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I : SCIENTIFIC AND TECHNICAL REPORTS 

THE PALEOLATITUDE AND PALEOMAGNETIC AGE OF THE ATHABASCA FORMATION, 
NORTHERN SASKATCHEWAN 

Project 680135 

W.F. Fahrig, K.W. Christie, and G. Freda 
Regional and Economic Geology Division 

Fahrig, W.F., Christie, K . W., and Freda, G., The paleolatitude and paleomagnetic age of the 
Athabasca Formation, northern Saskatchewan; in Current Research, Part C. Geol. Surv. Can., 
Paper 78-lC, p. 1-6, 1978. 

Abstract 

Paleomagnetic study indicates that the Athabasca Formation of northern Saskatchewan, 
Canada, was deposited about 1550 or about 1700 Ma ago at a latitude of 39°. A Rb/ Sr isochron on 
regolith from below the Athabasca ( R .K . Wanless. pers. comm., 1977) suggests that the younger age is 
correct. Reversals in the polarity of the earth's field occurr ed a number of times during deposition of 
the formation and these promise to be of va lue in the chronostratigraphic correlation of redbed units 
within the formation. 

Introduc tion 

The Athabasca Formation (Fah r i~, 1961; Fraser et al., 
1970) overlies approx imately 77 700 km of c rystalline base­
ment rocks of the Churchill Orogen in northern 
Saskatchewan. It is composed chief ly of orthoquartzite and 
has a maximum preserved thickness of about 1525 m. In 
recent years three s ignif icant uranium deposits have been 
discovered at or near the unconformity between the 
Athabasca and the underlying gneissic roc ks. Two of these 
are on the eastern a nd southeastern margin of the basin, the 
thi rd is exposed in the Carswell structure as a result of 
meteorite impact (Innis, 1964; Robertson et al., 1968). The 
c lose association of these deposits wit h the unconformity has 
led to specu lation that vast uranium deposits may occur at 
this surface elsewhere within the basin, or possibly in suitable 
traps within t he formation itself. There is special interest 
then in determining the age of sedimentation, the correlation 
of units within the Athabasca, and the depositional environ­
ment of the fo rmation . 

be low the sediments, and have a mean inc lination of 58°, with 
k= 18, using the statistical method of Briden and Ward ( 1966) 
for borehole data. Nine of these spec imens have a north­
seeking up direction, and 12 a north-seek ing down direction. 

The first discovery of a signif icant uranium deposit 
(Rabb it Lake) at or near the unconformity initiated an 
extensive exp loratory dr ill ing program within the bas in in the 
late 1960s and early 1970s. Sections we re obtained from a 
number of essentially vert ical drill cores and paleomagnetic 
study has been car ried out on su itable material (ch iefly dark 
ma roon siltstone, or si lt y sandstone) from a num ber of the 
cores . These cores are not oriented in the horizontal plane ; 
however, knowledge of the Middle a nd Upper Proterozoic 
Nor th Ame rican Precambrian polar wa ndering path has 
reached t he stage where paleo magnetic inclinations alone can 
provide s ignificant data on the age, as well as on the 
pa1eo1atitude of sedimentation. 

Paleomagnetic Results 

Figure 1.1 shows the location of the dr ill sites from 
which material was obtained for paleomagnet ic study, and 
Table l. l a nd Figure 1.3 , the results obtained from deta iled 
thermal demagnetization of the 3 1 samples . The dominant 
carrier of magnetization is hema tite, and 29 of the 31 
samples proved to be stably magnet ized . 

The 29 samples fa ll in to two groups, by far the larger of 
which (21 samples) is Group I of Table l. l. The samples of 
th is group a re well dist r ibuted throughout the bas in, both 
a really and verticall y. They include hematized regoli th from 

l(J4W ~ .. 

Figure 1 1. Index map showing the extent of the Athabasca 
Formation and the locations of drillholes f rom 
which core was obtained for paleomagnetic study. 
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Depths of reverse ly magnetized layers of 
Group I, Table 1.1 (open rectangles), normally 
magnetized layers of Group I, Table 1.1 (solid 
r ectangles) and layers of Group II, Table 1.1 , 
whose magnetization is near the horizontal 
(cross-hatched rectangles). 
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Sample letters identif y drillhole s in Figure 1.1 and the 
numbers indicate depths of samples from the surface. 
In c linations of north-seeking direc tions are shown as positive 
if below the horizontal, and negative if above. Changes in 
declinat ion from the previous heating (numbers in brackets) 
a re shown as positi ve if c lockwise, negative if counter­
c lockwise. 

The underlined figures a re the ones used in calculating 
mean incl inations and samples indicated by an asterisk are 
from regolith below the Atha basca. The underlined inclina­
tions were selected because direct ions appeared to have 
reached an end point . Note that in many cases there were no 
direct ional changes over a wide range of temperatures after 
the end point direct ion was attained. 
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Figure 1.3. Thermal demagnetization curves for samples of 
Table 1.1. 

Because of age limits (the Athabasca lies on the Churchill 
Orogen and is cut by Mackenzie dykes) the up directions 
indicate reversed polarity. The specimens from CSP 2-1 
indicate that a minimum of two reversals occur in the 
sequence, and if the polarities of samples from CSP 2-1 are 
compared with those of CSP 8-1 (Fig. 1.2) it appears likely 
that a minimum of four polarity reversals took place during 
deposition of the formation. In some cases (for example, 
sample 973, Table 1.1) the inclination changed from a north­
seeking down direction to a north-seeking up direction, 
indicating elimination by thermal cleaning of an unstable 
down component, probably related to the present earth's 
field. 

The discovery of a number of reversals within the 
sequence was surprising, as it has been argued that most of 
the Athabasca was rapidly deposited (Fraser et al., 1970) and 
may represent only a few million years. Polarity reversals 
during this period may, then, have been as frequent as during 
the past few million years (Cox, 1969; McElhinny, 1973). It is 
likely then that magnetostratigraphy will eventually play a 
role in the chronostratigraphic cor relation of redbeds 
throughout the Athabasca basin. 

Eight of the 29 stably magnetized samples have an 
incli nation of magnetization which is significantly shallower 
than that of Group I. These are listed as Group II in Table 1.1 
and their mean inclination irrespective of sign is 08 ° with 
k=67. This mean inclination may not be strictly correct, 
however, because there is no way of knowing whether any of 
the specimens are reversely magnetized. The origin of this 
flat magnetization is puzzling. It is unlikely to be secondary 
as there is no petrographic evidence of deep burial with 
heating and remagnetization of the Athabasca. Furthermore, 
samples with flat inclination occur towards the upper parts of 
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Table 1.2 

Saturation Magnetization Results 

Inclination 

Sample Number 20°c 200°c Intensity (200°c) Intensity (6000 oe) Change 

HL 2 0764 - 21 . 4 -21 . l .12xlO-" . lOxl0- 1 x 830 

CSP 2-1 0385 -05.6 -05.6 . 37xlO-" .19xl0- 1 x 510 

M 2 1058 +77 . 5 +68 . 2 . 74xl0- 5 . l lxl0- 1 xl490 

CSP 2-1 1269 +45 . 9 +44 . 4 . 32xl0- 5 . 15xl0- 1 x4680 

The intensity is given in e.m . u./c.c . Note that the inclinations at 20°C and 200°C are not the same as those 
given for specimens of the same number in Table l. l because they represent fresh specimens taken from the same 
core only a few centimetres higher or lower. Their inclinations are in good agreement with those of Table l.l. 

a number of holes and sample l 087 is overlain and closely 
underlain by material with steeper inclination. The flat 
inclination cannot be ascribed to deflection of the drillhole 
from the vertical, as some samples contain parallel lamina­
tions, indicating that the hole was drilled at 90° to bedding. 
The same relationship was also observed in cores which are 
close to other flatly magnetized samples which do not 
themselves exhibit good parallel bedding. 

The paleolatitude of deposition of the Athabasca 
Formation as calculated from the 21 samples (Group I, 
Table 1.1) is 39°. This is consistent with the red nature of 
much of the shale, the loca l presence of gypsum f illing joints 
in the sandstone, and the presence of stromatoli tes in the 
overlying Carswell Formation (Fahrig, 1961; Currie, 1969). 

Saturation Remanent Magnetization 

An experiment was carried out in an attempt to explain 
the presence of both shallow and steep magnetic inc linations 
within the cores . Four samples, two with steep and two with 
shallow magnetic inclinations, were exposed to a constant 
fie ld of 6000 oe . The results of this experiment are given in 
Table 1.2 and Figure 1.4. It was thought that the samples 
with shallow inclination might contain both normal and 
reversed components and the increase in their total moment 
would be much greater than in the steeply magnetized 
samples if the abundance of the hematite does not vary 
substantially . Such is not the case, indeed the increase in 
intensity is much greater for the two more steep l y 
magnetized samples. It seems unlikely that the steep 
magneti zation (involving three-quarters of the samples) would 
be the resultant of shallow normal and sha llow reversed 
magneti zations. To check this, however, six cyli nders with 
steep stable magnetic inclinations were cut horizontally and 
the halves were measured. None showed ev idence of 
transition from one polarity to the other . 

The same procedure was carried out on six samples 
exhibiting shallow magnetization . These a lso showed no 
evidence of transition from one polarity to the other. 

With regard to the above experiment, it shou ld be 
pointed out that the domains whose magnetization was 
aligned in a field of 6000 oe may not be the same domains 
aligned in a fie ld of 0.5 oe. 

Age of Magnetization and Sedimentation 

A line composed of all possible central Pac ific pole 
positions derived from the mean paleomagnetic inclination of 
21 A thabasca hematitic layers after cleaning at optimum 
temperatures is shown on Figure 1.5, along with part of the 
North American Precambrian polar wandering cu r ve. The age 
of the paleomagnetism (sedimentation) should be given by 
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some point at which this line intersects the polar wandering 
curve. The most westerly intersection of possible interest 
occurs at a point on the Logan Loop. This would make the 
Athabasca younger than the 1250 Ma Mackenzie igneous 
events (Fahrig and Jones, 1969; Van Schmus, 197 5), a 
possibility eliminated by the fact that the sandstone is 
intersected by a Mackenzie dyke on the south shore of Lake 
Athabasca. The intersection immediately to the east would 
make the formation at least 1500 Ma old, probably about 
1550 Ma. The third intersection (on the western limb of the 
Sudbury Loop) at about 1850 Ma would make the formation 
about the same age as the Dubawnt volcan ics (Wanless and 
L overid ge, 1972; Park et al., 1973). However, the pole for 
the Martin Formation (E vans and Bingham, 1973) is farther 
south along the Sudbury Loop (and therefore younger than the 
Dubawnt pole) and the Athabasca is known to postdate the 
Martin . This appears to el iminate the third intersection. The 
fou rth, and most easterly intersection, is about 15° north of, 
and therefore younger than, the pole for the Et Then 
Formation (Ir ving et al., 1972). The Et Then is li thologically 
similar to the pre-Athabasca Martin Formation and for this 
r eason has been cor related with other Late Aphebian-Early 
Hel ikian redbed sequences of the western Shie ld (Fraser 
et al., 1970). This most easterly intersection could therefore 
indicate the age of the· Athabasca Formation. We are left 
then with two intersections indicating possible ages of 
sedimentation , namely 1550 Ma and 1700 Ma. 

Ramaekers and Dunn ( 1976) have reported a 1350 Ma ± 
50 Ma whole-rock Rb/Sr age from shales of the formation. 
This does not agree with the paleomagnetic age. Two poles 
from rocks of the Canadian Shield, the Michikamau (Murthy 
et al., 1968) and the C roker Island (Palmer, 1969), lie less 
than 15° of arc away from the more westerly (.r 1550 Ma) 
A thabasca polar wandering curve inter sect ion. However, 
these poles have ages between 1400 and 1500 Ma. On the 
other hand, two rock units, the Sibley Group (Robertson, 
1973) and the Mistastin pluton (Fahrig and Jones, 1976), which 
have Rb /Sr ages close to that suggested by Ramaekers and 
Dunn for the Athabasca Formation have poles at least 25° 
distant from the western intersection. This suggests that the 
paleomagnetism of the Athabasca is signi ficant l y greater in 
age, and Athabasca sed imentation is significant l y greater in 
age than the 1350 Ma suggested by Ramaekers and Dunn. 

After the paleomagnetic work on the A thabasca was 
completed, Wanless report ed that a Rb/Sr isochron age of 
1633 ± 30 Ma (pers . comm ., May, 1977) had been obtained on 
deepl y weathered material which is basement to the 
Athabasca Formation (decay constart 1.42 x l0- 11 y- 1

). I f 
this does indeed date the pre-Athabasca weathering, it is 
unli kely to be more than 250 Ma older than Athabasca 
sed imentat ion; a situation required by t he 1350 Ma age. It is 
much more consistent with the 1550 Ma age suggested by 
paleomagnet ic results. 
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The main curves show the thermal demagnetiza­
tion of two Group I and two Group II samples 
after magnetization in a 6000 oe field. Curves in 
lower left give the N.R.M. intensities and 
intensities after thermal demagnetization at 
200°C. See Table 1.2. Note that the horizontal 
scale above 600°C is expanded. 

Figure 1.5. North American Middle and Upper Proterozoic 
polar wandering curve, slightly modified from 
Christie et al. (1975) and Fahrig (1977) . Numbers 
along the curve are estimated ages of various 
parts of the curve. The heavy line indicates 
possible pole positions derived from the mean 
inclination of magnetization of 21 Group I 
samples of Table 1.1 of Athabasca Formation 
after cleaning at optimum temperature. 

The Thelen Formation of the Dubawnt Group is 
generally thought to be a correlative of the Athabasca 
Formation (Fraser et al., 1970). It unconformably overlies a 
red bed and volcanic sequence. The latter has yielded a Rb/Sr 
age of about l 800 Ma, using the decay constants indicated 
above . If the Athabasca and TheJon a re indeed correlatives, 
the unconformity between the lower Dubawnt redbed volcanic 
seq uences and the overlying TheJon represents at least 
200 Ma. 
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2. COEXISTING CORDIERITE-GEDRITE-CUMMINGTONITE FROM EDEHON LAKE MAP AREA, 
CHURCHILL STRUCTURAL PROVINCE, DISTRICT OF KEEWATIN 

Project 750 102 

Subhas Tella and K.E. Eade 
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Tella, Subhas and Eade, K.E., Coexisting cordierite-gedrite-cummingtonite from Edehon Lake map 
area , Churchill Structural Province, District of Keewatin; in Current Research, Part C, Ceo!. Surv. 
Can., Paper 78-lC, p. 7-12, 1978. -

Abstract 

An asse mblage of garnet-biotite-cordierite-gedrite-cummingtonite in a specimen from the 
Aphebian Hurwitz Group metasediments is described and discussed. Gedrite invariably occurs as rims 
around cummingtonite, and is in turn partially surrounded by cordierite. The mineral assemblage and 
textural relationships are interpreted as having been evolved during syntectonic regional metamor­
phism of the rocks. The growth of amphiboles, however , occurred during the late- to post-tectonic 
stage, as is indicated by their random arrangement, and may have been influenc ed by a coeval, 
thermal doming caused by late Aphebian plutons. 

The Ca/Mn ratios in garnet, and the distribution coefficient ( K DFe-Mg) data between garnet­
biotite and garnet-cordierite mineral pairs indicate middle to upper amphibolite f acies conditions of 
metamorphism. The temperatures are estimated to have been in the range 585° C to 620 °C, and the 
total pressures in the order of 2 to 3. 7 kb. 

Introduction Aphebian Hurwit z Group which was deformed and regionaJJy 
metamorphosed during the 'Hudsonian Orogeny' (Eade, l 973). 
Post-Hurwitz Group plutons of Aphebian age are widely 
exposed in the area (Unit 4, Fig. 2.1) and may have thermally 
affected the Hurwitz Group and older rocks of the region. 

The mineral associations, the textural aspects, and the 
chemistry of mineral phases in one speci men (7cl33) from the 
vicinity of Downer Lake, District of Keewatin (NTS 65A) are 
described (Fig. 2.1). The mineralogy a nd texture of a second 
specimen (7 c l31) is also described as part of the general 
geological background. The following associations are 
present: 

1. Garnet-Biotite-Cordier ite-Gedr ite-Cumm ingtonite (7c l 33) 

2. Biotite -Cordierite-Muscovite -Sillimanite (fibrolite) (7cl31 ) 

To the writers' knowledge the cordierite-gedrite­
c ummingtonite association in specimen 7cl33 is the first 
reported occurrence in the Churchill Structural Province of 
the Canadia n Shield. 

The geological setting of the specimens is shown in 
Figure 2.1, the geology of which is after Eade (1973). The 
two specimens represent the mica schist unit (Unit 2) of the 
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Mineralogy and texture 

The specimens are mesoscopically medium grained and 
strongly foliated, with a n overall hornfelsic appearance. 
They are generally fresh with a weak to well-developed 
schistosity. Microscopically these rocks a re fine- to medium~ 
grained and show varying proportions of cordierite ± garnet 
± amphibole (both ged rite and cummingtonite) in a relatively 
fine grained and crystalloblastic matrix composed of quartz, 
biotite ± feldspar ± muscovite, and ± fibrolite. Muscovite, 
fe ldspar, a nd f ibrolite, however, are re st ric ted to one sect ion 
(7cl31). Other accessory minerals include magnetite, 
ilmenite, apatite, tourmaline and zi rcon. The estimated 
moda l compositions are listed in Table 2.1. 

LEGEND 

APHEBIAN 
rA"l Granite, quartz monzonite; with 
~ abundant inclusions of older 

rocks 

Hurwitz Group (undivided) 

Gil Paragneiss, paraschist, calc-
~ silicate bands; derived from 2 

i'il Phyllite, micaschist, calcsilicate 
~ rocks , crystalline limestone, 

meta- gabbro sills 

AR CHEAN 
~ Paragneiss, ~chist; may include 
L!.J some paragneiss 3 

e Specimen locality 
-·-· - Limit of geological mapping 
- --·· - Geological boundary (approximate, 

gradational) 
:::::.;·.·. Drift covered area 

Figure 2.1. Map showing the specimen localities in the Aphebian Hurwitz Group. The geology is after Eade 
(1973); parts of Edehon Lake map area (NTS 65A El /2). 7 



Figure 2.2b 

Photomicrograph showing core-rim relations 
between cummingtonite and gedrite. The 
numbers ref er to the spots analyzed for 
chemistry of mineral phases (grain 1, 
Table 2. 2). Crossed polars. (GSC 203405-E) 

In specimen 7cl33, biotite commonly defines a weak 
planar fabric that has been overgrown by large porphyroblasts 
of cordierite with numerous inclusions of quartz, opaques, and 
z ircon . Cordier ite grain boundaries are rather irregular and 
show diffusive nature in relation to the surrounding matrix . 
Pinite alteration is common along the grain margins. Garnet 
is present as subhedral to anhedral porphyroblasts which 
contain numerous unoriented quartz inc lusions. The garnet 
appears to be unstable, showing replacement by ch lor ite along 
boundaries and fractures. Their boundaries are commonly 
corroded with numerous embayments. One of the interesting 
textures in this section is the growth of large amphibole 

8 

Figure 2.2a 

Acicular to sheaf-like amphibole 
porphyroblasts in 7c1 33. Cummingtonite 
core rimmed by gedrite. Matrix minerals 
include garnet, cordierite ( c), biotite, 
and quartz. Crossed polars. 
(GSC 203308-C) 

grains (Fig. 2.2), both ortho- and clino-, some of which grew 
across the planar fabric and others parallel to it . The 
amphiboles invariably contain a core of cum mingtonite 
(optically positive with an inclined extinction and a large 2V) 
that shows multiple twins and is nonpleochroic to weakly 
pleochroic . They are rimmed by a c lean orthoamphibole 
(gedrite - optically positive, parallel extinction, colou rle ss to 
pale brown pleoch roism, and a 2V of approx imate ly 80°) . The 
Mg/Mg+Fe+Mn ratio of the rim suggests that its com position 
is intermediate between that of anthophylli te and gedrite . 
Cordierite grains partially surrounded the c linoamphibole 
blades and most often the two are separated by a r im of 
gedr ite (Fig . 2.2). 



Figure 2.2d 

Photomicrograph showing the porphyro­
blasts of garnet with number of spots 
analyzed. Crossed polars. (GSC 203308- D) 

In specimen 7c 131, the ty pical miner a l assem blage is 
biotite + cord ie rite + s illima nite + muscovite + quartz + 
m ic roc line + plag ioclase . The amou nt of biotite is hi gher 
compared to specimen (7cl33) and that of cord ie rite very low 
(3 %). Amphibole and garnet a re absent. Anhedral to 
subhedral porph yroblasts of cordierite have overgrown the 
biotite planar fabric. Mats of fib rolite a re extensively 
developed within a nd outside the porphyroblasts. The 
sillimanite fibres outside the porphyroblasts a re aligned 
parallel to the biotite fabric, together with plates of 
muscovite. Late chlorite alteration is present, especia ll y 
within and in the vicinity of cordierite porphyroblasts . 

Figure 2.2c 

Photomicrograph of an amphibol e grain 
(grain 2, Table 2.2) in contact with cordierite 
( c). The numbers ref er to the spots analyzed. 
Crossed polars. (GSC 203405-F) 

The textural re lat ionships between var ious mineral 
phases suggest t he fo llow ing time re lations between deforma­
t ion , metamorphism, and minera l growth at the specific study 
localit ies. 

I. Development of penetrative planar fabr ic defined by an 
a lignme nt of biotite ± muscovite during a syntectonic 
metamorphic event. 

2. Growth of garnet followed by cordierite in specimen 
7cl33 , a nd growth of muscovite, cordierite, followed by 
f ibrolite in specimen 7c l 31 during syn- to late-tectonic 
metamorphism. 
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Table 2.1 

Estimated modal compositions 

7cl31 *7cl33 

Quartz 35 40 

Plagioclase 11 

Microcline 21 

Amphibole+ 25 

Garnet 7 

Biotite 20 5 

Chlorite tr 

Cord ier ite 5 20 

Muscovite 3 

Sillimanite 3 

Tourmaline tr 

Apatite l tr 

Zircon tr tr 

Opaques I 3 

*specimen selected for probe a nalysis 
+contain two amphiboles (Gedrite - Cummingtonite) 

3. Possible posttectonic growth of amphiboles dur ing the 
waning stages of regional metamo rphism, probably 
influenced by the therma l updoming of plutons of Unit 4, 
or growth of am phibole blades during a contact metamor­
phic event postdating the regional metamorphism and 
deformation. Further field data are required to establish 
these relations on a regional sca le. 

Electron microprobe analyses 

The electron microprobe chemical a nal yses of mineral 
phases from specimen 7c 133 a re presented in Tables 2.2 
a nd 2.3. The spot anal yses (Table 2.2) represent two 
am phibole grains (Fig. 2.2). The optically distinc t core and 
rim areas (c ummingtonite-gedrite respectively) c learl y show 
a corr esponding chemical difference. The rims have higher 
Al and lower Mg compared to the core compositions . The Fe 
content is s lightly higher in the core than in the rims. 

Biotite, cordierite, a nd garnet a nalyses shown in 
Table 2.3 represent the average analyses of spots on different 
grains . The three mineral s are rich in FeO, MgO, A1 20 3, and 
Si02, and poor in other oxides. In general, these mineral 
phases appear to have been derived from parent rocks having 
high Fe a nd Mg initial bulk com position. The Mg/Fe rat io in 
the mineral phases, as determined from the analyses, was 
found to be in the following order: 

Cordierite > biotite > gedrite > c ummingtonite >garnet 

Mineral reactions 

Limited data preclude the possibility of proposing any 
specific reactions fo r the observed mineral assemblages 
although some general izations may be made by comparing the 
assemblage data with that from other regions . Lal a nd Shukla 
(197 5) desc ribed cordierite-gedrite-cumm ingtonite assem­
blages from Khetri Copper Belt, Rajasthan, India, and 
disc ussed metamorphic reactions in terms of the major 
c omponents Si0 2, AJi03, MgO, FeO, and H20. They sug­
gested a discontinuous reaction of the type: 
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Almandine + Al-chlorite + quartz 
~ Gedrite + Cordierite + H2o 

They also reported the com mon occurrence of composite 
prisms of gedrite-cummingtonite (with rim-core relationships 
as desc ribed in the present study) in the product assemblages. 
Such an association was interpreted, following the expe ri­
mental results of Akella (1971), as due to the sluggish nature 
of the convers ion of high temperature gedrite to the low 
temperature c ummingtonite. It is conceivable that a similar 
reaction resulted in the cordierite-gedrite-cummingtonite 
association described in this paper. 

Coexisting cordier i te-anthophylli te(gedr ite)-cumm ing­
toni te assemblages have also been reported by Robinson and 
Jaffe (1969) from the 'Amphibole Hill' area, central 
Massachusetts, by Stout (1972) from Telemark, Norway, by 
Tilley (1937) from Trelease Mill, Lizard, and by Eskola (1914) 
from Orijarvi District, southwestern Finland. The occurrence 
of anthophyllite as rims around cumm ingtonite has been well 
documented in these studies, and Robinson a nd Jaffe ( 1969) 
implied an equilibrium relationship between cordierite­
gedrite and c ummingtonite. The assemblages of the present 
study (in specimen 7cl33) have mineralogical, t ex tural, and 
chemical similarities to the above and a similar equilibrium 
relation may be suggested. The possibility that the amphi­
boles developed as late-stage contact metamorphic minerals 
postdat ing Cordier ite, however, cannot be ruled out 
completely. A complete or partial re-equilibra tion of 
const ituents between cordierite and c ummingtonite is 
possible under such condi t ions and may result in the 
formation of gedrite rims around c umm ingtoni te. Alignment 
of some amphibole blades parallel to the planar fabric 
a ppears to suggest the former rela tionship, i.e. the assem­
blages were in equilibrium. The random growth of some of 
the amphiboles ma y be explained by proposing that the 
regional metamorphism outlasted the deformat ion , resulting 
in an overgrowth of late minerals (such as c ordierite and 
a mphibole s) across th e planes of fabric . The thermal doming 
caused by ad jacent plutons (Unit 4) may have influenced the 
miner a l growth to a certain extent, but further data a re 
needed to qualify such statements . 

Physical conditions of metamorphism 

Sen a nd Chakraborty (1968), based on Ca/Mn ratios in 

garnet a nd on dis_tribution coeff ic ients K
0 

Mg-Fe in garnet­
biotite mineral pairs , formu lated a general equation-

(Ca/Mnf = -10.44 K Gar.-Biot. + C 
D (Mg-Fe) 

and have shown that the numerica l value of C varies 
systematicall y with metamorphic grade . The value of C 
(= 2.32) determined from the present chemical analyses for 
the garnet-biotite pa ir suggests that the metamorphic grade 
at the speci men locality (7c l 33) was with in the garnet­
staurolite zone of the amphibo lite facies conditions of 

metamorphism . Moreover, a comparison of the K DFe-Mg 
values determined for the minera l pairs garnet-cordierite and 
garnet -biotite (Table 2.4) to those experi me nta ll y determined 
values (Thompson, 1976; Fer ry and Spear, 1977 ), indicates 
that the temperatu res were in the order of 585°C to 620°C. 
The stability fields of garnet coexisting with cordieri te 
(Thompson, 1976) limit the total pressure range between 2 to 
3.7 kb at the above temperatu re range. However, the 
occurrence of fibrolite coexist ing with muscovite and 
cordierite seems to indicate that the pressures were in the 
upper end of the range. These P-T conditions a nd the mineral 
assemblages are typical of Abakuma-type · fac ie s se ries of 
Miyashiro (1961). 



Table 2.2 

Electron probe spot analyses of coexisting amphiboles 

Grain l Grain 2 

Rim ( 1-2) Core (3-6) Rim (7-9) Rim Core ( 2-5) Rim (6-7) 

l 2 3 4 5 6 7 8 9 l 2 3 4 5 6 7 

Si02 51 . 20 51.64 52.09 51.67 52.24 51. 86 50 . 91 51 . 50 50.72 51.75 52 . 34 52.21 52 .15 52 .13 51 . 26 50 .47 

Ti02 0 .1 4 0.07 0.09 0 . JO 0 .05 0 .1 3 0 .05 0 . 16 0 .12 0 . 22 0 .1 5 0 .1 0 0.05 0. 11 0 . 13 0 .1 2 

Al203 4.29 3.87 2.68 2.46 2.37 2 . 48 4.07 3.68 4 .45 4 . 22 2.50 2 . 41 2.29 2.63 4.00 4 . 09 

Cr203 ().12 0 . I I 0 . 00 0.00 0.05 0 . 09 0.02 0.13 0 . 14 0.10 0.05 0.05 0 . 00 0.00 0.08 0 . 09 

FeO 27.67 27.87 27.29 28.36 28 . 61 28 . 67 28 . 32 28 . 64 28.73 27.56 28.47 28.24 28.32 28 . 13 28 . 46 28.17 

MnO 0 .09 0 .06 0.07 0 .1 3 0.02 0 .12 0. I I 0.08 0.09 0 . 08 0 . 06 0.11 0.01 0 . I I 0.08 0. JO 

MgO 15.02 15.18 15.81 15.33 14.86 14.70 14.47 14. 16 14.23 14.79 15 .16 15 .07 15.25 14 .95 14.54 14.29 

Cao 0.04 0 .02 0.03 0.07 0.06 0. JO 0 . 00 0 . 03 0.05 0 . 04 0.04 0.06 0.01 0 . 07 0 . 07 0.04 

Na20 0 . 00 0 .1 5 0 . 16 0 .1 2 0 . 00 0.00 0 . 00 0.00 0 . 00 0 . 00 0 . 00 0 . 00 0.00 0.00 0 . 00 0 . 00 

KzO 0.00 0 .00 0.00 0.00 0 . 00 0.00 0 . 00 0 . 00 0 .00 0.00 0.00 0 . 00 0.00 0.00 0.00 0.00 

Total 98.57 98 . 97 98 . 22 98 . 24 98 . 26 98 .1 5 97 .95 98.38 98.53 98.76 98 . 77 98.25 98.08 98 .1 3 98 . 62 97.37 

Analyst: M. Bonardi, Mineralogy Section, Central Laboratories and Administrative Services, Geological Survey of 
Canada, Ottawa . 

Table 2.3 

Elec tron probe analyses of Garnet, Biotite, 
and Cordierite 

Garnet Biotite Cord ie ri te 

Si0 2 37 . 76 36 . 93 49. 40 

Ti02 0 . 07 2.08 0.01 

Al203 20.46 17.42 32.01 

C r 203 0 . 08 0 . 21 0.00 

FeO 36.20 19 . 93 7 . 66 

MnO 0.57 0 . 00 0.02 

MgO 4. 47 11.69 9 . 01 

Cao 0.63 0.01 0.00 

Na20 0 .13 0 . 15 0.63 

KzO 0.00 8.37 0 . 00 

Total 100.36 96.79 98 . 74 

Garnet - Average of 8 spot analyses on two different 
grains 

Biotite - Average of 4 spot analyses on four grains 

Cordierite - Average of 4 spot analyses on two grains 

Analyst : M. Bonardi, Mineralogy Section, Central 
Laboratories a nd Admi nistrative Services, 
Geological Survey of Canada, Ottawa. 

Table 2.4 

Average Kn values between Garnet-Biotite and 
Garnet-Cordierite mineral pairs, and 

estimated temperatures of metamorphism ·· 

Mineral pair InKD 
Fe-Mg T°C 

Garnet- 2 . 254 585 Thompson 
Cordierite (1976) 

Garnet-Biotite 1.55& 610 

620 Ferry and 
Spear ( 1977) 
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Abstract 

lee-bonded sediments are found over much of the Beaufort Sea cont inental shelf but are absent 
from most parts of Mackenzie Bay. They reflect Pleistocene climatic condi t ions which resulted in 
the growth of permafrost to depths of 600 m or mor e. The study made use of oil industry r eflection 
recor ds to determine the distribution of these sediments. 

Introduc tion 

For Jong periods of time during the Pleistocene, part of 
the Beaufort Sea continental shelf was exposed to subzero air 
temperatures and as a consequence permafrost grew in the 
sediments to a thickness in excess of 600 m. These conditions 
are reflected today in the ice-bonded sediments which are 
found over a large per centage of the shelf area. 

Seismic Studies 

The extent of ice-bonded sediments is determined by 
analyzing the "front ends" of oil industry reflection records in 
terms of refracted arrivals. Figure 3.1 shows the extensive 
distribution of high seismic velocities wh ich are interpreted 
as ice-bonded sediments . 

r?lo-----~ 
0 

"" 

An examination of the var iation of seismic velocity 
with depth reveals considerably more detai l in the resu lts . 
The shelf has been divided into d iffere nt regions with 
different velocity - depth fun c tions. In Mackenzie Bay, a 
linear inc rease of velocity with depth (F ig . 3.2 ) simila r to 
that observed for unbonded marine sed iments (Hofer and 
Varga, 1972), is noted . North of Garry Is land and below a 
depth of 120 m, the rate of increase of ve locity with depth is 
non linear and signif icantly greater than fo r Mackenz ie Bay 
(Fig. 3.3): a condition, which has been ter med the "Netserk 
a nomaly", and is probably due to partial bond ing of the 
sediments . The d istribution of th is velocity anoma ly lies 
between the high-velocity ice-r ich sediments a nd the ice-free 
sediments (Fig . 3.4). East of 135° W, high velocities con­
sistent with a n ice-r ich medium or coarse gra ined sed iments 
are found (H unter et a l. , 1976). The veloc ity data (F ig. 3.5) is 

0 40 

KILOMETERS 

Figur e 3.1. Distribution of high seismic v elocities f ro m Beaufort Sea r eflection r ecords. 
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Figure 3.2. Velocity-depth distribution for Mackenzie Bay. 

divisible into an upper high-velocity g roup, with a top 60-
100 m below sea JeveJ, fo r which the se ism ic records show a n 
attenuated, intermittent signa l, a nd a lower group (130-200 m 
below sea level) fo r which the records show a st rong, 
continuous signal. In Figures 3.6 and 3. 7, we have plotted the 
depth to the top of the two layers . Resolution of depth 
is ± t+O m because of t he Jack of arrival time information 
from the shot point to the nearest rece iver 300 m away . 

A very distinct western boundary fo r the uppe r high­
veJoc ity layer (F ig. 3.6) strikes northwards from Richards 
Island along approx imateJy l 35° W. Near the western border, 
this upper layer overlies a deeper layer with an intermediate 
velocity of the Netserk t ype whereas, to the east, it overli es 
a deeper higher velocity layer. From the rapid attenuat ion of 
the upper layer signal, the upper layer appears to be thin (J0-
30 m). 

The western boundary of the lower high-velocity layer 
str ikes nor theast ac ross the shelf from Garry Is la nd, cutting 
diagonally ac ross the western boundary of the upper layer . 
The depth below seabotto m of the top of the lower layer is 
relatively constant (the gentle dip to the north on t he ma p is 
caused by increasing water depth). 

Temperature Studies 

The shallow temperatu re regime at the l 35° W velocity 
boundar y was examined in the spring of l 976. Three holes 
were drilled using a hydraulic drill a nd the holes instrumented 
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Figure 3.3. Ve locity-depth distribution for the Netserk 
area, north of Garry Island. 

with temperature measuring cables to depths of 30 to 60 m 
(Judge et a l., 1976). 

At each of the locations shown in Figure 3.6, subze ro 
temperatures were encountered th roughout the holes. During 
drilling, no hard boundaries were encounte red which could be 
attribut ed to a frozen-unfrozen interface although ice was 
encountered in a sand near the base of t he westernmost 
dri llhole . Calcu lated equili brium temperatures fo r the 
central and western sites a re shown in Figure 3.8, together 
with t he single set of results obtained fo r the eastern site 
prior to cable failure . 

The centr al and westernmost sites exh ibited contr asting 
characteristics of the thermal regime . On the one hand, the 
centra l hole showed a negative temperature grad ient of 
15°/km at a depth of 6 m below the sediment surface and the 
temperatu re fell to below -l.9 °C at I.ft+ m depth . On the 
other hand, the western hole exhibited a positive temperature 
grad ie nt of 57° /km at a depth of l 0 m below the sediment 
surface, a nd the temperature rose to 0°C at a depth of 35 m 
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below the sediments. The former profile is typical of thick 
relict permafrost with ice-bonding probably present where 
lithology and pore-water salinity are suitable i.e . in fresh­
water sands. An alternative explanation of the centre 
profile, assuming a melting ice-bonded surface at greater 
depth with high salinity sediments above, seems unlikely in 
view of the very low temperature determined at bottom hole. 
The average salinity of seawater in the area would lead to 
freezing temperatures of -1.7 to -l.9°C. For the latter 
profile a t the westernmost site, the likelihood of a further 
ice-bonded horizon below the bottom of the hole is smalJ 
unless the horizon is very close to the melting point . 

The one set of results at the easternmost site indicates 
subzero temperatures. The near-isothermal conditions of the 
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bottom two measurements do not clearl y indicate the 
character of the t hermal regime, although the low grad ie nt 
could indicate reli ct conditions. 

The western bou nd ary of the high and intermediate 
velocity zones near Garry Island we re su rveyed with 60 m 
drillholes in th e spring of 1977. Cables for temperatu re 
observations were installed in nine of the holes, locations of 
which a re shown in Figure 3. 10. The tentative eq uilibrium 
temperatures are shown as an isotherm al cross -section in 
Figure 3.9 . Al l profil es but t he southern most one indicated 
temperatures dec reasi ng with depth, a lthough only those 
north of Netserk B-44 encountered negative temperatu res 
within t he depth of observation. A general progression 
towards lower temperatures was observed from south to 
north . The cross-sect ion illust rates the complex thermal 
s ituation in which the 0°C isotherm is almost vertical, 
sepa rating wa rm sediments to the south and cold to the north. 

Discussion 

Figure 3.8. Temperature profiles north of Richards Island 
(from Judge et al. , 1976). The lo cations of the 
drillhole s are shown in Figure 3.6. 

No ice-bond ing was observed under most of Mackenzie 
Bay and the a rea appears free from all but shallow perma­
frost occu rr ences in shallow water . This a rea appears to be 
restricted to the region of the Mackenzie Canyon (and 
perhaps the dimensions of the Wisconsin ice lobe) a nd is 
sharpl y bounded on the northeast side . In the Netserk area, 
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a nomaly is consistent with such 
an inte rpretation (Stoll et a l., 
1971). 

Shallow gas occurrences of 
th is type may be ver y common in 
the vicinity of major permafrost 
boundaries where the decomposi­
tion of degrad ing hyd rates will 
be most rapid and a permeable 
path to the surface exists 
through the unfrozen sediments . 

High velocities encoun-
tered on the eastern half of the 
shelf are interpreted as relict 
ice-bonded permafrost which 
resulted from a sea level lower ­
ing in t he past. The upper high 
velocity layer could result from 
the presence of intermittent ice­
bonding assoc iated with coarse 
grained lenses embedded in fine 
grained sediments as obser ved at 
the Tingmiark site during engi­
neering drillin g (Hunte r a nd 
Judge, l 97 5). Possibly the upper 
layer is c omposed of segregated 
ice as observed on land by 
Rampton and Mackay (1971 ). 
Why there a re two distinct high­
velocity layers is not clear 
a lthough the expla nation could 
be related to changes of ice 
c ontent due to changes of 
temperature, grain size or 
salinity characteristics. An 
a lternative expla nation in terms 
of a phase c ha nge, in which a 
change from gas-plus-ice to 
hydrate-plus-ice occurs in the 
sed iment pore spaces below a 
certain depth, is att ractive. The 
average depth to the top of the 
lower layer of a bout l 50 m, the 
depth of stability of hydrates, 
does not seem ent ire ly fortu­
itous. Seism ic reflections at 
depths of l 50 m in the Alaskan 
section of the Beaufort Sea have 
been interpreted as hyd rate 
horizons (M ilton , l 977 ). 
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Abstract 

In the case of a gamma-ray log past an isolated zone of radioactive material of effectively 
infinite thicknes.s and uni{ orm composition the full-width of the anomaly curve at half the maximum 
count. rate is equal to the true zone thickness, regardless of detector length . In the case of thinner 
isolated zones the full-width half-maximum method gives an erroneously large value for thickness, 
the degree ·of error depending in part on· detector length. This leads to an underestimation of the 
concentration of radioactive material, sometimes called 'dilution'. Correction charts given here for a 
range of detector lengths and probe response functions allow the full-width half-maximum method to 
be applied to uni{ orm zones of any thickness. 

The question of how to determine the thickness of a 
zone of ·radioactive material is the source of some confusion, 
and contradictory informa tion regarding this subject is to be 
found in the literatu re. It is well known that the full-width of 
the anomaly cu rve at half the asymptotic maximum count 
rate (Fig. 4.Ja} is equal to the thickness of a homogeneous 
zone if the zone is of 'effectively infinite' thickness, that is, 
if the zone is thick enough so that the gamma-ray count rate 
nearly achieves the value which would be reached if the zone 
were truly of infinite thickness. The definition of infinite 
thickness will be conside red in greater detail later in this 
paper. In the case of a thinner zone however, the full-width 
half-maximum (FWHM) method gives an e rroneously large 
value for thickness (Fig. 4.lb). Thus, when ore grade G is 
calculated for the thin zone using the equation 

(Scott et al., 1961 ), wliere A is the area under the anomaly 
c urve, K is the system sensitivity (% U 3 0 8 sec/count) as 
determined in model boreholes and T is the estimated 
thickness, then the resulting G will be too low; this 
phenomenon is sometimes ca lled 'dilution' (Dodd and 
Eschliman, 1972). 

The best approach to the general problem of 
determining the actual distribution of radioactive material 
along the borehole is some sort of computer processing 
scheme (see Scott et al., 1961; Conaway and Killeen, in 
press). If a manual determination of grade and thickness is 
desired for an isolated thin zone, however, this can be made 
by using the thin zone correc tion charts given here. The 
mathematical development presented here is necessarily 
brief; a more complete backg round is given by Conaway and 
Killeen (in press). 

® 

G =KA 

T 

x 
2 

. • 

Figure 4.1. 

a. Gamma-ray log anomaly due to an 
isolated uni{ orm zone of radioactive 
material showing how the full-width 
half-maximum ( FW H M) corresponds to 
the zone thickness if the zone is of 
effectively infinite thickness. 

b. In the case of a thinner zone the 
FWH M is greater than the true 
thickness . 
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Corrections for Thin Zones 

Let the e lementary gamma-ray Jog anomal y due to an 
infinitesimally thin zone of radioac tive material (the 
'geologic impulse response') be given by <j>(z), where z is depth. 
The function q(z) expressing the distribution of ore of grade G 
for a zone of thickness T is 

q(z) = G 

and q(z) = 0 

for Osz::;T 

elsewhere ... (1) 

The idea! gamma-ray Jog C(z), using a point detector, will 
then be given by the convolution of these two functions: 

C(z) = f 00 <j>(I;;) q(z-rJ dr; 
-oo 

.•. (2) 

When a detector of length L is used rather than a point 
detector a detector function f(z) is involved, where 

f( z) = l 

a nd f(z) = 0 

for OszsL 

elsewhere .•• (3) 

a nd the ga mm a-ray log CL (z) for a detector of finite length 
is given by 

l 
CL(z) = K J"" C(r;) f(z- r;) dr; 

-oo 
. . . (4) 

where K is the system sensitivity. 

The funct ion <j>(z ) will be approximated here as 

a -a lzl <j>( z ) = -
2
- e ... (5) 

where a is a shape constant determined in model boreholes 
(see Conaway and Killeen, in press, for more background 
information). 
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Plot of true zone thickness (T) against full-width 
half-maximum (FWHM) for a= 0.14 and detector 
lengths of (a) 1 cm, (b) 8 cm, (c) 15 cm, and 
(d) 30 cm. The dashed line represents the 
asymptote. 
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Figure 4.3. Plot of true zone thickness (T) against full-width 
half-maximum (FWHM) for a= 0.18 and detector 
lengths of (a) 1 cm, (b) 8 cm, (c) 15 cm and 
(d) 30 cm. The dashed line represents the 
asymptote . 

Equation (4) was evaluated for various values of Tusing 
a digital computer and discrete convolution to yield plots of 
FWHM apparent zone thickness plotted against true thickness 
for values of a = 0.14 cm - i and a = 0.18 cm - i (Figs. 4.2, 4.3 
respectively) . Although a varies with many factors, especiall y 
dr illhole diameter , fluid content, casing , gamma-ray energy 
and rock density, it appears that these values of a represent a 
typical range for Canadian mining boreholes and Geological 
Survey of Canada logging equipment. Detector lengths chosen 
for the plots were 1 c m, 8 cm, 15 cm, and 30 cm . Correction 
factors for othe r detector lengths can be found from these 
plots by interpolation. 

As an illustration of how to use the cor rec tion charts 
consider once again Figure 4. 1 b. Let us say that this anomaly 
is recorded in a borehole under conditions such that a is 
0.18 c m - i, and an 8 cm detector was used . The FWHM of the 
a nomaly is measured as 15 cm; from Figure 4.3 the true 
thick ness of the layer (assuming that it is uniform in 
composition) is about 9.5 cm. In this case the e rror in ore 
grade based on the FWHM would be about 37%; this e r ror 
wou ld be larger for thinner zones, or for smaller values of a. 

Zones of Effectively Infinite Thickness 

Previously it was stated that the FWHM method gives 
va lid thickness results in the case of isolated uniform zones 
of effectively infinite thickness. This is true regardless of the 
detector length . It should be noted, however, that precisely 
what constitutes effectively infinite thickness depends on the 
detec tor leng th. This relationship is shown in Figure 4.4, 
determined from numerical calculations based on equations 
(4) and (5). For practical purposes the effect of detector 
length on the infinite thickness is quite small for a given 
value a in the range of detecto r lengths likely to be used in 
Canadian mining applications. 

Figure 4.4 presents two sets of cu rves for two different 
definit ions of what constitutes 'effec tively infinite' thickness. 
The solid lines were derived under the assumption that the 
zone of radioactive material is effectively of infinite 
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Plot of effect ively infinite zone thickness (Tin[) 
against detector length (L) for a = 0.14 
and a.= 0.18. The solid l ines represent the thick­
ness at which the gamma-ray count rate reaches 
99 per cent of its asymptotic maximum value, 
and the dashed lines represent the thickness at 
which the count rat e reaches 99.9 per cent of maxi­
mum. For example, for L=8 cm and a=0.18 cm - 1

, 

the gamma-ray anomaly will reach 99 per cent of 
the infinite thickness count rate at approxi­
mat ely T=52 cm, and 99.9 per cent of the infinit e 
t hickness count rate at T=78 cm. 

thick ness when the gam ma-ray anomaly achieves 99 per cent 
of its asymptotic maximum value (i.e. the value which would 
be achieved if the zone were truly of in fi nite thickness). In 
the case shown by the dashed Jines that c rite rion is raised to 
99.9 per cent. For most applications the 99 per cent crite rion 
should be adequate. 

Conclusions 

For isolated thin zones of radioactive mater ia l th e 
co rrection factors given in Figures 4.2 and 4.3 can be used to 
give an improved estimate of the true thick ness over what 
would be obtained using the fu ll-width half-maximum method . 
The accuracy of the resulting determinations of thickness and 
grade can be seriously degraded if poor Jogging practice is 
used. In the case of an analog Jogging system a short 
ratemeter time const ant should be se lected in orde r to 
minimize distortion . With a digita l system it shou ld be 
obvious that one cannot hope to resolve reliably zones of 
thickness comparable to, or shorte r than, the sampling 
interval. The sampling interval should be se lected with this 
fact in mind . 
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Abstract 

Radiocarbon dates obtained by the Geological Survey of Canada relating to the late glacial 
and early postglacial history of the Ottawa-St. Lawrence Lowlands are presented. At the western 
rim of the Champlain Sea basin near Clayton, Ontario, a radiocarbon date of 12 700 ± 100 
years (GSC-2151) was obtained from marine shells, and this indicates a minimum age for 
deglaciation and marine submergence in that area. Near the top of Rigaud Mountain marine shells 
from a high level beach of the Champlain Sea yielded a date of 11 200 ± 90 years (GSC-2296) 
providing a minimum age for deglaciation and marine submergence of the top and southern flank 
of the mountain. Three dates of 10 600 ± 140 (GSC-2423), 10 300 ± 140 (GSC-2261), and 
10 100 ± 130 years (GSC-2189) obtained for marine shells recovered from low level marine 
beaches near Cazaville, Sainte-Justine-Station, and Deschenes relate to the "Mya arenaria phase" 
and the last stand of the Champlain Sea in the Lowland. A 14 C date of 97 50 ± 150 years (GSC-
2414) was obtained for freshwater shells of the mollusc Lampsilis siliquoidea recovered near 
Saint-Stanislas-de-Kostka from sands of former "Lampsilis Lake". The date provides a maximum 
age for retreat of the Champlain Sea from this part of the St. Lawrence Lowland. 

Introduction 

Several radiocarbon dates have been ob tained by the 
Geological Survey of Canada in the last three years relating 
to the geological history of the western part of the 
Champlain Sea basin . These dates were obtained for shells 
collected during field investigations and mapping (1973-1977) 
of the surficial geology of the Ottawa-St . Lawrence 
Lowlands. 

New dates obtained a re listed in Tables 5.1 , 5.2, and 
5.3, and their geographic locations are shown in Figure 5. I. 

Dates Relating to Marine Limit 

Clayton Dates 

Pelecypod shells (GSC-2151, Tab le 5.1), identified as 
Macoma balthica by W. Blake, Jr . , were co llected from a n 
active sand and gravel pit in a beach deposit at an altitude of 
ea. 168 m, 5.6 km north of Clayton, Lanark County, Ontario 
(45°14'15"N, 76°19'00"W; Fig . 5. 1). A sample dated earlier 
from this same locality (GSC-1859) provided an age of 12 800 ± 
200 years (Richard, 1974, p. 219; 1975, p. 114). The date on 
the inner fraction of the second run is accepted as being the 
most reliable age for this site . The age obtained ( 12 700 ± 
100 years) provides a minimum age for deglaciation of the 
Clayton area and for a rrival of marine waters along the 
western rim of the Champlain Sea basin . The elevation of 
this collection (ea . 168 m) is believed to represen t the marine 
li mit in the a rea. This date is the oldest for postglacial 
marine submergence in the entire Champlain Sea basin. A 
date of 11 500 ± 90 years (GSC-2269) was obtained for the 
forefin bone of a bowhead whale (Ha rington, 1977) collected 
from beach deposits at an elevation of 168 m at White Lake, 
35 km northwest of Clayton. It was expected that these two 
dates would be similar, and the reason for the 1200 year 
discrepancy is not known . 

The date of arrival of marine wate rs a long the western 
rim of the Champlain Sea basin does not correlate with other 
published radiocarbon dates relating to the first penetration 
of marine waters into the basin . The date is virtually 
ide ntical to that of 12 720 ± 170 years (GSC-102) obtained 
by Lee in 1963 at Trois-Pistoles, Quebec, east of the study 

a rea, for shells of Portlandia arctica in clay overlain by 
deltaic sands; this date (GSC-102) was interpreted as 
indicating deglaciation of the area and penetration of marine 
waters at leas t this far west (Dyck a nd Fyles, 1963, p. 18). 
Radiocarbon dates obtained for the area east of Trois­
Pistoles show that marine overlap along the south shore of 
the St. Lawrence River estuary had started around 13 500 
years B.P. in the Gulf of St. Lawrence and had progressed up 
river at least as far as Trois-Pistoles by 12 800 years B.P. 
(Dionne, 1977, p. 66-67). 

West of Trois-Pistoles, however, 14 C dates of this 
gene ral age have not been obtained for marine fossils 
(Dionne, 1977, p. 68). It has been stated in the past that 
postglacial marine submergence of the Ottawa-St. Lawrence 
Lowl a nds did not start until a narrow corridor had become 
free of ice on either side of Quebec City, so that the waters 
of the Goldthwait Sea cou ld have access to the Low lands. 
The oldest radiocarbon dates obtained for the Quebec City 
region a nd the area to the south are : 12 400 ± 160 (GSC-
1533; Lowdon and Blake, 1973, p. 13) at Charlesbourg, 
Quebec; 12 230 ± 250 (QU-93; LaSalle, 1974, 13 p.) at Saint­
Henri-de-Lev is, Quebec; 12 OOO ± 230 (GSC-936; Lowdon 
and Blake, 1970, p. 58) at L'A venir, Quebec; and 12 OOO ± 200 
years (Kirkland and Coates, 1977, p. 50 l) at Massena, New 
York, U.S.A. 

Although the presence or absence of a marine 
microfauna at the Clayton site has not been determined, the 
occurrence of only one molluscan species of macrofossils 
(Macoma balthica), which is quite tolerant to both marine 
waters of very low salinities and some freshwaters, suggests 
that the early phase of the Champlain Sea might belong in the 
"Transitional Phase" of the pre-Bur Jing ton Stage of the sea's 
history (Cronin, 1977, p. 246). This "Tra nsit ional Phase" of 
the Champlain Sea has been identified in Champlain Valley of 
New York and Quebec by Cronin on the basis of the presence 
in the fauna! assemblage of a "mixed association of fresh 
water ost racodes with euryhaline marin~ ostracodes and 
molluscs", and it is estimated to have lasted in that southern 
arm of the marine basin from "about 12 500 to 11 600 
years B.P." 
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Laboratory 
Dating No . 

GSC-2151 

GSC-2269 

GSC-2296 

Date 
(years B.P .) 

12 800 ± 100 
(Outer fraction) 
12 700 ± 100 
(Inner fr action) 

11 500 ± 90 

11 200 ± 90 

76° 

,. 

Table 5.1 

Champlain Sea radiocarbon dates relating to 
marine limit in Ottawa-St. Lawrence Lowlands 

Localit y Material 

Clayton, Lanark Marine she lls 
County, Ontario in beach 

grave ls at 
168 m a .s.I. 

White Lake, Whale bones 
Renfrew County, in beach 
Ontario sands at 

168 m a .s.J. 

Rigaud, Mari ne shel ls 
Vaudreuil in beach 
Cou nty, Quebec gravels and 

sands at 
160 m a .s .J. 

75° 

QUEBEC 

Collec to r Reference 

S.H. Richard, Unpublished, 
W. Blake, Jr . this paper 

A. Jones, Harington, 
C.C. Kennedy 1977, p. 525 

S.H . Richard Unpublished, 
this paper 
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• LOCALITIES WHERE NEW RADIOCARBON DATES 
HAVE BEEN OBTAINED . 

e LOCALITIES WHERE RADIOCARBON DATES 
HAVE BEEN OBTAINED EARLIER. 
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4 5° 

Figur e 5.1 . Location map of Ottawa-St. Lawrence Lowlands showing localities where new radiocarbon dates have been obtained 
for deglaciation, marine limit," Mya arenaria phase" of Cha mplain Sea and " Lampsilis Lake" episode. 
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This early "Transitional Phase" of the Champlain Sea in 
the western part of the basin a lso has been identified in 
Gatineau Valley north of Ottawa on the basis of several 
radiocarbon dates obtained in th e las t ten years for marine 
shells of the same species (Macoma balthica mainly) co llec ted 
by various investigators, even if the dates are all younger 
than the Clayton dates . The oldest 14 C dat es obtained for 
the Ottawa region and the a rea to the south a re: 12 200 ± 
160 (GSC -1646; Lowdon and Blake , 1973, p. 16-1 7) at Cantley, 
Quebec; 11 900 ± 160 (GSC-1772; Lowdon and Blake, 1973, 
p. 17) at Ma rti ndale, Quebec ; 11 800 ± 210 (GSC-1013; 
Lowdon and Blake, 1970, p. 60-61) at Maitland, Ontario; 
11 600 ± 150 (GSC-842; Lowdon and Blake, 1970, p. 59 ) at 
Meach Lake, Quebec ; and II 500 ± 150 years (GSC-1612; 
Lowdon and Blake, 197 5, p. 12) at Lascelles, Quebec. 

An important implication of this 12 700 ± l 00 yea r 
(GSC-2151) dat e from Clayton on the deg laciation pattern of 
southern Quebec and southeaste rn Onta rio a lready has been 
show n by Borns a nd Hughes (1977, p. 204): "A date of 12,800 
yrs. B.P. on marine shells reported from the St . Lawrence 
Lowlands (Prest, pers. com m.) demonstrates that by that time 
a calving bay had progressed up the Lowla nds from the Gulf 
of St . Law rence to the vicinity of Ottawa, Ontario . Because 
of the presence of Laurentide ice in Maine a t this time, it is 
c lear that this marine incursio n par titioned the Laurentide 
ice sheet leaving a residual ice cap to the south of the 
St. Lawrence Lowlands over Quebec, Maine, and New 
Brunswick after 12,800 yrs. B.P. while at the same time the 
margin of the main Laurentide ice sheet lay along th e 
northern ma rgin of the sea filling th e St . Lawrence 
Lowlands". Thomas (1977, p. 354-355) used this sa me 
assumption. 

The inte rpretation sugges ted by this new 14 C date 
(GSC-2151) co ncerning the time of penet ration of the 
Champlain Sea wate rs in the Ottawa-St . Lawrence Lowland, 
however, has created a co rre lation prob lem with the 
c hronolog y deve loped for the deg laciatio n and prog lac ia l 
lakes history of the eastern Great Lakes a rea to the west . 
Kar row (197 5, p. 83 ) a nd Dreimani s (1977, p. 45 ) believed that 
glacial Lake Iroquois was in existence from 12 600 to 11 900 
years ago in the Lake Ontario basin and that it was dammed 
by ice lying in the upper St. Lawrence Lowlands northeast of 
t he Kingston a rea before that a rea was inva ded by the marine 
waters of the Champlain Sea. As a lready pointed out by 
LaSalle et al. (1977, p. 37-38), GSC-2151, GSC-1859, a nd the 
other ear ly Champlain Sea dates older than ea. 11 800 years 
mentioned above pose, for the time being, a co rrelation 
problem with the late Quaternary chronology developed fo r 
the Great Lakes a rea, and fu rth e r investigations will be 
required before it is resolved successfully . 

Rigaud Mountain Da te 

Pelecypod shells (GSC- 2296, Table 5.1 ), identified by 
W. Blake, Jr . as Hiatella arctica, were collect ed from a sand 
pit in a beach deposit on Rigaud Mountain a t an a lt itude of 
ea . 160 m 3.2 km south of Rigaud, Va udreuil County, Quebec, 
(45°26'45"N, 74° 19'40"W; Fig. 5.1). The date obtained, 
11 200 years, provides a min imum age for deglac iation of the 
top a nd southern flank of Rigaud Mountain. Gravel a nd sand 
near the top of Rigaud Mountain at a n elevation of ea. 192 m 
did not yie ld marine fossils but the depos it is believed to 
rep resent the marine limit in the a rea. A beach deposit at 
ea. 180 m a.s.J. and l km east of the GSC-2296 sampling site 
contained fr ag ments of Hiatella arctica and Macoma balthica, 
but not e nough was recovered fo r radiocarbon dating 
(Richard, l 976a, p. 207- 208). 

This fossiliferous marine beach deposit at ea . 180 m 
represents the highest well defined Champlain Sea shore line 
on the south side of Rigaud Mountain a nd is be lieved to be the 
first a nd oldest shore feature to have developed in the area 
(Richard, l 976a, p. 207- 208). 

The sample date and elevation on Rigaud Mountain may 
be compared with a date of 11 490 years (GrN-1697) from 
172 m "at or nea r ma rine limit" on Mont Royal 50 km to the 
east (Elson, l 969a, p. 367) a nd another date of 11 370 ± 360 
yea rs (Y - 233) fo r ma rine shells from another site in the sa me 
area and at the same elevation (Elson, 1962, p. 61 ). A date of 
11 200 years (GSC- 1672; Lowdon and Blake, 1973) was 
obtained from a Champla in Sea sho reline at 154 m at 
Almonte, La na rk County, Ontario a long the western side of 
the Champlain Sea basin. Th is date is from 13 m lower and is 
1500 years younger th a n the local marine limit (see section 
describing Clayton dates) . 

Other shells recovered from the Riga ud site include: 
Macoma balthica, Mytilus edulis, Balanus hameri, and Mya 
arenaria. Thi s macrofaunaJ asse mblage seems to suggest a 
deposition dur ing the late part of the "Hiatella a rctica phase" 
of the Champlain Sea just before the transition to the "Mya 
arenaria phase" ea. 11 OOO to l 0 900 years B.P. (Elson, l 969a, 
p. 371; Cronin 1977, p. 248) and seems to imply tha t 
deposition did not necessarily c lose ly follow deglaciation of 
the area. 

Radiocarbon Dates Relating to "Mya arenaria phase" of the 
Champlain Sea in Ottawa-St. Lawrence Lowlands 

The "Mya a renaria phase" is the last phase of the 
Champlain Sea and lasted from ea. 10 900-10 600 to 10 000-
9800 years B.P. in the centra l part of the basin around 
Montreal (Elson and Elson, 1959, p. 1596; Elson, 1964, p. 54; 
1969a, p. 367-37 1; Croni n, 1977, p. 245, 248 ). The faun a! 
assemblage associated with this phase indicates cold ­
temperate marine conditions . 

Sainte-Justine-de-Newton Date 

Pe!ecypod shells (GSC-2 26 1, Table 5.2 ), identified as 
Mya truncata L. by W. Blake, Jr ., we re collected from a 
drai nage ditch exposing fossilif e rous sand ove r ly ing compact, 
si lt y to clayey diamicton at an a ltitude of ea. 7 5 m, 3.2 km 
southwest of Sainte-Justine-Station, Quebec (45°20'25"N, 
74°27'00"W ; Fig. 5.l ). This shell sample is from a shallow 
water or low leve l beach sand deposi t of the Champlain Sea 
(Richa rd, l 976a, p. 205). It cons isted of paired valves found 
upright in living position at the base of the sand with the 
lower part of the specimens anchored in the underlying 
diamicton . Specimens of other macrofaunal species foun d in 
situ in the marine beac h deposit in c lude Mya arenaria, 
Mytilus edulis, a nd Macoma balthica. This macrofaun al 
marine assemblage ref lects cold temperate ma rine water 
co ndi t io ns and indicates deposition during the last part of the 
Champlain Sea episode. This is the farthest west reported 
occurr e nce of Mya truncata in Champlain Sea sediments 
(Wagne r, 1970, p. 12, 43, 67-72). The date indicates a "Mya 
arenaria phase" age for this deposit (Elson, l 969a) and 
correlates with a date of 10 330 ± 100 years (GrN-2035) 
obtained by Elson at Saint -Joseph-du-Lac, Quebec for th is 
same species (Mya arenaria) in a simila r situation. Shells of 
Hiatella arctica from the underlying diamicton at this localit y 
gave a date of I 0 500 ± l 00 years (GSC-2391; Richard, 
I 976a, p. 205). 

Deschenes Date 

Pelecypod she lls (GSC-2189, Tab le 5.2), identified as 
Hiatella arctica by W. Blake, Jr., we re co llected from a 
drainage ditch in pebbly sand a t an a Jtitµd e of ea. 94 m, 
3.2 km north of Desc henes, Gati neau County, Quebec, 
(45°24'40"N, 75°48'00"W; Fig. 5. l ). 
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Table 5.2 

Radiocarbon dates relating to "Mya arenaria phase" of the 
Champlain Sea in the Ottawa-St. Lawrence Lowlands 

Laboratory Date Locality Material Collector Reference 
Dating No. (years B.P .) 

GSC-2261 JO 300 ± 140 Sainte-Justine-de- Marine shells W. Blake, Jr., Unpublished, 
Newton, Vaudreuil in beach sands E.B. Owen, this paper 
County, Quebec at 7 5 m a.s.J. S.H . Richard 

GSC-2189 10 100 ± 130 Deschenes, Marine shells S.H. Richard Unpublished, 
Gatineau County, in beach this paper 
Quebec gravels at 

94 m a.s .J. 

GSC-2423 JO 600 ± 140 Cazaville, Marine shells S.H . Richard Unpublished, 
Huntingdon County, in beach sands this paper 
Quebec 

GSC-1553 10 OOO ± 320 Russell, Russell 
County, Ontario 

These shells were recovered from a shallow water or 
shoreline pebbly sand that fo rms the lowest raised beach of 
the Champlain Sea in the Ottawa-Hull area (Richard, l 974, 
p. 219; 1976b; Richard et a l., 1977). Directly east of the 
fossiliferous beach deposit the highest post-Champlain Sea 
river bluff cut into marine clay by the early Ottawa River 
occurs at a n elevation of ea. 90 to 9 l m. The presence of 
the high fluvial terrace associated with this bluff below but 
near the level of the marine beach suggests that no lacustrme 
phase, corresponding to "Lampsilis Lake." of the upper 
St . Lawrence valley, followed the Champlain Sea m Ottawa 
Valley. 

This date agrees with GSC-1553 (JO OOO ± 320 years) 
obt ained for marine pelecypod shells (Macoma balthica and 
Macoma calcarea) recovered from a shallow water or 
shore line sand fo rming t he lowest beach of the Champlain Sea 
at ea. 70 m elevation near Russell, Ontario, 45 km southeast 
of Deschenes (Lowdon and Blake, 1973, p. 19). 

There is, however, a minor discrepancy between this 
date and GSC-1968 (10 200 ± 90 years) on postmarme 
submergence Lampsilis siliquoidea shells at Bourget, Ontario 
(Gadd, 1976, p. 2,4,6; Lowdon and Blake, 19 76, p. 6). 

Cazaville Date 

Pelecypod shells (GSC-2423, Table 5.2), identified by 
S.H. Richard as Macoma balthica, were co llected from a sand 
pit in the lowest beach of the Champlain Sea at an a ltitude of 
ea. 55 m, 2.3 km northwest of Cazaville, Huntingdon County, 
Quebec (45°06'15"N, 74°23'25"W; Fig . 5. 1). The shells were 
co llect~d from the lowest beach of the Cham plain Sea in the 
a rea south of St. La wre nce Ri ver between Va lleyfie ld and 
Fort Covington and south and west of Montreal Island 
(R ichard, 1977, p. 512). The dat e compares we ll with that of 
I 0 600 ± 200 years (L-604C) obtained by Te rasmae (1965, 
p. 36) for she lls from the lowest Cha mpla in Sea beach, 
e levat ion 61 m, at Summerstown some 14 km west of 
Cazaville. Afte r the sea fel l below 55 m in this area, a 
change from a ma rin e to a freshwater environment took place 
and "Lampsilis Lake" came into existence. 
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at 55 m a.s.l. 

Marine shells S.H. Richard Lowdon and 
in beach sands Blake, l 973, 
at 70 m a.s.l. p. j 9 

Radiocarbon Date Relating to the Submergence of Part of 
the Ottawa-St. Lawrence Lowlands by the Freshwaters of 
the "Lampsilis Lake". 

After the Champlain Sea had fallen to a level at 
ea . 50 m a .s.I., Ottawa Valley Lowland had emerged, but 
water remaining in St. Lawrence River Lowland on either side 
of Montreal between Cornwall and Deschaillons became 
fresh, forming a water body called "Lampsilis Lake" by Elson 
(Elson and Elson, 1959, p. 1596; Elson, 1962, p. 64-65; 1964, 
p. 54; 1968, p. 116; I 969a, p. 369; I 969b, p. 254; Prest, 1970, 
p. 723-724). 

Saint -Stanislas-de-Kostka Date 

Freshwater bivalve shel ls (GSC-2414, Table 5.3), 
identified by A.H. Clark, Jr . , National Museum of Natural 
Sciences, as Lampsilis siliquoidea, were collected from a 
drainage ditch in yellowish sand over lying a ma rine silty clay 
at an altitude of ea . 47 m, 3.5 km southeast of Samt­
Stanislas-de-Kostka, Beauharnois County, Quebec 
(45°09'30"N, 74°05'45"W; Fig. 5.1). This sample was collected 
from 5 to 6 m below the lowest shoreline of the Champlain 
Sea. The date is the first obtained on the freshwate r mollusc­
Lampsilis siliquoidea from estuarine-lacust rin e sa~~s 
overlying Champlain Sea sediments within the "Lamps1hs 
Lake" basin as identified and mapped in earlier works (Elson, 
1962, p. 65; Prest, 1970, p. 723-724; Richard, 1977, P: 512; 
Terasmae, 1965, p. 27,37). It agrees we ll with the estimate 
of 9500 years made by Terasmae (Terasmae, 1965, p. 37) a nd 
the 9300 years estimate by Elson (Elson, 1968, p. 116) to mark 
the time when the Champlain Sea episode had just come to a 
close. The date (GSC-2414) seems to correlate with GSC-
1976 (9730 ± 140 years) obtained fo r freshwater shells 
collected by LaSalle in the Quebec City area and ·identified 
by A. H. Clark, Jr., National Museum of Natural Sciences, as 
Elliptio complanatus (LaSalle et al ., 1977, p. 59 ). LaSalle's 
interpretation of this 14 C date is that the ma rine wat.ers of 
the Champlain Sea a lready had started to turn fresh m the 
area west of Quebec City more than 9700 years ago and that 
this freshwater phase probably cor responds to the "Lampsilis 
Lake" episode identified by Elson (1962) in the Montreal a rea 
(LaSalle et al., 1977, p. 58- 59; Lowdon et a l., 1977, p. 6-7}. 



Table 5.3 

Radiocarbon date relating to the post-Champlain Sea submergence 
of part of the Ottawa-St . Lawrence Low lands by the freshwaters 

of "Lampsilis Lake" 

Laboratory 
Dating No. 

Date 
(years B.P .) 

Locality Material Collector Reference 

GSC-2414 9750 ± 150 Saint-Stanislas-de­
Kostka, Beauharnois 
County, Quebec 

Freshwater 
shells in 
shallow water 
sands at 47 m 
a .s.l. 

S.H. Richard Unpublished, 
this paper 

Summary 

The date~ reported in this paper add more information 
to the mounting body of data concerning the chronology of 
the Champlain Sea. The oldest date (12 700 years) was 
obtained for deposits near Clayton at the western margin of 
the basin . This date raises problems concerning the route 
taken by the invading sea because dates this o ld have not 
been obtained for marine deposits along the southern margin 
of the basin . The presence of marine material that is almost 
as old, in Gatineau River valley, however, seems to indicate 
that this date is of the correct order of magnitude. There are 
difficulties reconciling this date with the current deglaciation 
chrono logy of the Great Lakes, but this will have to be solved 
by fu r ther research. Dates on the final phase of the 
Champlain Sea indicate that it was still present in the Ottawa 
area JO OOO years ago . The freshwater Jake that fo llowed the 
Champlain Sea in the St . Lawrence Lowlands ("Lampsilis 
Lake") was present 97 50 yea rs ago. 
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Abstract 

During 1975, three reversed deep seismic sounding profiles and additional subcritical incidence 
reflection profiles were recorded in Winona Basin, a deep water sedimentary basin west of northern 
Vancouver Island. Analyses of the reflection data indicate an upper sedimentary structure of three or 
four prominent horizons with interval velocities ranging f rom 1.6 to 3 .8 km/ s, and having a total 
depth extent of about 2 km in the central basin. This is underlain by a lower sedimentary structure 
with velocity of approximately 4.3 km/ s and thickness of about 2 km. From the analysis of the 
refraction data, the average velocity of the subsediment crustal section is approximately 6.0 km/ s 
and its thickness is about 10 km along the central basin. Significant lateral variations in crustal 
structur e occur across the basin. The seismic results are consistent with a proposal of oblique 
subduction between the Explorer and American plates. 

10 20 
KM 

\./\ ~ ) 

Figure 6.1. Location of 1975 marine deep seismic sounding profiles in Winona Basin. Open circles show the drift track of the 
receiving ship during the profile runs. 
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Introduction 

During 1975, three reversed deep seismic sounding (DSS) 
profiles and additional subcritical incidence reflect ion 
profiles we re recorded in Winona Basin, a deep water 
sedimentary basin west of northern Va ncouver Is land 
(Fig. 6.1). Signa ls from six individual hydrophones suspended 
at 45 m depth from a 600 m cable trailed behind the rece iving 
ship we re recorded digitally while the shoot ing ship detonated 
explosive charges ranging in s ize from 2.2 kg to 200 kg at 
distances from less than 1 to 9 5 km . Clowes (1 977) has 
described the marine DSS system in detai l. To acquire 
compleme ntary data, three vertical incidence continuous 
seismic profiles (CSP's) using a 300 in. 3 ai r gun and a si ngle 
chan nel streamer we re recorded along three of the DSS 
prof iles (75- lR, 75-2R a nd 75-3, Fig. 6.1). 

The exp losion seismograms are stat ics - and amplitude 
- corrected, filte red and, if necessary, stacked before 
compilation into record sections. To obtain velocity-depth 
information from the subc ritical reflect ion data , the T 2 -X 2 

and ray parameter methods are used . For the refract ion 
data, traveltime of first and secondary ar rivals and the 
relative a mplitude characteristics of the seismic sections are 
used in conjunction with synthetic se ismograms to provide an 
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interpreted velocity /depth model. The latter approach 
requires a n assumption of la t e ra l homogeneity. However,the 
data recorded along the two re versed profiles across the basin 
(profiles 75-2 a nd 75-2R; 75- 3 and 75-3R) indicated that such 
an assumption was not justified. As a result, a computer 
program fo r ray t raci ng th rough a latera ll y inhomogeneous 
medi um was developed. Travelt ime-distance cu rves are 
determined from reflected and refracted P-wave ray paths 
through the medium and compared with observed traveltime 
c haracteristics . 

Reflection Data 

The CSP data show a number of featu res as the basin is 
crossed. Starting from t he west at Paul Revere Ridge, the 
eastern face of the rid ge dips eastward at about 10° beneath 
flat lying tu rbid ite sediments. In the region between Paul 
Revere and Winona ridges, the young sediments are arched as 
if they we re being compressed. Winona Ridge is an 
outstanding topograph ical featu re with virtually no evidence 
for layering such as that seen in the you ng sediments to 
either side of it . The turbidite sedimentary sequence east of 
Winona Ridge thickens toward the continental s lope. None of 
th e CSP data show suff ic ient penetration to identify acoustic 

6 8 10 
(KM) 

Figure 6.2. Record sect ion of reflection profil e 7 5-1 R. Ampl itude cor rections have been applied and the data are filtered from 
5 to 30 Hz. The part of the sec tion within the r ectangle is shown on the right side with a five-{ old increase in 
amplitude. The DWW arrival lies along the steeper straight line. Curved lines show the six r eflect ion phase 
correlations which were timed. W is the bottom r efl ec tion. C and E were not used in the computations. The 
dashed line shows the transition from a de ep r ef lector to the first refraction ar riva l. 
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various travel time branches. The arrows show the first arrival picks made from the raw data. The insert shows the velocity­

depth model. 
Figure 6.3 
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basement beneath the thick turbidite deposits. However, 
they are very useful for near-surface control of the DSS 
profiles. 

In total, eight subcrit ical inc idence ref lection profi les 
were recorded - one at the rece iver end of each of the 
individual refract ion profiles plus 7 5-2V a nd 7 5-3V located at 
the intersections of these profiles (Fig. 6.1 ). Reflect ions 
from shallow sedimentary la yers cou ld be phase correlated on 
all profiles but substantial penetration was achieved only on 
th ree of them. On at least one of these, we believe seismic 
energy returning from the oceanic basement (top of layer 2) 
can be identified but the data quality is not adequate to phase 
correlate reli a bly for determination of velocities . 

Figure 6.2 shows the reflection record section for 
profile 7 5-l R at the northwestern end of the basin. The first 
arr iv al seen on the profile is the direct water wave. Both the 
bottom reflection and its multiple can be identified, the first 
starting a bout 2.7 s and the second about 5.4 s. All of the 
reflections timed for analysis a re shown on the sect ions, 
although hori zons C and E were too poorly defined to aJJow 
proper analysis and so were not used in the final computa­
tions. Correlations and time picks were not made from the 
record sect ion shown, but were determined from enlarged 
segments of it . The cu rved lines on Figure 6 .2 show the 
general trend of the correlations. 

Both T2 -X 2 analyses and ray parameter methods (Keen, 
1976) were applied to these and similar data . The results of 
the two different approaches were completely consistent . 
Table 6.1 gives the velocities and thicknesses determined 
from analysis of the data shown in Figure 6 .2. Other profiles 
give similar results. 

Table 6. 1 

Layer Veloci ty Thickness *Subbottom 
(km/s) (km) depth (km ) 

water 1.50±.02 2 .00 ±.OJ 0.00 

w to A 1. 79±.08 0 . 33± . OJ 0 . 33 

A to B 2 . 02 ± . 06 0.32± .OJ 0 . 65 

B to D 2.14± . 03 1.17±.02 I. 82 

*Datum level for water bottom is 2 . 00 km . 

Refraction Data 

Profiles 75- 1 and 75- I R form a 95 km reversed pai r 
a long the length of the basin (Fig. 6.1) . The two profiles were 
similar in both thei r traveltime and amplitude character­
istics . Thus interpretation with the aid of sy nthet ic seismo­
grams, the theory for which assumes lateral homogeneity, is 
justified. 

The lower part of Figure 6 .3 shows the refraction data 
for profile 7 5-l after the six tr aces recorded for each shot 
have been stacked . Small arrows ind.icate first a rrival picks . 
One of the most notable featu res is the Jack of correlative 
secondary arrivals. From an interpretive viewpoint, this 
indicates that the velocity-depth curve cannot be composed 
of simple homogeneous layers; some fo rm of veloc ity 
gradients is required . The velocity-depth model interpreted 
for 7 5-1 also is shown on Figu re 6.3 . 
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The synthetic seismograms (computed by the recently 
developed disc ray theory of Wiggins, l 976), which correspond 
to the model, are shown in the upper part of Figure 6 .3. 
There is good agreement with both traveltimes and ampli­
tudes. Traveltime curves derived for the model are super ­
posed on both the synthetic and observed record sections . 

Profiles 75-2 and 2R and 75-3 and 3R, which were 
recorded across Winona Basin, had an entirely different 
character than those along the basin. A preliminary 
examination indicated that an assumption of lateral 
homogeneity was not justified. In order to interpret the data, 
we developed a ray tracing computer program for laterally 
inhomogeneous media . The constraints of (i) data from 
reversed profiles, (ii) the velocity-depth models derived for 
the central basin, and (iii) the general geological and tectonic 
regime of the area, enabled a realistic cross-basin crustal 
structure to be determined. 

Figure 6.4 shows the refraction data for profile 75-3 . 
Solid triangles give first arrival picks . A traveltime advance 
of about 0.25 s over Winona Ridge and significant amplitude 
changes with distance are clearly observed. 

The interpreted crustal model which satisfies these data 
is shown in Figure 6.5. Ray paths are superposed on the 
model. To keep the model as simple as possible, constant 
velocity blocks, rather than ones with gradients, were used . 
On the traveltime curves above the model, the first arrival 
picks from Figure 6.4 are represented by the dashed line. 
Plus signs and crosses identify traveltimes for ref lected and 
refracted rays respectively. The traveltime fit between the 
model data and the observations is excellent. And the same 
crustal model gives JUSt as good a fit for the reversed profile. 

Discussion 

The principal features derived from analyses of the 
subcriticaJ incidence reflection data are low ve locity (1.6 to 
2.0 km/s) sediments at subbottom depths of less than I km 
and higher velocity (2.1 to 3.8 km/s) sediments at subbottom 
depths ranging from Jess than I km to about 2 km . At depths 
greater than 2 km below the seabottom, there is a marked 
increase in velocity, although the value is not determined by 
reflection data. The first arrival on seismograms at distances 
near 8.6 and 9.5 km is a refraction phase . When the straight 
li ne through these arrivals (and ones at greater d istances) is 
extrapolated to lesser distances, it is tangent to reflecting 
horizon D. The velocity determined from the inverse slope of 
the line is about 4.3 km/s. This indicates that the velocity of 
the material directly below horizon D has this value, although 
the velocity increases rapidly with depth as shown by the 
refraction data. 

The ve locity-depth curve (Fig. 6.3) shows that the 
subsediment crustal section in the central part of the basin 
extends from a depth of 6 km to about 16 km . Three layers 
are distinguished by rapid changes in velocity with depth . 
Pronounced velocity gradients exist within the 'layers '. 
Average velocities are consistent with the normal seismic 
st ructure of the ocean ic crust (Christensen and Salisbu ry, 
J 97 5) but the thicknesses of the 'layers ' are greater than 
average, giving a relatively thick crust beneath the 
sediments . The JO km thickness is about the same as that 
determined by Malecek and Clowes (in press) from DSS 
profiles recorded east of Explorer Ridge on Explorer plate. 

The crustal structure across the basin is shown by the 
model of Figure 6.5 for profile 75- 3. A similar, but not 
identical, model was derived from the reversed profiles, 75-2 
and 75-2R. In order to generate the observed traveJtime 
advances, Winona Ridge has a higher velocity than the 
sediments on either side . This could be the effect of 
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compression forcing up older, more consolidated sediments 
prior to the deposition of the layered low velocity sediments . 

The most striking features of the models are the 
eastward dipping layers on the west side of the basin and the 
westward dipping layers on the east side . The former is 
consistent with a plate being subducted beneath the 
continent. The latter is close to, or part of, the region of 
transition between oceanic and continental crust. Perhaps 
the westward dipping layers represent a buckling of the crust 
in response to a recent initiation of subduction or increas in 
subduction rate in this area. 

The results of this study, combined with other 
geological and geophysical information off the west coast of 
Canada (Riddihough and Hyndman, 1976; Riddihough, 1977; 
Murray and Tiffin, 1974; Chase et al., 197 5) are best 
explained by oblique subduction between the Explorer and 
American plates. 
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Introduction 
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Abstract 

A gabbro dyke, cutting Carboniferous rocks at southern Sabine Peninsu la , Me lville Island, 
yie lded a Kl Ar age of about 123 Ma . Samples of gabbro sill s, cutting Permian rocks deep in the 
Panarctic et al. Drake Poin t D-68 well, y ielded Kl Ar ages of about 131 Ma and 152 Ma. 

The age of the dyke is broadly contemporaneous with an important unconform ity at the margin 
of Sverdrup Ba sin , between Cr etaceous and Jurassic rocks. The sill s may be broadly contemporaneous 
with phases of crustal subsidence and marine transgression in Sverdrup Basin. 

Three sam ples of mafic igneous rocks from Sabine 
Peninsu la, Melville Is land, were dated by the K/ Ar method 
(whole rock a na lysis) by Geochron Laboratories Divis ion 
(Krueger Enterprises, Cambrid ge , Massachusetts). One 
sample was collected from a dyke that cuts su rface rocks at 
Tingmisut Lake ; the other t wo samples a re fro m deep levels 
in the Panarc tic et al. Drake Point D-68 well (Fig. 7. l ). 

constit uents of Carboniferous to Upper Cretaceous rocks in 
Sverdrup Basin, Queen Elizabeth Is la nds (Blackada r, 1964; 
Thorsteinsson a nd Toze r, 1970; Balkwill, 1978). The f lows and 
intrusive bodies a re in terca la ted with and transect Sverd rup 
Basin sed imentar y rocks systematicall y: the mafic rocks a re 
st rat igraphicall y highest in the success ion in the ax ia l part of 
the bas in , where t he sed imen tary success ion is thickest, a nd 
a re at progressively lower strat igrap hic levels toward the 
basin marg ins, where the success ion is much th inner. The 
oldest mafic rocks a re Carboniferous basalts at no rthern Axe l 
Heibe rg Is la nd (Thorste insson, 1974); the youngest are Upper 
Cretaceous (probably Turonia n) basalts at western Axel 
He ibe rg ls la nd (Southe r, 1963). Between those lowest and 
highest levels t here a re a bundant basa lt flow s a nd sill s a nd 
dykes. The isotopic ages of mafi c intrusive rocks are known 
to range from about 190 Ma to about 86 Ma (Ba lkwill, 1978). 
From this, it is evident that mafic act ivity pla yed a long 
last ing, regionally significant role in the c rustal mechanics of 
bas in evo lution . Furthermore, levels of organic metamor­
phism we re raised locally in country roc ks ad jacent to maf ic 
intrusive bodies, affect ing gene rat ion of hydrocarbons 
(Powell, 1978 ). 

Tozer and Thorste insson (l 964) mapped the surface 
rocks of Sabine Pen insula . Upper Paleozoic, Mesozoic , and 
lower Te rt iary rocks of Sverdrup Basin rest unconformably on 
folded Devonian a nd older rocks (F ig . 7. l ). Th e Sverdrup 
Basin succession dips regionally northward, a nd is interrupted 
on northe rn Sabine Pe ninsula by c ircula r diapirs c omposed of 
Carboniferous evaporites . Ac ross the southern part of the 
peninsula, Lowe r C retaceous sandstones (Isachsen Formation) 
lie on progressive ly older Jurassic st rata eastward, above a 
low-angle unconformity . 

Basalt flows, a nd dykes and si ll s ra ngin g in co mposition 
from olivine-bearing gabbro to qua rtz diorite a re important 
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Figure 7.1 

Geological se tting, Sabine Peninsula, Melvill e 
Island. Details of g eology are provided by 
To zer and Thorsteinsson ( 1964). 
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Figure 7 .3. Vertical air photo of Tingmisut Lake 
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Formation; S: Silurian dolomite; C-
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Figure 7.2 

West-central Queen Eliz abeth Islands, 
showing northeast-striking structures of 
Sverdrup Basin, structures of Eurekan Rifting 
Episode (after Kerr , 1977), and approximate 
age of ma{ ic intrusions. 

Not fa r south of the Sve rdrup Bas in margin, on eastern 
Bathurst Is land (Fig. 7.2), there is a Maastr ic htian basalt flow 
a nd some maf ic dykes that have been dated isotopicall y at 
48 Ma and 60 Ma (Eocene a nd Paleocene ) (Kerr , 1974). No 
mafic rocks as young have been proven to be present in 
Sverdrup Basin, but the dyke at Tingm isut Lake was und a ted 
until now, so it has been uncertain whether it is re lated to the 
Sverdrup Basin assemb lage of intrusions, or to the younger 
maf ic rocks a t Bathurst Isla nd . 

Mafic Igne ous Roc ks at Sabine Peninsula 

Mafi c igneous rocks outc rop . at three loca lities on 
Sa bine Pe nin su la (Tozer and Thorsteinsson, 1964). The re a re 
masses of gabbro - some of whic h may be ring dykes - in 
each of the two large circ ular evaporite pierc ement domes 
near the northern coast of the pen insula, and a northeast­
striking syst em of dykes that c ut slightl y tilted, 
Carboniferous sedimentary roc ks near Tingmisut Lake 
(Fig . 7.1) . 

Slightly s inuous dykes at Tingmisut Lake str ike N20°E 
(Fig. 7.3) . The largest dyke is a bout 50 m wide and 4 km long. 
Two small dykes lie northeastward of the la rge dyke and 
strike para lle l to it. The dyke rocks a re moderate ly jointed, 
lying partl y as res istant felsenmeer piles at the surface. The 
rocks a re da rk green-grey a nd coarsely c rystalline. Blackadar 
(in Tozer a nd Thorsteinsson, 1964, p. 173) determined that the 
large Tingm isut dyke has a su bophiti c tex ture, a nd on the 
basis of plag ioc lase c omposition is a gabbro. The rocks 
contain as much as l 0 pe r cen t titanife rous magne tite . The 
dykes c ut red, ora nge, a nd buff qua rt z sandstones of the 
Canyon Fiord Format ion, which at Sabine Pen insu la conta in 
Late Carboniferous fossils . In a n irregula r zone, a few 
metres wide , the sandstones a re bleached light grey-buff and 
a re cemented by qua rt z . Canyon Fiord sandstones a re part of 
a northward-dipping homocl ine, interrupted east of Tingmisut 
La ke by a normal fault ac ross whic h Silurian dolomite is 
juxtaposed aga inst the Carboniferous roc ks . 



The two si ll s in the Drake Point D-68 well are s im ilar in 
gross composition. Both are composed of feldspar, quartz, 
amphibo!e, ch!or ite, titaniferous magnet ite and biotite. Their 
average compositions are more similar than the internal 
va riations with either of the sills . The sills are unusual in 
that quartz constitutes a relatively high proportion of the 
total rock. The quartz content varies from 8 to 25 per cent 
with the greater abundance occurring in the upper half of the 
sills. The feldspar content is fairly constant throughout the 
sills with t :ie original feldspar content varying between 
40 and 50 per cent. This proportion is now reduced due to 
intense sericitization throughout all the fe ldspars. 
Determinations by X-ray indicate that the mafic minerals in 
the sills are predominant ly amphibo!e and c hlori te with illite 
reflecting the sericitization of the feldspar. The amphibo!e 
content varies inversely with the quartz content and ranges 
between 10 and 20 per cent . The amphibo!e content is 
greater in the lower half of both sills. The ch!orite content is 
relatively uniform: between 10 a nd 12 per cent, possibly 
increasing to 15 per cent near the ma rgins of the si ll s. 
Biotite occurs in places within the thin-sectioned chip 
samples and may constitute 3 to 5 per cent of individual 
c hips. An opaque mineral, probably titaniferous magnet ite, 
constitutes the remaining 5 to 12 per cent of the rock. 

From their present composition the s ill s are c lassified 
as diorite to quartz diorite . Because of the extensive 
alteration of the sills, the isotopic ages would have to be 
considered as minimum ages even though most of the 
alteration appears to have occurred during the emplacement 
and c rystallization of the sills . 

K/Ar Ages 

Sample C-57639, coll ected at the north end of large 
Tingmisut Lake dyke (Fig. 7.3), yielded an isotopic age of 123 
± 6 Ma. 

Panarctic et al. Drake Point D-68 is the deepest well 
drilled at Sabine Peninsula (T.D. 5415 m, 17 766 ft). Two 
mafic si ll s were pene trated in the Lower Permian succession 
of strata in the D-68 well: between 4682 and 4767 m (15 360-
15 640 ft), and between 4883 and 4945 m (16 020-16 225 ft) . 

A sample from the upper s ill, collected from a cored 
interval at 4685 m (15 369.5 ft), yie lded an age of 152 ± 6 Ma 
and sample from the lower sill , collected from drill cuttings 
between 4929 and 4947 m (16 170-16 230 ft), an age of 131 ± 
6 Ma. 

The only other mafic in t rusive body in Sabine Peninsula 
wells is present in Lower Permian rocks, between 3397 and 
3452 m (11 145-11 325 ft), in the Panarctic Chads Creek B-64 
well. That sill has not been dated. 

Discussion 

Along the southern ma rgin of Sverdrup Basin, Perm ian 
and older rocks at Grinnell Peninsula (Fig. 7 .2) are cut by a 
gabbro dyke that yielded a K/ Ar age of about 114 Ma (Kerr, 
1976), and Triassic rocks at Cornwall Island have abu ndant 
dykes and sills from which a 117 Ma K/ Ar age was obtained 
(Ba!kwill, in press). K/Ar ages of 112 to 110 m.y. (Larochelle 
et al., 1975) and 144 Ma (Ba!kwill, in press) have been 
obtained from other mafic intrusions in the Ringnes Islands. 
The radiometr ic ages of the intrusive rocks at Sabine 
Peninsula indicate that they are part of the widespread, long­
Jasting Sverdrup Basin assemblage of Mesozoic intrusions a nd 
volcanic flows, and are not part of the latest Cretaceous­
ear!y Tertiary family of mafic rock s represented at Bathurst 
Island. The latter seem to be related genetically to a phase 
of latest Cretaceous-Tertiary graben formation within a nd 
adjacent to Parry Channel, which Kerr (1977) called t he 
Eurekan Rifting Episode. 

The stratigraphic age of the Tingmisut Lake dyke is 
approximately Hauterivian. A thick succession of nonmarine 
sandstones (Isachsen Formation) represents the !ate 
Valangin ian-Hauter iv ian-Barremian-ear 1 y A pt ian interval in 
Sverdrup Basin. Isachsen Formation sandstones (and younger 
Cretaceous deposits) broadly overstep the basin marg ins, 
giving evidence of fundamental re-ordering of tectonic­
deposi t iona! regimes in mid-Cretaceous (Ba!kw ill, 1978). 
Basal Isachsen beds beyond Sverdrup Basin margins are locally 
as young as Barr emian. The basal Isachsen beds above the 
Jurassic rocks at southern Sabine Peninsula are undated, but, 
from the foregoing regional considerations, they must lie in 
the interval !ate Va!anginian-Barremian. The time­
st ratigraphic age of the dyke at Tingmisut Lake (Hauterivian) 
is therefore broadly contemporaneous with the phase of 
tilting, differential uplift, and erosion that produced the 
unconformity beneath the Isachsen Formation at southern 
Sab ine Peninsula. 

A narrow array of north-northeastward-striking struc­
tural elements is present in western Sverdrup Basin (Fig. 7 .2) 
(Ba!kwill et al., in press). The a rray includes the dykes at 
Tingmisut Lake, some fau lts cutting Mesozoic and older rocks 
east of Drake Point, a swarm of recent earthquake epicentres 
between Sabine Peninsula and Lougheed Island, fo lds in 
Cretaceous rocks on Lougheed Island and western Ellef 
Ringnes Island, and large, linear magnetic anomalies of 
undetermined origin between Borden Island and Ellef Ringnes 
Island. If the Tingmisut Lake dyke is as old as its isotopic age 
suggests, then c rustal instability has prevailed since Early 
Cretaceous (or earlier) time in a zone that strikes across 
western Sverdrup Basin in a northeastward direction. 

The upper and lower sills in Drake Point D-68 have 
respective stratigraphic ages of approximately Oxfordian, and 
late Berriasian or earl y Valanginian. The Oxfordian was a 
t ime of widespread marine t ransgression and deposition of 
dark shales in Sverdrup Bas in, as was the early Valanginian; 
!ate Berriasian was a time of marine regression at the basin 
margins . For some other time-stratigraphic intervals, trans­
gressive marine dark sha!es in the Sverdrup Basin succession 
a re matched, approximately, by phases of mafic intrusion or 
basaltic volcanism; those relationships suggest that transgres­
sion was prompted partly by crustal foundering and 
enlargement of basin space (Ba!kwi!J, 1978). 
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Abstract 

The Jurassic Bug Creek Formation in the subsurface of Mackenzie Delta between 68° N and 
68° 30' N exhibits the same north westward-thickening trend observed in the northern Richardson 
Mounta ins immediately to the west. The same members are present, the same southeastward 
loss of section below an unconformity within the formation and the same increased amount of 
sandstone relative to argillaceous rocks. Correlation of lower parts of the formation north of 
68°30'N is tenuous. This is due in part to an apparent change of facies of a glauconitic sandstone 
unit that serves as an important marker in the southern wells. Subsurface thinning of the entire 
formation approaching 69° N does not have equivalent expression at the surf ace because 
exposures do not extend that far north. 

The writer has spent two field seasons studying the Bug 
Creek Formation of northern Richardson Mountains. This 
report was written to show that the major results of the field 
work apply equally well to the subsurface of the Mackenzie 
Delta immediately to the east (Figs. 8.1 to 8.3). Also, an 
attempt has been made to cor re late some of the units 
northwa rd as far as Reindeer Channel (Fig. 8.1 ). Although 
the present interpretations a re based on independent study of 
the Jogs and samples of the we lls by the writer a nd are 
primarily lithological in character, they nevertheless have 
been influenced by the previous interpretations and micro­
paleontological data available. 

'b '' L 69° 

?! 
~ 

The Bug Creek Formation was originally desc ribed by 
Jelet zky (1967), with its type section at Bug Creek (Fig. 8.1). 
This description a nd subdivision of the formation is app licab le 
reg ionall y, a lthough additional members are present fart her 
basinward (west a nd north) and an unconformity that was 
recognized within the formation by Jeletzky (1967) has been 
relocated higher in the succession. These major results of 
fieldwork were summarized in brief preliminary reports 
(Poulton a nd Callomon, 1976; Poulton, 1978). Detailed 
documentation of the st ratigraphic and biostratigraphic data 
is in preparation. 

The Bug Creek Formation and its weste rn a rg il laceous 
equivalent, the Kingak Formation, considered together, form 
a e lastic package in the northern Richardson Mountains that 
becomes thic ker, proportionally ri cher in a rgillaceous rocks, 
a nd more co mple t e, to the north and west (Fig. 8 .2). Two 
major sandstone units within this package form the basis of 
correlation with the subsurface units of the Mackenzie Delta. 
These are the upper sandstone member, and the lower part of 
what Jeletzky (1967) called the intermediate sa ndstone 
member. The lithological cor relation of these units over the 
e ntire northern Richardson Mountains and adjacent 
Mackenzie Delta area should not be taken as evidence of 
synchroneit y, or of physical continuity from one outcrop or 
well to a nother as a singl e depositional unit. 

The upper sandstone member is nearly everywhere a 
fine- to medium-grained quartz-rich sandstone, distinguished 
from sandstone units above and below by it s characteristic 
light brown colour. It is most com monly very well sorted and 
tightly cemented with si li ca . Finely dispersed "limonite" 
gives the rock its colour, at least in large part. The grain 
size decreases to silt-grade in the northernmost interpreted 
occurrence of the unit near Reindeer Channel (Kugpik 0-13). 

N 

j 
t Kugp1k 0-13 

0 

0 

-t Beoverhouse Creek H-13 J 

I 

r 68° 

Figure 8.1. Index map, northeastern Richardson Mountains 
and adjacent Mackenzie Delta area, showing 
isopachs (in metres) of Bug Creek Formation, and 
locations of stratigraphic sections, wells, and 
cross-sections A and B (Figs. 8.2, 8 .3). 
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Figure 8.3. Stratigraphic cross-section B (of' Fig . 8.1), western Mackenzie Delta (gamma ray-sonic logs). 

The second sandstone that se rves as a recognizab le 
ma rke r unit comprises the lower, strongly glauconitic par t of 
a sequence which, together with disconformab ly overlying 
Upper Ba jocian sandstones in the type section of th e Bug 
Creek Formation, Jeletzky (1967) called the inte rmediate 
sandstone member. This sandstone unit is distinguished from 
other units throughout most of the northern Ri cha rdson 
Mountains by its high glauconite content and the abundance 
of red-brown ferruginous beds a nd pa t ches . It is recognizab le 
by these c riteria in tho se wells (Aklavik F-58, A-37; Na poiak 
F-31; Beaverhouse C reek H-13) imme dia t ely east of the 
outcrop area. Farther north, the corr e la tion of this unit in 
the subsurface is tenuous because glauconite is not present in 
la rge quantit ies . He re, recognition of this unit is based on 
the presence of abundant fine grained (to si lt-grade) qu a rtz ­
rich sandstones of white t o light grey colour that dominate 
the inte rv a l be low what appears to be the upper sandstone 
member a nd above , at least in places (e.g. Kugpik L-1 3, 
L-24), Pa leozoic limestones . This sands tone is not readil y 
distinguishable from similar upper Pa leozoic(? ) sands ton e in 
some subsurface localities (e.g. Unak B-11) a nd this is also 
true in outcrop localiti es in the northern Ric ha rdso n 
Mounta ins. 

Othe r unit s of the Bug Creek Formation th at occur 
between these two sands tone units in the outc rop a rea a re 
undoubtedly present in the subsurface a lso but th ey a re less 
distinctive and, hence, less important as tools for co rre la tion. 

The Paleozoic strata lying immedia tel y below the Bug 
Creek Formation a re different from place to place, 
comprising limestone, sandstone, and sha le. This is a lso the 
case in th e northern Ric hardson Mountains wh e re a regiona l 
unconformity separa tes the two sequences . 

In the wells illustra ted (Fig. 8.3), the Bug Creek 
Formation is overlain everywhere by the Husky Forma tion. It 
is ma inly black shale, but contains significant interbeds of 
sandstone and sil t stone which vary greatly in their proportion 

and st ra tigraph ic position from place to place. For the most 
pa rt, these are strongly bioturbated argi llaceous sandstones . 
We ll-sorted sandstones occur low in the Husky Formation 
here and there, a nd in places (e .g. Unak B-1 l; Beaverhouse 
Creek H-1 3; Aklavik A-37, F-38) form th in coarsening-upward 
units near the base of the Husky that may represent 
reworking of sands of th e upper sandstone member of the Bug 
C reek Formation. 

The southward th inning of the Bug Creek Formation 
fro m Beaverh ouse Creek H-1 3 to Aklavik a rea shown in 
Figure 8.3 allows eastward extension of the facies a nd 
thickness trends ind icated by surface sections (Fig . 8.2) 
immediately a long strike to the southwest. The absence of 
glauconite as a corr e lation c riter ion and the thinning to the 
north from Beave rhouse Creek H-13 to Kugpik 0-13 do not 
have e xpress ion on the sur face, as t hese phenomena occ ur 
north of the northernmost Bug Creek outc rops . Together 
with the fining to silt grade of the upper sandst one member, 
they may indicate basinward c ha nges of facies a nd the 
presence of tectonostratigraphic e le ments that preclude 
extension of th e Bug Creek Fo rm a tion as suc h northward 
beyond th e lat itude of Reindeer Channel. The thin section of 
the Bug Creek Formation in Kugpik O· 13 and nearby we lls 
corresponds in location with the Cache Creek High, and may 
indicate deposition on, or erosion from it (F.G. Young, pers. 
comm.). Equivalent rocks exposed a long st rike to the 
south west do not, however, a ppear to have been significantly 
influenced by the Cache Creek High, wh ich had its main 
effect on you nger s trata. An a na logous thin successio n over a 
syn-Jurassic high has been recognized in the White Mountains 
a rea 50 km (approx. ) wes t of Jurassic Butte (Poulton and 
Callomon, l 976; Poulton, l 978). The re is no reaso n to think 
that the Bug Creek Formation is thin in Reindee r Channe l 
a rea due to shaling out, nor due to subsequent erosion as is 
the case west of Shallow Bay, if the writer's cor re lation of 
the sands tone unit s (Fig . 8.3) is co rrect. 
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South of Aklavik F-38, on th e up th rown side of a major 
north-northeast-south-southwest trending fau lt (Young et a l. , 
1976) the Bug Creek Formation is apparently entire ly absent 
(e .g . Aklavik F-17 well). Therefore Poulton's 0978, Fig . 2) 
extrapolation into this area of a transgression of Upper 
Bajocian or Bathonian rocks over Paleozo ic rocks beyond the 
limit s of lowe r Jurassic rncks is not valid. 
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Abstract 

The lower Carboni{ erous Windsor Group sediments were deposited in a wide embayment 
with a probable connection to an oceanic seaway to the east of the continental shelf of Nova 
Scotia. The stratigraphic successions of the lower Carboniferous in Atlantic Canada and in the 
central Appalachians of the United States are similar, and show a hiatus from the middle 
Tournaisian to the middle Visean (post-Horton/Pocono and pre-Windsor/ Greenbl'ier). 

The " Windsor Sea" flooded a wide basin which may have been below sea l evel base during 
the preceding hiatal episode. A subtidal, hyper sa line origin for the cryptalga l laminite at the 
base of the Windsor is suggested by its widespread distribution, by the absence of desiccation 
features, by the laterally persistent lamination and by its association with a sub tidal and possibly 
euryhaline fossil assemblage. Stagnation of the "Windsor Sea" led to extensive precipitation of 
gypsum, fallowed by halite in areas of accelerated subs idence and potash salts in distal 
embay ments. 

Upper Windsor sedimentation was controlled by differences in the rate of subsidence and 
the rate of fine grained, elastic supply. An equilibrium of the two variables produced detrital 
mudflat deposits and thin evaporites, whereas periods of increased subsidence resulted in 
widespread, normal marine carbonate deposition. 

Introduction 

Field work on the Lower Carboniferous Windsor Group 
in the Atlantic Provinces continued in 1977. The strati­
graphic framework of the Windsor Group in Cape Breton 
Isla nd (Geldsetzer, 1977) can generally be applied in northern 
Nova Scotia, southwestern Newfoundland and southern New 
Brunswick . Local modifications due to nearshore facies 
changes are necessary in some areas . 

Distribution 

A compilation of onsho re and offshore data (Fig . 9. 1) 
illustrates the wide distribution of Windso r Group sediments 
occupying a large portion of the Grand Banks, the southern 
half of the Gulf of St . Lawrence and part of the continental 
shelf northeast of Newfoundland . The dominantly marine 
aspect of these sediments necessitates a n oceanic connection 
during Windsor time. A new interpretation of paleomagnetic 
data by Ir vi ng (1977) positions easte rn North America 
adjacent to northwestern South America during the 
Carboniferous, with paleolatitudes ranging from the equator 
to 20 degrees south . A seaway probab ly separated eastern 
North Ame r ica from northwestern South Ame r ica and may 
have extended into western Europe . The "Windso r Sea" 
probably formed a wide embayment on the north s ide of such 
a seaway extending about 1400 km in an east-west direct ion 
at a paleolatitude of 5 degrees south and varying in width 
from 150 to 400 km . Seawater might have e nte red this 
embayment from the south, between the Grand Banks and the 
Scotian Shelf, or from the nor t heast, through a basement low 
on the Grand Banks (Fig . 9. 1) whi c h is be li eved to have served 
as a marine co nnection dur ing Jurassic time (J a nsa a nd Wade, 
1975) a nd may we ll have done so during Windsor time. An 
oceani c con nection to the west, th rough the Bay of Fundy, is 
unli kely. In southern New Brunswick the basal carbonates of 
the Windsor Group have a high terrigenous component and are 
sepa rated from the overlying evaporites by an eastward 
thinning wedge of red, fine to coarse e last ics . The evaporites 
contain a substanti a l amou nt of potash a nd th e upper Windso r 
grades westward into coarse, red, nonmarine conglomerates . 
These facies c hanges suggest that sou thern New Brunswick 
occupied a dista l pa rt of the "Windso r Sea" . 

The continental aspect of the upper Devonian rock 
recorded in the northeastern United States and eastern 
Canada indicates that the New England region remained a 
sou rce area throughout late Devonian and early Carboniferous 
time (Geldsetzer, 1971) contributing the detritus of inter­
montane deposits (Perry Formation; Horton Group) a nd of 
seve ral e lastic wedges along the centra l Appa lachians in New 
York and Pennsylvania (Catskill Group, Pocono Group a nd 
Ma uch Chunk Group). 

The dist ribution of Win dsor Group sediments shows that 
outcrop data come from the southwestern margin of the 
"Windsor Sea" in northern Nova Scotia and southeast ern New 
Brunswick, and from a smal l sect ion of the north-central 
ma rgin, in southwestern Newfoundland. This wou ld suggest 
that outcrop data may reflect relatively nearshore environ­
ments of deposition assuming that the present distribution 
coincides approximately with the original extent of the 
Windsor sedimen t s. This assumptio n is only partially valid 
because the lower Windso r Group is abruptly truncated due to 
e rosion a nd /or fau lting in southwestern Newfoundla nd a nd 
north-centra l Nova Scotia . The original extent of the upper 
Windsor strata is con jectural because they a re known to have 
over lapped the lower Windsor st rata. Erosion of the Windsor 
Group sedi ments had a lready begun during the hiatal ep isodes 
preceding the River sda lian and Pictouan depositional 
interva ls of Westph a lian A a nd C age respective ly, and the re 
are indications that Windsor sediments were partly removed 
as early as ear ly Namurian, preceding the deposition of Canso 
sed iments. 

Correlation 

A comparison of the lower Carboniferous strat igraphic 
successions to the east (Atlantic Canada) and west ( ew York 
a nd Pennsy lvania) of the paleo-Appalachian up land a rea shows 
that their sedimentological and tectonic development is 
s imilar . Even though the two regions a re different in their 
pa leogeographical setting (the sediments on the east having 
been deposited in a land-locked, trough-like embaymen t , 
whe reas those on the west spread onto a wide craton) they 
were affected by the same tec tonic pulses. The much less 
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Figure 9.1. Distribution of Windsor sediments (after Jansa and Wade, 1975). 

deformed, better preserved and hence better documented 
lower Carboniferous of the eastern United States is used to 
place the co rresponding strata in eastern Canada into the 
internati onal time-scale and to draw attention to the 
probable existence of a significant hiatus within the ear ly 
Carbonife rous (Table 9.1). 

The detrital basin deposits of the Horton Group 
correlate with the e lastic wedge of the Pocono Group, and 
the Windsor ca rbonates and fine e lasti cs are similar in age 
and litho logi c character to the Greenbrier Group (Loyalhanna 
Limestone) and. Mauch Chunk fine e lastics respectively . 

The Horton-Pocono correl atio n is based on floral data 
by Bell ( 1960) who confirmed earlie r work by White ( 1913). 
The Pocono Group grades to the west into marine elastics and 
ca rbonates which have been shown to be olde r than the 
Osagea n, or middle and upper Tournaisian (Caster, 1934). The 
Horton-Poco no interval is therefore probably of ea rly 
Tournais ian age . This has recently been confirmed by Hi ggs 
( 19 7 5) who compared spores from the Hor ton Group with lr ish 
sections and implied an age corresponding to the NV spore 
zone of Neves et al. (1972). 

The absence of middle Tournaisian to middle Visean 
(Osagean to middle Meramec ian) rocks above the Horton and 
Poco no e lastics appears to indicate an episode of widespread 
epei rogenic uplift cen tring a long the paleo-AppaJac hians and 
caus ing the adjacent regions of previous elastic deposition to 
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rise above base level. Farther west, in the Midcontinent 
a rea, fi ne e lastics and carbonates cont inued to accumulate 
during the Osagean, but c hanged to carbonate deposition 
during the Meramecian . A simi lar pattern of continued 
deposition has so far not been observed in A t!antic Canada. 

Rocks of the Windsor Group corre late well with th e 
uppermost Meramecian and lower Chesterian rocks of the 
Midcontinent a rea (St. Genevieve Limestone to Hornberg 
Group) based on both macrofaunal (Bell, 1929) and micro­
fauna l (Mam et, 1970) data . Renewed subsidence in Atlantic 
Canada (Windsor Group) affected as well the western flank of 
the Appalachian upland area, where uppermost Meramecian 
and Chesterian rocks (Greenbrier a nd Mauch Chunk Groups) 
rest on Pocono elastics . Both the upper Windsor and the 
Mauch Chunk are characterized by fi ne red elastics, implying 
that the Appalachian upland a rea had reached a relatively 
advanced stage of denudation . 

Windsor Stratigraphy 

Data on the Windsor Group were almost e ntir e ly derived 
from outcrops and onshore borehole co res a long the western 
periphery of the "Windsor Sea". The outcrop belt is, 
nevertheless, almost 600 km Jong and up to 150 km wide. The 
stratigraphic succession is remarkably consistent for the 
lower Windsor throughout this region, whereas the uppe r 
Windsor shows subtle regional facies changes. 
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The lower Windsor Group co nsists of thin basal ca r­
bonates overlain by generally massive evaporites, whic h in 
turn grade upsection into in t erbedded evaporites and thin, 
highly fossiliferous carbonates . The upper Windsor is a thi ck 
succession of mostly fine grained, red e lastics whic h are 
periodicall y interrupted by evaporites of thin fossiliferous 
ca rbonates (Fig. 9.2) . 

The lithologic characte r of the basal carbonates 
changes with the unde rlying rock type. Cryptalgal laminite 
(Mac umber Formation, A-1 Limestone, Ship Cove Limestone) 
overlies redbeds (Horton Group , Moncton Group, Grantmire 
Formation, Anguille Group), whereas biohe rmal accumu­
lations, generally dominated by brachiopods, gastropods, 
bryozoa and a lgae, overlie pre-Carboniferous baseme nt highs 
(Fig . 9.3-1}. 

The cryptalgal laminite is generally up to 15 m th ick 
a nd displays a distinc t vertical sequence throughout the 
Windsor outc rop belt . The basal one to two metres a re 
c ha racte rized by widely spaced algal laminae (5-10 mm) 
sepa rated by pellets which a re often inver sely graded . 
Howeve r, the bulk of the cryptalgal Jaminite (up to 14 m 
thic k) co nsists of thin laminae, gene ra lly Jess than l mm 
thick , with windblown, silt-size quartz grains or a lgal -coated 
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intraclasts between the laminae (Sc he nk, 1967). This upper, 
thinly la minated portion appea rs to consist of fil a mentous 
blue-green a lgae of the osc il la tori acean t ype , whereas the 
lower, pelletal sec tion appea rs to have been formed by a 
combina tion of osci llato riacean a nd coc coid blue -green a lgae . 
The la tter a re known to form pellets in situ by the 
calc ification of colonies of unicells (Monty, 1976). 

There is co nsiderab le evidence to suggest a subtida l 
origin for the cryptalgal Jaminite: 

a) The laminite is extremely widespread, at least 300 km 
a long a nd up to 60 km across the sed imenta ry s t rike . 
Both dim e nsions a re limited by a Jac k of additional 
outcrops rathe r than by fa c ies c hanges . Re la tively 
cohesive a lgal mats tha t could potentia ll y be prese rved 
a nd lithified into a crypta lga l Ja minite occur today only 
in the na rrow, high intertidal a nd supra tidal zones of 
hot and/o r ar id e nvironmen t s. The width of the basal 
Windso r lam init e surpasses the na rrow belts of modern 
intertida l zones by at least a n o rd er of magnitude . 

Howeve r, the Jamini te cou ld be th e resu lt of a 
regressing or tra nsgressing inte rt ida l facies. This would 
require that the rate of subsidence or emergenc e was 
maintaine d over a Jong period of ti me in orde r to 
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prevent the development of other carbonate fac ies. In 
the case of regression the laminite shou ld have over­
s tepped basi nward a subtida l facies, deposi ted prio r to 
the onset of regression . Howeve r , the la minite rests 
eve rywhe re on Horton e las tics or, ra rel y, on basement 
rocks . The case of tra nsg ression is discussed under (d) 
below, where the assoc ia tion of c r yp ta lgal laminite a nd 
subtida l fossil assem blages is evaluated. 

b) The basa l lam inite is devoid of desiccation c racks wh ic h 
a re com mon fea tur es in modern intertidal and su pra ­
tida J algal mats . 

c ) The lam inite is even ly lami nated whereas modern a lga l 
mats generally display a va riet y of mound - like growth 
forms in response to c hemical or ph ysical va riat ions 
wh ich a re pa rti cu la rl y abundant in the inte rtidal zone. 
The lack of va ri ous growth form s suggests uniform 
ph ysico-c hemica l condi tions in a low st ress, subtidal 
e nvironment during ear ly Win dsor time . 
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d) The la minite is associated with brachiopod-gas tropod­
bryozoa -a lga l assemb lages which accu mulated in si tu on 
baseme nt highs whi c h projected through the Horton 
e las t ics. These asse mbl ages we re of subtida l origin 
implying th a t the topographically lower laminit e was 
subtida l as we ll. 

If the c ryptalga l lamin ite were attributed to th e 
inte rt ida l-supra tida l zone of a slowl y t ra nsgress ing sea, 
it is ha rd to exp la in why the a lga l mats did not simp ly 
grow up the flanks a nd on top of the baseme nt highs, 
but left these ha bitats to fauna! communities. Thi s 
anoma lous patte rn could be ove rcome by quickly 
submerging the basement highs a fter the intertida l 
phase and , thus, c reat ing a favou rab le envi ronment for 
a subtida J fa una! com munit y. Th is so lution is theoreti ­
call y possible, but is thought unlikely in lig ht of th e 
ev ide nce li sted a bove, partic ularly th e abse nce of 
desicca tion featu res . 
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The widespread preservation of blue -green a lga l ma t s or 
other growth forms during the Pha nerozoic is mai nl y due to 
th e presence of hypersaline condi tions hostile to graz ing 
metazoa. Th is is the reason why blue-green a lgal mats a re 
prese rved in some modern intertidal e nvironments . Referring 
back to the basal Windsor carbonates , it must be assumed 
that the gastropods were confined to the basement highs due 
to an intolerable sa lini ty at deepe r wate r leve ls . ln fact, the 
sa lin it y of the seawate r at higher levels was probab ly also 
a bove normal because th e inve r tebrate com mun ities lack 
sa linit y-sensitive fo rm s such as c rinoids an d so litary corals . 
The ab rup t disappearance of pellets one to two met res above 
t he base of t he Jaminite may a lso be related to a dynamic 
pa rame t e r such as increasing sa linit y. 

The argument fo r hype rsali ni ty receives its ultimate 
confirmation near the top of the laminite where molds of 
gypsum crystals appear between the thin laminae. Jn many 
instances the la m inae pinch and swel l around the molds 
indicating that the gypsum formed diageneti cally during or 
shortl y after the growth of the lami nae . ln some boreho le 
co res and a few favou rable outcrops (F ischells River, 
Newfoundla nd; Edgetts La nd ing, southeastern New Brunswick) 
the cryptalgal Ja min ite grades upsection through lami ni te 
with gypsum molds, into lami nite wi th gypsum nodu les, into 
finely nodular gypsum and fina ll y in to bedded gypsu m or 
a nhydrite . These ver t ical facies changes appear to be related 
to a gradual increase in sali ni ty, causing gradually increasing 
growth of diagenet ic gypsum, which at a later stage replaced 
and di sp laced t he laminae . The tole rance level of blue-green 
a lgae was passed , and the last s tage was precipi tation of 
gypsum out of solution. The nodular texture in the t ra ns it ion 
zone from lam in ite to bedded gypsum has been inte rpreted as 
evide nce fo r inte r tidal-supratidal , Sabkha-type condi tions 
(Schenk, 1969). Howeve r , Dean et a l. ( 197 5) showed that 
nodula r gypsum can equally well fo rm unde r a st a nding body 
of water. Other associated parameters, such as the presence 
or abse nce of desiccation cracks, must be considered befo re 
a n e nvironmenta l inte rpretation is deduced from a nodu la r 
texture in gypsum . Therefore, du r ing early Windso r t ime 
subtidal conditions a ppear to have existed fro m the time of 
deposition of the Jaminite to th e time of gy psum 
prec ipita t io n. 

Conside rab le brecciation within the uppe r laminite has 
been co nsidere d as evidence for a period of emergence which 
preceded the deposition of evapo rites (G e ldsetze r , 1977 ). 
Additiona l field wo rk suggests , howeve r , that these breccias 
a re the result of post- Windso r dissolution of diagenetic and 
bedded evapo rit es . Ca lci t e vei ns in unbrecc iated c rypta lga l 
la m inite e nd ab ruptl y at an in te rbedded breccia ho ri zon or 
cavi ty, but continue in unbrecciated laminite above . 
La mini te fragments with ca lc ite veins a re randoml y ori e nted 
in the so lution breccia . Locall y the entire evapo r ite a nd part 
or a ll of the basal carbonate a re brecciated as fo r exam ple 
south of Ingonish and near Mabou Mines, Nova Scotia. 
Elsew he re the solution brecc ia occurs onl y along the 
la minite -eva porite contact zone as for example, a t Crystal 
Cliffs north of Antigo nish . A post -Windso r origin was also 
suggested fo r the Pem broke Breccia in the Windsor -Truro 
a rea of Nova Sco tia (Clifton, 1967). 

Evaporite deposit ion reached its cl imax during ear ly 
Wind sor time wi th the prec ipita tion of halite a nd potash sa lt s . 
Ha li te has been found in the pe riphera l a reas of the "Windsor 
Sea" as well as in the bas in prope r . The more so lubl e potash 
sa lts appear to be large ly restri c ted t o t he dista l, western 
portions of the basin, in southeastern New Brunswick . 

Further ex ploration for potash wi ll hopefully more 
c learly define the phys ical and che mical pa rame t e rs that led 
to the formation of potash hori zons. Is it possible t ha t these 
las t sa lt s preci pitated in distal embay me nts blocked off from 
t he basin proper by "a nh ydrite walls" which had formed 

earlie r in fro nt of suc h minor embay me nts and became 
physical barriers during the advanced stage of evaporative 
draw-down of the "Windsor" sea leveJ? Such anhyd rite walls 
have been identified by nume rous boreholes through the 
Permian Zechstein of Central Europe, whe re these walls 
became effective barriers be hind which salts were 
precipitated (Richter-Bernburg, 19 55 ). 

Th in, highly foss iliferous carbonat es appear in the 
uppermos t part of t he lower Windsor evaporites indicating 
that norm a l ma rin e cond it ions prevailed occasiona lly withi n 
the "Windsor Sea". A second drast ic lithological change was 
t he influx of fine red elastics, t he dominant lithology of the 
uppe r Windsor Group . The red e las tics are extensively 
rippl ed, locally contain gypsum a nd salt cast s or mo lds, a nd 
are rarely mudcracked . Occasional fossilife rous carbonate 
horizons have been used to subdivide the upper Windsor into 
fau na ! zones (Bell, 1929). In southwestern Newfoundland, the 
e lastic co mpone nt is characte rized by a la rge number of 
massive sandst ones, while in southeastern New Brunswick the 
enti re uppe r Windsor appears to grade to the west into a 
coa rse grained, red co nglomerate. 

Discussion 

The availab le ev idence suggests that the deposition of 
the basal Windsor ca rbonates took place in a subtidal 
e nvi ronment. The carbonates rest on a subae ri al e rosion 
surface which may have been be low sea level prior to th e 
time of ma rine tra nsgression . Data on the transport di rection 
of the unde rl ying Horton e lastics a re not yet avai lab le, but 
the presence of no nmari ne evaporites in the middle Horton 
Group (the Albert Formation of New Brunswick) suggests t he 
existence of a large basinal area with a n interior drainage 
(Kir kham, 1978). Tectoni c move ments or a eustatic rise of 
sea leve l may have resulted in the ab ru pt floodi ng of the sub­
sea level a rea a nd the es tab li shment of th e "Windsor Sea". 

The prese nce of a lgal beds a t the base of the Windso r 
Group req ui res that t he water depth in the peripheral a reas of 
this sea re mai ned within the phot ic zone, which may extend 
down to a depth of 1 OOO m for some algal groups, but for 
blue -green a lgae of the osc illato ri acean type the maximum 
depth observed so fa r is 25 m (Monty, 1977 ). Howeve r, a n 
accurate dete rmi nation of the depth ra nge of these a lgae in a 
normal mar ine e nvironment is probably severely lim ited by 
the graz ing activit ies of metazoa . lt is unlikely that the 
margina l areas of the "W indsor Sea" were not deepe r than 
25 m ove r distances of seve ra l hun dred kilometres. Water 
depth probab ly exceeded 25 m by perhaps as mu ch as a n o rder 
of magnitude in some a reas . No data a re known from the 
centra l portions of the "W indsor Sea". Therefore, esti mates 
of the wat e r depth duri ng ea rly Windsor time fo r an a rea suc h 
as the Grand Banks a re a matter of speculation . 

Asumi ng the depth range of the a lgal forms a t the base 
of the Win dsor was 250 m this depth wou ld st ill not have been 
sufficient to accommodate the thickest evaporite sections 
wh ic h exceed 350 m in areas suc h as southwestern 
Newfoundland, western Cape Breton Is la nd a nd in the 
Shubenacadie reg ion of Nova Scotia . These a reas must have 
subsided at an accelerat ed rate. an d may well have been 
topogr aphic depressions on the sea f loor idea ll y suited for the 
co llect ion of high-dens it y brines and the precipitation of 
ha lit e (Fig . 9.3-11). 

Dur ing late Windso r time the avail abi l ity of e las ti cs was 
suff ic ient t o keep pace with the rate of subs idence. 
Occas ional evapo r it e horizons probab ly fo rm e d in local 
depressions where the rate of subs idence t emporar il y 
exceeded the rate of e lastic suppl y. Periodic increases in the 
ra te of subsidence over the ent ir e regio n Jed to widespread 
marine t ra nsgressions over the shallow-water to subae ri a l 
mud flat s. These events temporaril y reduced the dispersa l 
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range of detrital material and led to the deposition of the 
fossiliferous marine carbonates which serve to subdivide the 
upper Windsor . A return to "normal" subsidence rates caused 
a total or partial regress ion of the sea, and mudflats once 
again became dominant. The source a rea for the fine e lasti cs 
was probably to the west because in southeastern New 
Brunswick the upper Windso r grades laterally into massive red 
co nglomerates which appear to be alluvial fanglomerates . 
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10. MINERALOGICAL STUDY OF AN UNNAMED BARIUM CALCIUM CARBON A TE 
FROM THE CAVE-IN-ROCK DISTRICT, ILLINOIS 

Project 680023 

A .C . Roberts 
Central Laboratories and Administrative Services Division 

Roberts, A.C., Mineralogical study of an unnamed barium calcium carbonate from the Cave-in-Rock 
District, fllinois; !.!2 Current Research, Part C, Geol. Surv. Can., Paper 78-lC, p. 49-52, 1978. 

Abstract 

A new mineral, nearly identical to alstonite, was discovered by X-ray powder diffraction 
methods in three sa mples which originated f rom the Cave-in-Rock district, fllinois, U !S! A! It occurs 
as colourless euhedral crystals about 1 mm long which display {221} pyramidal habit and a vitr eous 
lustr e. The hardness is between 4 and 4 1/ 2. It f luor esces pale to bright orange, and effer vesces in 
dilute HCl. The symmetry is hexagonal, space grf{up choices arJ3 P312, P32~. P3ml, P3lm , P3lm or 
P3ml; r efined unit cell parameters are a=8.692 (3) A, c=6.148 (4) A, V=402.24 A3

• 'I'he st rongest lines 
(A) of the X-ray powder diffraction pattern are 3.550 (100)(111), 2.5 10 (67)(300), 2.048 (21X221), 6.15 
(18)(001), 1.943 (18X302), and 1.853 (15)(113). Microprobe analysis (averaged) gave BaO 45.6, 
CaO 18 .8, SrO 5.2, C02 (calc.) 30.0 wt.%, cor responding to Bao . a122, Ca o.9e3 2, Sro.1'<73 (C03)2 or 
ideally Ba Ca (C03)2. The number of fo rmula weights per unit cell (Z) is 3 and the calculated density 
(Dx.) is 3.62. Optically, it is uniaxial negative with n =l. 527 (3) and '1 =1.672 (3). Pertinent data on 
alstonite are al so repor ted, particularly those data u~eful in distingwghing between the two mineral s. 
The crystallographic relationship suggests that they belong to a family of OD (order-disorder) 
structures of general composit ion Ba Ca (C0 3),. 

Introduc tion 

During an extensive study of aJstonite (Roberts, 1976), a 
miner al was found that cou ld not be identified by its X-ray 
powder diffraction pattern. The data r epor ted here ar e 
results from a mineralogical study of the mineral and are 
compared to aJstonite . 

Locality and Specimen Description 

The unnamed miner al, referred to as BA-1 in this repor t 
and in Roberts (1976), has been encountered in three samples, 
al l labell ed "Cave-in-Rock district, Ill inois, U .. A ." . The 
spec i fic locality is uncertain, but the spec imens probably 
originated from the Minerva Il l Mine . 

The largest specimen, measuring 11 by 10 by 5 cm, con ­
sists of cent imetr e-sized scaJenohedra of yellow calcite 
protrud ing from a matrix of massive to globular bar ite. BA-1 
coats the globular bar ite as thin layer s of coiourless, 
hexagonal pyramids. Associated phases inc lude dr usy aggre­
gates oi g1·ey alstonite, traces of purple fluo~ite and dark 
brown sphaler ite . The other two speci :nens consist entirel y 
of numerous c r ystal fragments of BA-1 without matrix. 

Morphological, Physical and Optical Properties 

BA-1 occurs as euhedraJ c r ysta l s, not exceedi ng l mm 
in length, with an approximate length to width ratio of 2: 1. 
The crystals are hexagonal and display { 221} pyramid al habit . 
Hexagonal dipyramids have been observed but are rare. The 
faces ar e heavily str iated normal to the ax is of elongation (c­
axis) and ar e divided parallel to the c-axis by a medial, 
irregular, sl ightly r eentrant "suture". 

The crystals are colourl ess to smoky white, grading to 
grey-white in masses, and have a v itreous lustr e. The streak 
is white; the hardness is between 4 and 4 1/2 ; the 
fluor escence var ies from pale to bright orange under Jong 
wave ultraviolet light; and the effer vescence is quite vigor ous 
in dilute HC J. 

The optical characterization of BA-1 is as follows : 
colourless in transmitted light, un iaxiaJ negative with n =1.527 

(3) and n = 1.672 (3). E 
(,j 

Crystallography 

Pyramids of BA-I were crushed , and selected fragments 
checked for mult iple reflections using the precession camera. 
Untwinned chi ps we r e subsequently run on precession and 
Weissenberg camera!/, by utili zing both Zr-flltered Mo radia­
tion (\MoKet=0.7107 A) and i-filtered Cu radiation (;\CuKa 
=t.5418A) . 

Single c rysta l photographs indicate that the symmetry 
of BA-1 is h15xagonaJ with measured ce ll parameters a=8.68 A 
and c=6.14 A. The hkO level photographs disp lay 6 mm 
symmetr y, wher eas hkl and hk2 level photographs show three 
fold sy mmetr y with a mirror plane co inc ident with a* . This 
implies that six space group choices ar e possible : P312 (149), 
P321 (1 50), P3m1 (156), P31m (157), P}Jm (162), and P}mJ (164). 
Least squares refin11,ment of the apprc;iximate ce ll parameters 
y ielded a=8.692 (3~ A and c=6 . 148 (4) A, with a com puted ce ll 
volume of 402 .24 A 3 • A fully indexed powder diffraction 
pattern is presented in Table I 0. J. 

Twinning 

Complete pyramids of BA- 1 are twinned, as shown on 
sing le c r ystal fi l ms. 

0 
The "a" cell parameter is doubled to 

approximatel y 17.40 A by the presence of medium to weak 
super cell reflections and the hexagonal 6 mm symmetry is 
r eta ined throughout the zero and upper levels. These 
diffraction phenomena due to twinn ing are not unexpected 
since the twin condition for hexagonal crystals states that a2

: 

c 2 must approach a rational number and the calculated ratio 
for BA- 1, 1.997 : I. OOO fu Jfills th is requirement perfec tly. 

Chemical Composition 

Colourless pyramidal aggregates of BA-I were hand­
p icked under a 50X binocular microscope, mounted in a 
polished section and submitted for electron microprobe 
analysis. Because preliminary energy dispersive spectra 
ind icated the presence of major amounts of Ba and Ca and 
m inor amounts of Sr, quantitat ive determinations for these 
elements were carried out with a MAC electron mic roprobe, 
using benitoite (Ba), calcite (Ca) and strontianite (Sr) as 
standards. Sample degradat ion was minimized by operating 
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Table JO.I 

Powder diffraction data for unnamed BaCa(C03)2 * 

I/lo 28meas. dA meas . dA calc. hk l 

2 11. 79 7 . 51 7.53 JOO 
18 J4.39 6 .1 5 6 .1 5 001 
3 18.64 4 . 76 4.76 JOI 

IJ 20 . 41 4 . 35 4 . 35 J 10 
100 25 . 08 3 . 550 3.549 J jj 

2 27 . 83 3 . 206 3 . 2JO 20 1 
3 29 . 03 3.076 3 . 074 002 

II 31 . 38 2.85J 2 . 846 J02 
5 34.75 2.581 2 . 582 211 

67 35.71 2 . 510 2.509 300 
I 37 . 97 2 . 370 2.381 202 
6 38 . 77 2 . 323 2.323 301 
9 41. 52 2 .175 2 .1 73 220 
8 43 . 39 2.085 2.088 310 

21 44 . 22 2 . 048 2.049 22 1 
3 45 . 96 I. 97 5 I. 977 311 

18 46 . 74 I. 943 I. 944 302 
15 49 .16 J.853 I. 853 113 

I 50 .76 I. 799 1.799 40J 
3 51 . 56 I. 773 I. 774 222 
2 53 . 01 I. 727 I. 727 320 
2 55.23 1.663 I. 663 321 
2 55.98 I. 643 l. 643 410 
2 57 . 43 I. 605 I. 605 402 

11 58 . 13 I. 587 I. 587 41 1 
I 60 . 25 I. 536 I. 537 004 
I 61 . 60 I. 506 1.506 104 
6 62 . 30 1.490 I. 49 l 223 
2 63.60 1.463 I. 463 501 
9 64 . 35 1.448 I. 449 330 
2 65.65 I. 422 I. 422 420 
2 66 . 30 I . 410 I. 4 10 33 1 
I 67 . 62 I. 385 I. 386 403 
l 69 . 55 1.352 l. 352 5 10 

2 71. 37 I. 32 1 {I . 321 323 
I. 320 511 

{I. 3J I 304 
8 72 . 04 I. 31 1 l. 310 332 
I 73.22 I. 293 I. 291 422 
6 73. 94 I. 282 I. 282 413 

l l 75 . 77 I. 255 l. 255 600 
{I. 238 5J2 

3 76 . 96 1.239 I. 238 430 
2 77 .64 I. 230 I. 230 005 

{I. 213 503 
2 78.79 J. 215 

I. 213 431 

*-11 4 . 6 mm Debye-Scher rer camera ; Ni fi lte red Cu Ka 
radiation; 

-line inte nsities calcu lated from d iffractomete r trace ; 
- indexed with a=8.692 f..., c=6.J4 8 /\; 
-film No . 48934 cor rected for film sh rinkage. 
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Table J0.2 

Co m par is on of unnamed Ba Ca( CO 3 h and 
a lstonite powder patterns 

Unnamed Ba Ca (CO 3) 2 Alston ite (ROM-M4872) 
Cave- in -Rock, 111. Northumberland, England 

(Th is Study) (Roberts, J976 ) 

I/ lo dA meas. I/ lo dA meas . 

2 7.5J 
18 6 .1 5 J 6. 12 

7 5 . 65 
J 4 .99 

3 4 .76 

l J 4.35 4 4 . 35 
J 4 . J 7 
l 3 . 88 

100 3 . 550 JOO 3.549 
5 3 . 461 

2 3 . 206 
3 3 .076 6 3 . 057 

ll 2 . 851 8 2 . 835 
3 2 . 687 

5 2.58J 3 2 . 583 
67 2 . 5JO 46 2 . 509 

JO 2.499 
J 2 . 370 J 2 . 375 
6 2 . 323 

3 2.290 
9 2 . J7 5 7 2 . J 78 

4 2 . J 55 
8 2 . 085 

21 2 . 048 26 2.052 
J 2 . 024 

3 l. 97 5 J l. 97 5 
J8 J. 943 25 I. 943 

I J. 900 
15 1. 853 19 I. 846 

I J.799 
3 I. 773 2 I. 772 
2 J. 727 
2 1. 663 I 1. 665 
2 I .643 2 J.643 
2 1. 605 

11 I. 587 8 1. 590 
I 1.536 2 l . 530 
I J. 506 
6 J. 490 3 I. 489 
2 J. 463 
9 J. 448 5 I. 450 
2 J. 422 
2 J. 4JO 
J J. 385 
J l . 352 
2 I. 321 
8 I. 3J l 6 I. 3J l 
J J . 293 
6 J . 282 4 1.283 

I J I. 255 3 I. 259 
3 l. 239 
2 I. 230 
2 l. 2 J 5 

2 I. 188 



Table 10.3 

Chemical compos ition of unnamed BaCa(C03)i and alstonite 

Unnamed Ba Ca (CO 3) 2 Alstonite (ROM-M4 872) 
Cave-in- Rock, 11linois Northumberland, England 

(Th is Study) (Roberts, 1976) 

wt.% molecu la r ratio wt. % molecular ratio 

Bao 45 . 6 0.2985 Bao 47 . 0 0 .3093 

Cao 18.8 0 . 3365 0.6854 Cao 20.2 0.3634 0.6902 

SrO 5 . 2 0.0504 SrO I. 8 0.0175 

C02 30 . 0 0.6844 C02 30.1 0 .6 90 1 
-- --

Total 99 . 6 Total 99.1 

Specific Composition*: Specific Composition*: 

Bao. a 7 2 Cao. 9 a 3 Sr o. i 4 7 (C03) 2 Bao. a 9 G Cai. o s 3 Sr o. o 3 i (C03 )2 

Molecular Weight: 292.14 Molecular Weight: 289.90 

Z: 3 Z: 12 

Dx: 3 . 62 glee Dx: 3. 60 glee 

*Calculated assuming 6 oxygen atoms per formula unit ce ll. 

Table 10.4 

Crystallographic parameters for unnamed Baa(C03)2 and alstonite 

SYMMETRY 

SPACE GROUP 

CELL PARAMETERS 

NUMBER OF FORMULA 

Unnamed BaCa(C0 3h 
(This Study! 

Hexagona l 

P312, P32i, P3ml, 
P31m , P}lm or P}ml 

a 8 . 692 OJ Ji. 
c 6.148 (4) /J... 

v 402.24 A3 

WE IGHTS PER UN IT Z 3 
CELL 

at 20 KV with a sample current of 0.03 mic ro-amps and using 
a beam of 20 microns diameter . Data were recorded at 20 
spots within two areas, then averaged and cor rected for 
matrix effects using an updated a nd modified version of a 
computer program written by Rucklidge and 
Gasparrini ( 1969). 

This particular sample was apparently homogeneous and 
contained t races of Fe, Mn and Mg, but all were less than 
0 .05 per cent . A chem ical analys is by the Penfie ld method 
indicated the complete absence of water, thus C0 2 was cal­
cu lated to sat isfy the values fo r sto ic hiometric BaC03, CaC03 
and SrC03. 

The averaged analysis was as follows : Bao 45 .6, 
CaO 18.8, SrO 5.2, C0 2 30 .0 wt.%. Calculated on the basis 
of 6 oxygen atoms this y ields the foJJowing formula : Bao . a 7 2 2, 
Ci\ 0.9032, Sro . 14 73 (C03)i or ideally BaCa(C0 3)i . The Sr 

Alstonite (ROM-M4872) 
(Robe rts, 1976) 

Tric linic 

P l or PT 

a 
b 
c 

17 . 38 'A 
17 .4o Ji. 
6 . 123 'A 

Ct "' 90 ° 
8 "' 90° 
y"' 120° 
v"' 1603.55 A3 

z = 12 

Alstonite 
(Sartori, 1975) 

Tricli ni c 

Cl or CJ 

a 
b 
c 

30 .1 4 'A 
11.40 Ji. 
6.12 'A 

Ct = 90 ° 
8 = 90° 
y = 90° 
v = 3209 . 55 A3 

z 24 

substitutes fo r both Ba and Ca, and apparently is non­
essentiaJ to the stability of the structu re. 

ThS! computed mo lecular weight (292.14) and volume 
(402.24 A), coupled with the measu red specific gravity 
(Dm =3 .75 glee) dic tated that there be 3 formula weights per 
unit cell. The calculated density (Dx) with Z=3 is 3.62 glee . 

This discrepancy between calculated and measured 
densities is unsatisfactor y and must be att r ibut ed to barite 
impu r ities present in the hand-picked sa mples submitted to 
Berman balance density measu rements. There a re two 
reasons fo r this contention: 

J) Quantitat ive energy dispersive analysis of the pyramida l 
c lusters submitted for microprobe analysis clearly indi­
cated several zones adjacent to the unnamed carbonate 
for which only Ba and S spectra were observed . 
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2) Debye-Scher re r powder diffract ion patterns of severa l 
optically homogeneous py ra m ids revealed severa l med ium 
to weak Jines with d-spacings correspond ing to the 
stronger ref lections of bar ite . 

Comparison with Alstonite 

Alstonite is an anhydrous bar ium, calc iu m carbonate 
which has recent ly been inde pendent ly re -examined by Sa rtori 
(1975) and by Rober ts (1976) . Both st udies c lear ly established 
the true symmetry as tr icl inic, even though the si ngle crystal 
patterns displayed special types of non-space grou p a bsences 
as well as several pseudo-symmetr ical c ryst a llogra phic cells. 
To account fo r these pecu li arities, Sartori ( J 97 5) suggested 
that a lstonite belongs to a fam il y of OD (order-disorder ) 
structu res of which it is an ordered membe r . Roberts (J 976) 
noted the crystallogra phic a nd chemica l simila r ities that 
exist between alstonite and BA- 1, a nd proposed that t hey be 
considered as polymo r phs of BaCa(C03 )2. 

The chemical resu lts summar ized in Table 10 .3 indicat e 
that the specif ic compositions, mo lecu la r we ights, a nd calcu­
lated densities are very nea rly identical. Whether the excess 
st rontium in BA- J is cha racteris tic is unknown, ow ing to t he 
l imited number of specimens ava ilable fo r study . Neverthe­
less, the chem ical identity of the two phases is c lear ly 
evident. 

Because alstonite and BA- 1 are morp hologicall y a nd 
ph ys ically ind istinguishable (Robe rts, J 976) as weJJ as being 
chemically analogous, sophisticated methods such as optica l 
m ic roscopy, X- ray powder diffraction a nd X-ray single 
c rystal are necessary to reliably dist inguis h one from t he 
other. Optically , alston ite is biax ia l negative w ith a 2V of 7°, 
whereas BA- 1 is uniax ia l negative ; he nce they are dist ingu ish­
able if a favourab le or ientation is ava ila ble . Routine 
identif icat ion by X-ray powder diffraction may be 
acco mplished by using two sim ple cr iter ia : 

1) intensity variation of the 001 reflect ion at or near 6. 12 A 
(st rong fo r BA- 1, weak to a bsent for alstoni te); 

2) identification of a dif fr action line at 5.6 A (medi um to 
medium weak fo r alstonite, complete ly absent fo r BA-1). 

A comparative Listi ng of a ll front reflect ion d-spacings a re 
given in Tab le J0 .2. Note that many of the stronger 
ref lections a re common to both pat t e rns, suggesting a 
st ructu ral resemblance, especial ly for t he heav ie r atoms . 
Nevertheless , st ruc t ural uniqueness is obv ious whe n all the d­
spaci ngs are taken into accou nt. 
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This st ructu ra l affi ni ty is si mila rly pronounced in 
selected s ingle cryst a l photographs . The most intense 
d iffraction nodes on hkO photographs , related to the ba rium 
and calcium atoms, a re identical in d istr ibut ion and intensity 
fo r both phases. On ly when the weaker nodes, representative 
of t he carbonate groups, a re taken into account does t he 
structural divergence become readi ly apparent. The unit cell 
parameters, summar ized in Table 10 .4, may be corr elated as 
foll ows: 

a A BA-J "' J/2 a A alstonite (Robe rts, 1976) 

b A BA-J "' J /2 b A a lstonite 

c ABA-J"' cAalstonite 

VA BA- J"'J/4 VA a lstoni te 

Sa rtor i ( J 97 5) proposed that a lstoni te, which displays 
t r ic lin ic symmetry, is a n ordered member of a fa m ily of OD 
st ructures with gene ra l compos ition BaCa(C03)2 . From the 
fo rego ing discuss ion, it seems reasonable to in c lude BA-J, 
whi ch displays hexa gona l sy mmetry, within t he sa me group as 
a disord e red member. Confi rmation of this hypothesis must 
awa it deta il e d c rystal str uctu re deter minations of both 
mine ra ls. 
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BANKS ISLAND, DISTRICT OF FRANKLIN: A PRELIMINARY INTER PRETATION 
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Vincent , Jean-Serg e, Limits of ice advance, glacial lakes and marine transgressions on Banks Island, 
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Abstract 

Three glaciations with associated marine and glaciolacustrine phases on Banks Island are 
recognized for the first time. The oldest (Banks Glaciation) affec t ed all but the north west part of the 
island; glacial lakes Egina and Storkerson were formed during deg laciation. Ice of the Thomsen 
Glaciation of pre-Sangamonian age covered the south and east and flowed down Thomsen River 
valley. Associated with it are glacial lakes Parker and Dissection in the northeast and a marine 
transgression, the Big Sea, which fa l lowed the ice during deglaciation and inundated much of western, 
central, and eastern Banks Island. The youngest, or Amundsen Glaciation, of probable Early or Middle 
Wisconsinan age involved two icelobes that impinged on the east and southwest coasts cr eating glacial 
lakes Raddi, Masik, Rufus, De Salis, Cardwell , and Sar{ arssuk at their lim it. Ice of the Viscount 
Melville Glaciation, possibly equivalent to the Amundsen Glaciation and probably also of Wisconsinan 
age, impinged on the north coast and cr eated glacial lakes Ballast and Ivitaruk. The East Coast 
Submergence, which inundated the east coast up to 120 m, may be equivalent to the Meek Point Sea 
that covered the west up to 20 m; both possibly r elate to Early or Middle Wisconsinan deglaciation. 
The Schuyter Point Sea of Late Wisconsinan - Holocene age drowned the east coast up to 25 m and is 
possibly a transgression that occurred in an icefree area . Sand Hill s Readvance in Thesiger Bay and 
Russell Readvance on the northeast coast are possib ly late r eadvances of Amundsen and Visc ount 
Melvill e ice, respectively. 

Reconnaissance mapping of surficial deposits (Vincent, 
1978a) and stra tig raphic investigat ions (Vincent, 1978b) gave 
new insight into the sequence of Quaternary e vents . The 
extents of several ice advances are recogni zed and delineated 
for the fi rst time along with inundations by glacial lakes a nd 

by the sea. For eas ie r desc r iption t he different glac ial, 
glac.iolacustrine, and marine events are named . The study 
a rea is shown in Figure 11 . 1. 

Previous Work 

The glaciation of Banks Island has been investigated by 
few authors, a nd they have attempted only to de lineate the 
extent of the latest ice advance. Hobbs (1945) showed a 
bounda ry for "Wisconsin" ice cross ing the island northeast­
ward from Thes iger Bay to Parker Point as marked by chains 
of lakes on the island. Jenness (1952) drew a s im ilar line but 
indicated that it marked the li mit of "continental" ice. He 
also surmised that nor thern Banks Island was untouched by 
continen tal ice but possibly was subjec ted to local glaciation 
a nd t hat the glacial history of the western portion was 
uncertain. Following the work of Fyles (1962), an ice limit 
for the "last" or "c lass ical Wisconsin" was drawn on the 
Glacial Map of Canada (Prest et a l., 1968), showing t hat 
southern a nd eastern Banks Is land as well as the extreme 
north of the island along M'Clure Strait was glac iated du r in g 
the la test Wiscons inan stade . The remainder of the is land is 
shown as having been glaciated ent ire ly in pre-"Wisconsin" 
time. 

Figure 11.1. Map showing study area . 

Glacial Limits 

Major textural differences in tills, stratigraphic 
relationshi ps, and well defined ice- marginal featu res permit 
the delineation of a boundary for th ree main glaciations and 
two readvances (Fig . 11.2). The tills of each glaciation 
contain Precambrian erratics from the mainland, probably 
from the District of Keewatin. While this does not ru le out 
the possibility of local ice caps on the island, no evidence for 
such glaciation has been found. The glacial limits depict 
areas t hat show c lear evidence of glac iation an d generally are 
thought to represent the maximum extent of a n ice sheet. In 
some cases, the ice may well have extended farther than 
these li m its leaving little evidence. 
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The oldest glacial event, herein named the Banks 
Glac iation (Fig. 11.2), is the most widespread glaciation of 
known ex tent recognized on Banks Island . It deposited a 
c layey till, derived mainly from the fine textu red underlying 
unlithified or poorly lithified Cretac eous and Tertiary 
format ions . The till, which is not very stony but contains 
ma inland erratic s, is found over most of Banks Island either 
at the surface in interfluve a reas in the west or in sections 
below younger glacial and nonglacial sediments in the east . 

The defined limit in northwestern Banks Island 
corresponds to the Jim it of the clayey till, whereas the 
a ssume d limit approximately marks the edge of a dissec ted 
area west of Desert Creek whe re sparse evidence of 
glac iat ion exists . The till that is widespread over the 
southern portion of northeastern Banks, as well as the till on 
high ground north of Nelson Head in the south, is believed to 
have be en deposited during this glaciation . The high a nd 
dissecte d area east and northeast of Mercy Bay shows little 
evidence of glaciation except for sparse erratics, but it may 
have been covered by nonerosive ice or the erratics may be 
evidence of an earlier glacial episode . 

The northwest part shows no evidenc e of glaciation 
apart from rare erratics and c hanne ls which may be glacial in 
origin. Hence, it is uncertain whether that area was ever 
covered by ac tively moving ic e or if it was overridden by the 
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Figur e 11.4 

Map showing the limit of Banks Glac iation 
and the extent of glacial Lakes Egina and 
Storker son . 

Banks Glaciation or an older unrec ognized glaciation of which 
little evidence remains . There is no information regarding 
the age of the Banks Glaciation except that its sediments are 
thought to be overlain by deposits of at least two full 
.interglac ia tions. 

Thomsen Glaciation 

The Thomsen Glaciation (named here) overrode large 
areas of southern and eastern Banks Island with a lobe 
channelled a long Thomsen River valley (Fig. l 1.2). At its 
northern extremity .it separated .into two smaller lobes, 
flowing down int o Mercy and Castel bays on each side of an 
upla nd. Sandy ti ll containing mainland erratics was deposited 
during this glaciation, which apparently was influenced by 
marine and glaciolacustrine bodies of water discussed below. 

At the northeastern tip of the island the glacial Jim it 
corresponds to the limit of sandy til l. Ice may have occupied 
M 'Clure Stra.it, but there is no c lear evidence for t his . In the 
southern por tion of the Devonian plateau which extends 
throughout northeastern Banks, the limit is marked by several 
well defined ice-contact featu res. East of Thomsen River the 
ice was confined by bedrock scarps, and the boundary is set at 
the approximate Jim it of glacial erosion and deposition . West 
of Thomsen River the limit is defined by the extent of the 
sandy ti ll and by moraines, kames, and c hannels. In the 
southern part of the island the extent of Thomsen Glaciation 
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is taken to be that of the sandy till. In the upper reac hes of 
Big River the ice may well have extended farther north, but a 
marine submergence has washed and reworked the till 
surfaces, and dissection of large areas by meltwater makes it 
difficult to define the limit. 

On the basis of available stratigraphic and ch ronologic 
(amino acid dating) data, the Thomsen Glaciation is bel.ieved 
to be younger than the Banks Glaciation and older than the 
presumably Wisconsinan Amundsen Glaciation. 

Amundsen Glaciation 

The Am und sen Glaciation (named here) is defined as the 
result of two lobes emanating from Amundsen Gulf 
(Fig. l 1.2). The Prince of Wales Lobe , flowed along Prince of 
Wales Strait impinging on the east coast of Banks Is land and 
the west coast of Victoria Isla nd; the Thesiger Lobe extend ed 
into Thesiger Bay and lapped onto the southwest coast of the 
island. The limit of these lobes is similar to that shown on 
the Glacial Map of Canada (Prest et a l., 1968) except that the 
extent of Wisconsinan ice in the south as shown in Figure l 1.2 
is restr icted to a more southerl y position. 

The Amundsen Glaciation resulted in the depos.ition of a 
moderately stcny, generally thin ( < l .5 m), very calcareous , 
pinkish grey silty till conta ining mainland erratics. The silty 
nature is due to thick sequences of fine marine sediments 
over which the ice moved. The glacial limit corresponds to 
the extent of the till which is cha rac terized by high-centred 
polygons (Fig. 11.3). 

On the basis of amino acid ratios of shells from marine 
deltas, this glaciation occurred during Wisconsinan time. 
Evidence pertaining to marine inundation (discussed below) 
indicates that Amundsen ice may not have been present on 
Banks Island in Late Wisconsinan time . It may well be of 
Early or Middle Wisconsinan age. 

Viscount Melville Glaciation (=Amundsen Glaciation?) 

The Viscount Melville Glaciation (Fig. l 1.2) is herein 
defined on the basis of a sandy till a nd ice-contact ridges that 
were deposited on the north coast by ice (M'Clure Lobe) that 
flowed westward in M'Clure Strait from Viscou nt Melville 
Sound (and Victoria Island?) . The fo rmer existence of this 
body of ice in M'Clure Strait is shown on the Glacial Map of 
Canada (Prest et al., 1968) a nd was reported by Fyles (1969) . 
This earlier work suggests cor relation of Viscount Melville 
and Amundsen glaciations; however data available from the 
present study neither confirm nor deny this interpretation. 

Sand Hills and Russell Readvances 

Southeast of Sachs Harbour, well developed, "young 
looking", morainic topography extends along the coast of 
Thesiger Bay for a distance of a bout 25 km (Fig. 11 .2). The 
terrain is under lain by ice-contact gravelly deposits as we ll as 
a bouldery sand till containing blocks of sed ime ntary and 
basic rocks of the Proterozoic Glenelg Formation which 
outcrops to the south . This system is believed to have been 
constructed by a local readvance (Sand Hills Readvance) of 
ice in Thesiger Bay at an undeterminate time following the 
initial retreat of the Thesiger Lobe during the Amundsen 
Glac.ia tion . 

At the northeastern extremity of the island (Fig. 11.2), 
between Passage Point and Parker Point, is a ridge composed 
of deformed, fine grained marine(?) sediment that has been 
deeply dissected since deposition. A readvance (Russell 
Readvance) of Viscount Melville ice over marine mud could 
account for t h.is feature. 

Glacial Lakes and Marine Transgressions 

Several distinct bodies of marine or fresh water were 
associated with the various glaciat ions of Banks Is land . 
Except for Lake Ballast and the Meek Point Sea, all we re 
recogni zed as a resu lt of cu rrent surficia l geology mapping, 
and a ll a re depicted here for the first time. 

Water Bodies Associated with Banks Glaciation 

A large area of northwestern Banks (Fig. l 1.4) was 
inundated by glacial Lake Egina which was impounded 
between a southeastward-retreating ice front and high ground 
to the north. The history of the lake is complex due to the 
shifti ng ice front configuration, the dissected nature of the 
terrain, and the large number of outlets . Initial lake phases 
correspond to outlets at about 200 m that permitted drainage 
towards M'Clure Strait. As the ice retreated, new, lower 
outlets were uncovered to permit drainage either towards 
M'Clure Strait via Thomsen River drainage or towards the 
Beaufort Sea via small st reams on the western side of the 
lake . Eventually Lake Egina drained when ice retreat 
permitted free drainage into Bernard River . 

Glacial Lake Storkerson is a small body of water 
(Fig. 11.4) which was dammed between high ground to the 
north and the ice front. The out let was at about 135 m 
elevation, and water flowed towards the Beaufort Sea via 
Storkerson River and one of its northern tributaries. The lake 
drained when the ice reached a position where flow into 
Bernard River system was possible. 

Water Bodies Associated with Thomsen Glaciation 

Marine waters submerged western, central, a nd eastern 
Banks Isla nd up to 2 l 5 m e levation during Thomsen 
Glaciation. As this inundation was most extensive in the 
valley of Big River, among others, it is herein named the~ 
Sea (Fig. 11.5, 11.7). 

The sea extended inland as the Thomsen ice retreated 
southeastward and inundated large areas of eastern Banks 
Island . Mainly in this eastern part, thick sequences of 
widespread stratified, deep water marine sediments were laid 
down . During fina l st ages of regression shell-bearing deltaic 
sediments were deposited. Figure 11.5 shows the known and 
approximate extent of the Big Sea, and with the aid of 
isoJines, gives a n idea of the maximum e levation of the sea. 
Also indicated are a few locations of sediments containing 
shells that give amino acid ratios suggesting a pre­
Sangamonian age . These determinations are c rucial because 
they suggest that Thomsen Glaciation predates the 
Wisconsinan and further that the only glacial events that 
could be Wisconsinan are the Amundsen and Viscount Melville 
glaciations and the Sand Hills and Russe! readvances. 

The Big Sea was the most extensive marine inundation 
and it accordingly reflects the presence of a large ice load. 
Consequently it should be possible to corre late this well 
documented, high leve l sea with other high !eve! seas in the 
arctic islands . 

Glacial Lake Parker (Fig. 11.5) in the northeast was 
dammed between the ice front to the east and southeast and 
high ground to the west. The lake inundated extensive a reas 
of the southern and eastern portion of the Devonian plateau. 
Bedrock surfaces were washed bare and fine grained g!acio­
lacustr ine sediments, first noted by Fyles (1962, p. 8), were 
laid down and still are preserved locally in most valleys that 
dissect the plateau. The initial outlet, a well defined, deeply 
incised c hannel in fine grained Cretaceous sediments, was at 
an alt itude of about 245 m on the divide between Thomsen 
River and Parker River basins. What happened to the water 
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on t he western side of the divide is not clear because ice 
probabl y occupied Thomsen valley; perhaps water drained into 
glacial Lake Dissection and then foun d a way to the sea along 
the ice margin. 

The ice li ke ly retreated, in a n eastward direction, 
glacial Lake Parker fol lowed the ice, drai ning through 
success ively lower outlets and eventually emptied into 
Viscount Melville Sound. 

Glacial Lake Dissection (Fig. 11.5) was a small lake 
dammed in a tributary by t he Thomsen Valley ice lobe. Its 
ou tlet is not evident and may have been along the ice marg in. 

Water Bodies Associated with Amundsen Glac iation 

The Sarfarssuk La kes (Fig . 11.6) were small glacial 
lakes da mmed between the Prince of Wales Lobe to the south 
and high ground to the north . These small, short-Ii ved lakes 
drained eastward via t ribu taries of Thomsen River, possibly 
into Lake Ivitaruk disc ussed below. Other glac ial lakes ma y 
have exis t ed a long the margin of the ice lobe in nor theastern 
Banks Is land, but they a re not recogni zed easi ly s ince they 
would have inundated a reas in most part previously occ upied 
by glac ial Lake Parker. For example, a glacia l lake must 
have e xis ted in the lower Parker River drainage basin when 
ice from the Pr ince of Wa les Lobe stood in Viscoun t Melvi lle 
Sound. 

Glacial Lakes Masik , Rufus, and Raddi were dam med in 
Masik, Rufus, and Sachs Rive r basins (Fig. 11.6) when the 
Thesiger Lobe of the Amundsen Glac iation stood ·in Thes ige r 
Bay. Glac ia l Lake Rufus inundated the lower Rufus River 
basin up to a bout 260 m and probably drained eastward into 
Nelson River. Glacial Lake Masik inundated la rge parts of 
the Masik River a nd Atitok River basi ns up to about 230 m. 
Lake Masik drained northwards via a c hannel across the 
d ivide between Masik River and Sac hs River basins, proba bl y 
into a shallow glac ia l lake dammed in the Sachs River basi n 
east of modern Raddi Lake. This shallow lake, glacia l Lake 
Raddi , dra ined into the Kellett Rive r system and thence into 
the Beaufort Sea. 

Glaciolacustrine deltas were bu ilt into the southern 
portions of Lakes Rufus and Masik at the mouths of glac ial 
me ltwater c hanne ls of the Prince of Wales Lobe . The 
presence of these deltas is extremely important because they 
indicate without doubt that ice was present both in Thesiger 
Bay a nd over east e rn Ba nks Is land at the same time. 

East Coast Submergence . Along the eastern coast of 
Banks Island (Fig. 11.6), from Nelson Head to near the 
northeaste rn tip of the island, a well defi ned continuous 
trimline c uts into the till deposited by the Prince of Wales 
Lobe. This trimline var ies a few metres above and below 
120 m, except in the uppe r Cardwell Brook and De Salis River 
basins where it is d istinctly higher . The higher trim lines a re 
thought to have been fo rmed by glacial lakes da mm ed 
between the marg in of the ret reating Prince of Wales Lobe 
a nd highe r ground to the north. Glacial Lake Cardwell 
(Fig. l l .6) in the upper Cardwell Brook drained westward at 
a n elevation of about 245 m into Glacial Lake De Salis 
(Fig . 11.6) in the upper De Salis River. This glacial lake, 
stand ing at a bout 200 m, in turn drained north into the Big 
R iver drainage system . 

Apart from the glac iolacustrine trim lines noted above, 
it is uncertain whether the 120 m trimline fou nd e lsewhere 
a long eastern Banks Island (Fig. 11.6) is glaciolacustrine or 
ma rine. Along the east coast the t ill surface below 120 m has 
been wave washed (Fig . 11.3), but no distinct shore featu res 
such as ra ised beaches or deltas resulted. No she lls have been 
fou nd in the cou rse of numerous foot traverses ac ross the 
a rea . Thi s problematic water body inundating the east coast 
to 120 m is na med the East Coast Submergence, and its 
marine or glac iolacustr ine origin is not specified. 

A glac ia l lake could have been impounded by the ice as 
it retreated downslope, but it is diff ic ult to explain t he 
regul a rity of the trimline in such a situation because 
a ltitudinal variations in levels re lated to the ice front 
configuration would be expected. Alternatively the 
inundation cou ld have been ma rine a nd could re present ra pid 
upl ift at the time of deglac iation. If this were the case, the 

Table 11.l 

Rad iocarbon da t es - Schuyter Point Sea 

Site No. Laborator y Uncorrected c ''c Correc ted Dated Location Approx imate Geo logica l Co ll ector a nd Re ferences 
(see Dat ing No. Age Age Mater ia l Eleva t ion 1 En vironment Year of 

Fig . I 1.6) (years B.P . ) (yea rs B.P. ) (m ) Co llection 

I GSC - 2545 II 100± 100 +I. 4 II 200 ± I 00 Hiatella 72°02' I 5" N 2 1 Sub! i ttora l fi ne J-S . Vincent 
arc tica 120° I 5'45"W sands 1977 

2 GSC - 2413 II OOO± 400 +I. 5 II OOO± 400 Hiatella 73° I 3'30"N 16 Poorl y def ined J -S . Vincent 
arctica 116° 37'00"W strandl ine deve l- 1975 

oped on old (pre-
\Visconsinan) mar ine 
s ilts 

3 GSC- 49 JO 920 ± 100 Hiate lla 7 1° 24'N 15- 18 Surface of J .C. Fy les Dyck and 
arc tica 12 1 °26'\V gulli ed c lay 1960 Fyles ( 1963) 

4 GSC-1 437 10 600 ± 270 Hiatella 73°46'N 85-88 Surface of D . M. Barnett Lowden a nd 
arc tica I 16°02 '\V poss ibl y ice thrust 1970 Blake ( 1973) 

fine mar ine 
sedi ments 

5 GSC- 2633 10 500 ± I I 0 Hiatella 72°02 '50"N 10 Sublittora l f in e J -S . Vincent 
arc tica 120° 14'1 5"W sands 1977 

6 GSC- 2099 10 200 ± 170 -0 . 4 I 0 200 ± 170 Hiatella 73°00'50"N 8 Poorl y strati fi ed J -S . Vincent 
arc tica I 17° 33'00"W su bl ittora l si lts 197 4 

a nd sands 

1Elevations measured by aneroid barome ter. 
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Figure 11. 7. Air photograph of an area on the west coast just south of Storkerson Bay showing the upper trim line 
of the Big Sea ( .JJLiu) and of the Meek Point Sea (JJ.....LL.). The area is underlain by Beaufort Formation 
sands and gravels and by a veneer of deposits from the Banks Glaciation. Apart from small islands 
that protruded out of the Big Sea, the whole area has been extensively washed and reworked by the 
seas. Part of photograph Al7053-15, National Air Photographic Library, Department of Energy, 
Mines and Resources, Ottawa. 

East Coast Submergence either could represent a higher 
Schuyter Point Sea (discussed below) or cou ld be a separate 
mar ine event associated with the Amundsen deglaciation . Of 
the th ree hypotheses, the last is favoured. 

Schuyter Point Sea. Along the east coast (Fig. 11 .6), 
below approximately 25 m, prelittoral sediments, locally 
shell -bearing, and poorly developed raised beaches occur 
(Fig. 11.3). The body of water responsible for the deposition 
of these sediments is called the Schuyter Point Sea; a list of 
the sites where samples were collected and dated by the 
radiocarbon method is given in Table 1 I.I. The dates 

generally indicate a progressive lowering of relative sea level 
between 11 200 and 10 200 years ago. Site 4 is problematic 
because of its high a ltitude; the sheJls may have been 
emplaced here by ice thrusting related to the RusseJJ 
Readvance. 

The Schuyter Po int Sea, whose sediments overlie till 
developed by the Prince of Wales Lobe of the Amundsen 
Glaciation, likely did not abut an ice margin on Banks Island . 
As suggested previously, it may represent a later phase of the 
East Coast Submergence or it may be a totaJly separate event 
resulting from glacio-isostatic depression by Late 
Wisconsinan ice that did not reach Banks Island. 

61 



Water Bodies Associated with Vi scou nt Melville Glaciation 
(=Amundsen Glaciation ?) 

Glac ial Lake Ballast . As the M'C lure Lobe stood 
against the nor thern coast of Banks Is land , lakes were 
dammed in valleys to the south . Glacia l Lake Ballast 
(Fig. l I.6) drowned a portion of Ballast Brook valley to over 
90 m elevat ion . The presence of a lake in th is area was first 
established by Fyles (1969, p. 195) a nd was disc ussed in more 
det ail by French ( 1972). The initial dra inage of the lake was 
probabl y towa rds Beaufort Sea via a channe l on the west side 
of Ballast Brook valley. As t he ice retreated northward a 
lower outlet, at approximately 60 m, init ially cut as a 
me lt water channel, came into operation. Glac ial Lake 
Ballast dra ined into M'Clure Stra it when ice had retreated to 
a more northerly position. 

Glac ial La ke Ivitaruk. To the east of Lake Ballast, 
glac ial Lake Ivitaruk (Fi g. l I. 6) al so was created by t he 
M'Clure Lobe. This lake inundated, to a n e levation of about 
90 m, extensive areas of the north coast as well as a major 
porti on of Thomsen Ri ver drainage basin . Lakes Ballast and 
Ivitaruk were not init ially in contact with each other, since 
the por tion of the ice margin east of Ball ast Brook prevented 
contiguity . The lowest point whe re the water cou ld have 
been evacuated is situated on the divide between Thomsen 
and Bernard r ivers at an alti tude of a bout 90 m a long a 
st ream informally named "lvita ruk" River . At the head of the 
"lvitar uk" a well defined channel, used as a meltwater 
channe l during the Banks and/or Thomsen glaciations, exists 
a nd is assumed to have served as the outlet fo r the glacia l 
lake . As the M'Clure Lobe receded, the contigu ity of glac ia l 
Lake Ballast and Lake Jvitaruk was made possible. At th is 
time the level of Lake lvitaruk dropped about 30 m since it 
was by now able to use the out let of Lake Ballast a t 60 m 
e levat ion . Fina l drainage to M'Clure Strai t occurred as the 
ice retreated to a sufficiently northerly position. 

Meek Point Sea 

Craig and Fyles (1 960, p. l 0) noted that a low ma rine 
shore li ne occ urred locall y on the west coast of Banks Is la nd. 
Th is shoreline (Fig. l 1.6) now has been mapped, a nd the body 
of water responsible fo r it has been te rmed the Meek Point 
Sea. The shoreline, usuall y marked by a well developed scarp 
(Fi g. l I.7) a nd locall y by poorl y developed beach ridges , 
stands around 15 to 20 m. Patches of fine grai ned sediments 
also were found seaward of the shore line, but no she ll s were 
observed in them. 

The Meek Point Sea has been correlated tentatively 
with the Amundsen Glaciation (Fi g . 11.6), but its age is not 
known precisely. The Meek Point Sea is obviously younger 
than the Big Sea associated with the Thomsen Glaciation and 
its t ri mline appears to cut glacial deposits of the M'Clure 
Lobe. This same shoreline a lso may truncate glacial 
sed iments of the Thesiger Lobe west of Sachs Harbour . These 
relationshi ps make the age of the submergence equal to or 
you nger than that of the Amundsen Glaciation . Moreover, 
the morphology of its la ndforms suggests a longer period of 
mass wasting compared to that on t he a rea submerged by the 
Sch uyt er Point Sea. It is hypothesized, therefore, that the 
Meek Point Sea correlates with the East Coast Subme rgence 
a nd that both bodies of water existed during the retreat of 
Amundsen ice , possibly in Ea rl y or Middle? Wisconsina n time. 
The Sc huyter Point Sea then would be a se pa rate 
transgression of Late Wisconsi na n age that occurred in an 
ice-free area . Incidenta lly, this situation would duplicat e 
that on southern Somerset Is land described by Dyke ( 1978). 

Conclusion 

An attempt has been made to identify a sequence of 
Quaternary glaciations a nd inundations from the com plex 
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morphost ra tigraphy of Banks Island . Cor re lations a re 
tentative a nd are likel y to be a ltered as new data become 
available. 

Ba nks Is land appears to record more major episodes 
spanning a longer time period than other a reas in the 
Canadian Arctic, hence the implicat ions on the regional 
Quaternary history a re numerous. It should be possible to 
defi ne refe re nce stratigraph ic units which c ould be used to 
correlate events controll ed by the mai nland ice sheets with 
t hose occurring elsewhere in the Arctic . 
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Abstract 

Dinoflagellates can be utilized to distinguish the Ringnes Formation from underlying and 
overlying formations in the Sverdrup Basin and to correlate it with its equivalents in the subsurfac e. 
Psaligonyaulax dualis, Horologinella spinosigibberosa, Pareodinia borealis, Sirmiodinium grossii, 
Lanterna saturnalis and Pareodinia capillosa are characteristic of the Ringnes Formation and are 
indicative of a late Oxf ordian to Kimmeridgian age. The latter two species occur only in the upper 
part of the formation and extend into the overlying formation. 

Introduction 

Balkwill et a l. (1977) erected the Ringnes Formation for 
a widespread conc retionary sha le which outcrops in the 
Sverdrup Basin. The formation is distinguishable from the 
underlying Savik and overlying Deer Bay formations by the 
presence of large calcitic and side ritic mudstone concretions 
(l.5 - 2 m in diameter) and a lighter toned aspect in outcrop. 
The basal beds are defined as the lowest occurrence of large 
yellow buff concret ions which li e conformabl y on the Savik 
Formation . The formation top is placed at the uppermost 
li mit of the concretionary shale which may be gradational 
over a few metres into the Deer Bay Formation. The 
fo rmat ion is underlain by the Wilkie Point Formation and 
overlain by the Mould Bay Formation on Prince Patric k 
Island. Marine macrofossils (mainly Buchia) and foraminifers 
indicate a late Oxfordian to Kimmeridgian age for the 
for mat ion. 

Because of the wide area l extent of this unit in the 
su rface sections, its identification is of major importance for 
correlations in the subsurface . Correlation by lithologic 
c r ite ria and macrofossils in the subsurface is hampered 
because both are destroyed by drilling . Furthermore, the unit 
is not distinct on electric logs. Therefore, a detailed 
dinoflagellate study was undertaken in order to cha racterize 
it palynologically and to ascertain if it could be distinguished 
from underlying and overlying units by this technique . 

Upper Jurassic palynology of the Sverdrup Basin has 
been discussed by Johnson and Hills (1973), who described 
Toa rc ian to Volgian dinoflagellate assemblages from the 
eastern Sverdrup Basin. Brideaux and Fishe r (1976) described 
the taxonomy, biostratigraphy, and geographic distribution of 
the Upper Jurassic to lowermost Cretaceous dinoflagellate 
asse mblages of northern Canada and the Sverdrup Basin. 
Pococ k (1976) presented a pre li minary dino flagellate zonation 
of the uppe rmost Jurassic to lowermost Cretaceous 
(Tithonian to Albian) app licable in part to the a rea. 
Va n He iden (1 977) cor related Toarcian-Bajocian dino­
flagellate assemb lages with ammonite faunas from the Wilkie 
Point Formation on Prince Patrick Island . 

These papers provided an ove rview of the taxonomy and 
biostratig raphy of dinoflagellates within the area. However, 
at the time of their publication the Ringnes Formation had 
not been defined a nd therefore no attempts have been made 
previously to identify dinoflage llates which may be useful in 
its ide nti fication in the subsurface. 

To ascertain the dinoflage llate biostratigraphy of the 
Ringnes Formation, four sections were measured and sampled 
(Fig . 12 .1 , 12 .2). These included one section on Mackenzie 
King Island (77 °48'N, 112 °20 'W), two on Prince Patrick 

(76° 29'N, 117°45'W; 77°34'N, 118°30'W) and one on Melville 
Island (76°22'N, I 15°30'W). On Mackenzie King Is land 13 
samples were taken from the Ringnes Formation which is 
45 m thick (Fig. 12 .2, 12.3). Four samples were taken from 
the Melville Is land section where the formation is app roxi­
mately 35 m thick. Eleven samples were taken on the eastern 
side of In t repid In let where the formation (65 m thick) is 
underlain by white sand of the Wilkie Point Formation and 
overlain by the Mould Bay Formation . In addition, samples 
were taken from the underlying Savik and Wilkie Point 
formations and the overlying Deer Bay and Mould Bay 
formations in order to characterize biostratigraphic changes 
if they occurred. 

Macrofossils collected during this study included Buc hia 
concentrica (Sowerby), Cardioceras sp., Rasenia sp . aff. R. 
orbignyi (Tornquist), gast ropods, belemnites and bivalves. 
According to H. Frebold and J .A. Jeletzky (unpublished GSC 
reports) these fossils are indicative of an Oxfordian to 
Kimmeridgian age. Their stratigraphic occurrence is 
indicated on Figures 12.3 to 12.6. 
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Figure 12.1. Index map of the western Arctic Islands showing 
the location of measured and sampl ed secti ons. 
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Formation on the basis of dinoflagellates. 

Dinoflagellate Biost ratigraphy 

The dist ributions of dinof lagellates encounte red in this 
study are summarized on Figures 12.3 to 12.6. Eac h formation 
is cha rac terized by its own assemblage. 

The Savik Formation is charac teri zed by the fol lowing 
taxa: Gonyaulacysta jurassica (Deflandre, 1938) Norris a nd 
Sarjeant, 1965 ; Gonyaulacysta jurassica subsp . longicornis 
(Deflandre, 1938) Lentin and Wi ll iams, 1973; Gonyaulac ysta 
cladophora (Deflandre, 1938) Dodekova, 1967; Acanthaulax 
sp. ; Meiourogonyaulax sp.; and Tenua pilosa (Eh renbe rg, 1843) 
Sa rj ean t , 1968 . Most of these disa ppear at the base of the 
Ringnes Formation. 

The important taxa fo r ide ntifica t ion of the Ringnes 
Format ion a re: Psaligonyaulax dualis Brideaux and Fishe r, 
1976; Pareodinia borealis Brideaux and Fisher , 1976; 
Sirmiodinium grossii Alberti, 1961, emend, Warren, 1973; 
Pareodinia ceratophora Deflandre, 1947, e mend, Goc ht, 1970; 
Horologinella spinosigibbe rosa Br ideaux and Fisher, 197 6; 
Pareodinia capillosa Brideaux and Fisher, 1976; and Lanterna 
saturnalis Brideaux and Fisher, 1976 . 

The Deer Bay (= Mould Bay) Formation is c haracterized 
by: Glabridinium apatelum (Cookson and Eisenack) Brideaux, 
1977; Sirmiodinium grossii; Gonyaulacysta longicornis; 
Prolixosphaeridium sp .; and the continued occurrence of : 
Lanterna saturnalis, Pareodinia borealis, and Pareodinia 
capillosa. 

Age and Correlation 

The macrofossi l evidence for the age of the Ringnes 
Formation has a lready been stated and therefo re the 
following disc ussion is restri c ted to dinoflagel late evidence. 
According to Br ideaux and Fishe r (1976, p. 29, Fig . 13) the 
lowest oc cu rrenc e of the borealis assemblage , cha racteri zed 
by the presence of Psaligonyaulax dualis, Pareodinia borealis 
and Horologinella spinosigibberosa , is of late Oxford ian age. 
The presence of Lanterna saturnalis, Pare odinia capillosa, and 
Gonyaulacysta longicornis at the top of the Ringnes 
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Formation is indi cative of middle to late Kimmeridgian age . 
The refore, the evidence indicates tha t the Ringnes Formation 
is of late Oxfordi a n to ea rl y Kimmeridgian age on Mac ken z ie 
King and Melville islands, a nd late Oxfordian to la te 
Kimmeridgian age on east Intrepid Inlet, Princ e Patric k 
Island. 

Strata from the uppe r pa rt of a unit mapped as Wilkie 
Point on west Intre pid Inlet, Prince Patrick Island by Tozer 
and Thorsteinsson (1 964) contain Psaligonyaulax dualis, 
Sirmiodinium grossii, Horologinella spinosigibberosa, 
Pareodinia borealis, P. ceratophora, and P. ceratophora 
subsp . scopaeus (Sarjeant) Lentin and Williams, indicating it 
c an be co rrelated on the basis of these dinoflagellates to the 
Ringne s Formation (Fig . 12 .2, 12 .6). 

Figure 12 .7 (modified from Brideaux and Fisher, 1976) 
illust rates that the charac teristic dinoflagellates of the 
Ringnes Formation are re cognizable in the subsurface as the 
borealis assemblage a nd ca n be used for subsurfac e 
c orrelation in the Sverd rup Basin . 

Species List and Comments 

The taxonomy of the dinoflagellates listed will be 
published a t a later date . 

l. Acanthaulax sp. 

Proximate cyst with a covering of spines on the 
pe r iphragm. It occurs only in the Savik Formation, 
Mac kenzie King Island. 

2. Chytroeisphaeridia chytroeides (Sarjeant, 1962) 
Davey, 1977 

The type spec ies C. chytroeides was re-examined by 
Davey (1977) and the arc heopyle was fou nd to be 
prec ingu lar in position instead of apica l. 
Chytroeisphaeridia chytroeides encounte red in t his 
s tudy appea rs to have a n arc heopyle formed by the loss 
of a single prec ingular paraplate . The archeopy le 
appears to be apical in some spec imens because they 
a re broken dur ing prese rvation. 



Figure 12.3 

Lithology and strat igraphic distribution of 
dinoflagellates in the Mackenzie King 
I sland section . 
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Figure 12.4 

Lithology and stratigraphi c distribution of 
dinoflagella tes in t he Melvill e Island 
ser:t ion . 
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3. Chytroeisphaeridia pocockii Sarjeant, 1968 

4. Chytroeisphaeridia sp. (Plate 12.1, fig. 1, 2, 3) 

This proximate cyst is ovoidal to egg-shaped in out li ne, 
with a slight apica l prominence. The antapex is 
broadly rounded and smooth . The periphragm is 
smooth, without any indication of paratabulation. 
Arc heopy le prec ingular , with a distinct notch in some 
spec imens, operculum free. 

5. Ctenidodinium ornatum (Eisenack, 1935) Def landre , 1938 

A common species occurring in the Savik Formation 
shale on Mac kenzie King Island . 

6. Dichadogonyaulax sp . cf. D. stauromatos Sarjeant, 1976 

Two specimens we re observed with a n epicystal 
a rcheopy le, a nd the parasutures marked by low r idges 
consisting of spines . Dichadogonyaulax Sarjeant is 
probably a junior synonym of Ctenidodinium 
Deflandre. The presence of pa racingula r crest in 
Ctenidodinium is not a suffic ient character for generic 
diffe rentia tion. 

7. Ellipsoidic tyum cinctum Klement, 1960 

8. Glabridinium apatelum (Cookson and Ei senack , 1960) 
Brideaux, 1977 

9. Gonyaulacysta areolata Sarjeant, 1961 

10. Gonyaulacysta cladophora (Deflandre, 1938) Dodekova , 
1967 (Plate 12.1, f ig . 4) 

11 . Gonyaulacysta jurassica (Deflandre, 1938) Norris and 
Sar jeant, 1965 (Plate 12 . 1, fig . 5) 

The upper limit of the range of G. jurassica in this 
area is early Oxfordian, being succeeded by 
Psaligonyaulax dualis which ranges from late 
Oxfo rdian to Kimmeridgian. An apical pe ricoel can be 
observed in most specimens of G. jurassica. 

12. Gonyaulacysta jurassica subsp . longicomis (Deflandre, 
1938) Lentin and Williams, 1973 (Plate 12.1, fig. 6) 

The subspec ific charac ter appears to be the longer 
apical horn, longer than 1 /3 the cyst length . 
Apparen tl y, thi s subspec ies has a stratigraphic range 
similar to G. jurassica. 

13. Gonyaulacysta longicomis (Downie , 1957) Sarjeant, 1969 
(Plate 12. 1, fig. 7) 

14. Horologinella spinosigibberosa Brideaux and Fisher, 1976 
(Plate 12. 1, fig . 8) 

Spec imens ra nge in length from 30 µ m to 58 µ m and 
bea r spiny to coa rsely granulate ornamentation. An 
angular apica l a rc heopy le can be seen in some 
specimens. 

15. Lantema satumalis Brideaux and Fisher, 1976 
(Plate 12.1 , fig . 9, 12) 

16. Meiourogonyaulax sp. (Plate 12.1, fig . 11) 

Proximate cyst, ovoidal in outline, with distinc t 
paratabulation, 4', Oa, 6", 6c , 6'", ? lp, l"", outlined by 
low parasutural ridges. Paracingulum is helicoid, 
laevorotatory. Pe riph ragm smooth to fi nely granu late. 
Apical archeopy le with operculum often a ttac hed. 
Dimensions : Maximum diameter; 76 to 92 µ m 
(15 spec ime ns). 

17 . Nannoceratopsis pellucida Deflandre, 1938, emend. Evitt, 
1961 (Plate 12.1, fig. 10) 



Figure 12.6 

Uthology and stratigraphic distribution of 
dinoflagellates in the west Intrepid Inlet 
section, Prince Patrick Island. 

18. Paragonyaulacysta sp. (Plate 12.2, fig. 1, 2) 

19. 

20 . 

This species is similar to P. calloviense Johnson and 
Hills, in shape, size, and the possession of low 
parasutural ridges. The most obvious difference is in 
the character of their surface ornamentation. P. 
calloviense has a smooth periphragm, whereas 
Paragonyaulacysta sp. has granulate to very fine ly 
reticulate ornamentation. Paragonyaulacysta sp. has a 
third apical and a third ante rior intercalary plate, with 
paratabulation formula of 3 ', 3a, 611

, 6c, 6111
, lp, 11111

• 

The difference in the ornamentation may have specific 
significance or be the result of preservation, or due to 
e nvironmental variations. According to Johnson and 
Hills (1973), P. calloviense occurs in lower Callovian 
sed iments, but the presence of Paragonaulacysta sp. in 
the Ringnes Formation (late Oxfordian ea rly 
Kimmeridgian age) may indicate two possibilities: 

a) the specimens were reworked from eroded 
Callovian strata; or 

b) Paragonyaulacysta ranges into the Kimmeridgian. 
Because only three spec ime ns were encountered, the 
writers suspect the former is probably true. 

Pareodinia borealis Brideaux and Fisher, 1976 
(Plate 12 .2, fig . 5) 

Pareodinia capillosa Brideaux and Fisher, 1976 
(Plate 12.2, fig. 6) 

The hair like processes on the periphragm, 
cha racte ristic of the species , are not present on some 
specimens. Thi s may be due to preservation facto rs. 
However, Wiggins (1975, pl. 4, fig. 6-9) showed that 
other species of Pareodinia may also have hair like 
processes on the periphragm. One of the diagnostic 
features of P. capillosa in th is study, is the prominent 
an tapical prominence. 

21. Pareodinia ceratophora Deflandre, 1947, e me nd. Gocht, 
1970 (Plate 12.2, f ig. 3) 

77 · TRW SECTION 

? BATH " CALL. I LATE OXHARLY KIMM AGE 

WILK IE POINT 

NO MACROFOSSIL OCCURRENCE 

FORMATION 

MACROFOSSILS 

THICKNESS (M ) 

LITHOLOGY 

PALYNOLOGICAL SAMPLES 
(GSC Locality Nos. ) 

SPECIES LISTI NG 

Psaligonyaulax dualis 

Sirmiodinium grossii 

Pareodinia borealis 

Pareodinia ceralophora scopacus 

Horologinella spinosigib berosa 

Pareodinia ceralophora 

Scriniodinium crysl al/inum 

Nannocera l opsis pellucida 

Clenidodinium sp. 

Dichadogonyau/ax sp. 

Chytroeisphaeridia ch ytroeides 

Ellipsoidicytum cinctum 

Conyaulacysla iurassica 

22. Pareodinia ceratophora subsp. scopaeus (Sarjeant, 1972) 
Lentin and Willi am, 1973 (Plate 12.2, fig . 4) 

23. Pareodinia sp . cf. P. osmingtonensis (Sarjeant, 1962) 
Wiggins, 1975 

24 . Psaligonyaulax dualis Brideaux and Fisher, 19 76 
(Plate 12 .2, fig . 7, 8) 

The stratigraphic succession of this species over G. 
jurassica is very important for correlation in ea rl y/late 
Oxfordian. Most specimens of P. dualis show distinc t 
apical and antapical pericoe ls. 

25. Scriniodinium crystallinum (Deflandre, 1938) Klement, 
1960 

26 . Sirmiodinium grossii Alberti, 1961, emend . Warren, 1973 
(Plate 12.2, fig . 9) 

The occur rence of S. grossii in the Savik Formation 
extends its range into the early Oxfordian or older. 
Previously, it was reported only from the 
Kimmeridgian (Brideaux a nd Fisher, 1976, p. 29, 
fig. 13). In these Jurassic specimens, the outline of the 
cyst is ovoidal to slightly pentagonal. Trilobate forms 
were not encountered. There may be an important 
co rre lation between variation in shape and 
st ratig raphic dist ribution . Warren (1973) made a 
morphological distribution study from the uppermost 
Jurassic (Tithonian) to lower Cretaceous (Valar.g inian) 
fo rm s and interpreted the oscillato ry trends as being 
due to iterative evolution. From the obse rvations in 
this study, we can make a generalization fo r the 
Sverdrup Basin that in the Oxfordian, most of the 
specimens are ovoidal and in the Portlandian, the 
dominant shape is pentagonal, wi th the trilobate forms 
characteristic of the lower Cretaceous. 

27. Tenua pilosa (Ehre nberg, 1843) Sarjeant , 1968 
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Figure l. 

Figu re 2. 

Figure 3. 

PLATES 

In the explanat ion of figu res illustrated, the spec ies na me is 
fo llowed by the GSC (ISPG) locality numbe r, section numbe r 
(e.g . 76-WP2A), slide number (e .g. T86- l/5 ), stage co-ordina t es for 
Wild microscope No. M20- 68036 at the De pa rtm ent of Geo logy, 
University of Calgary (e .g. 942/385 ), th e GSC f igu red specimen 
number and mag nificat ion. P.C. refe rs to Phase Contrast illu mi na­
tion . Distance between ve rtical bars is 50 µ m. The figured speci­
mens are stored at the Institute of Sed imentary and Petroleum 
Geology, Calgary, Canada. 

Plate 12.l 

Chytroeisphaeridia sp . C-7900 1, 76-WP2A, T86-2/5, 812/465 , GSC-58341, 
X400 . 

Chytroeisphaeridia sp . C-79001, 76-WP2A, T86-2/ 5, 664/342, GSC-58342, 
X400, P.C. 

Chy troe isphaer idia sp . C- 7900 1, 76-WP2A, T86-3/5, 818/354, GSC-58343, 
X700, P.C. 

Figu re 4. Gonyaulacysta cladophora (Deflandre ) Dodekova, C-79001, 76-W P2A, T86-2/5, 
734/289, GSC-58344, X400 . 

Figu re 5. Gonyaulacysta jurassica (Deflandre ) No rris and Sa rj eant, C- 7900 1, 76-W P2A, 
T86-2/5, 664/458, GSC-58345 , X400 . 

Figu re 6. Gonyaulacysta jurassica subsp . longicornis (Deflandre ) Lentin and Williams, 
C- 7900 1, 76-WP2A, T86-4/5, 910/3 19, GSC- 58346, X400 . 

Figure 7. Gonyaulacysta longicornis (Downie ) Sar jeant, C-79016, 76-WP2A, T93 -3/ 5, 
855/449 , GSC-58347, X400. 

Figu re 8. Horologinella spinosigibberosa Brideaux and Fisher, C-790 13, 76-WP2A, 
T91-4/5, 943/344, GSC-58348, X400 . 

Figure 9 . Lanterna saturnalis Brideaux and Fisher , C- 790 17, 76-W P2A, T95 - 2/5, 
81 6/357 , GSC-58349, X400, P.C. 

Figure l 0. Nannoceratopsis pellucida Def landre e mend. Evitt, C-79001, 76-W P2A, 
T86-3/5, 920/364, GSC-58350, X400. 

Figure 11. Meiourogonyaulax sp. C-7900 1, 76-WP2A, T86- 2/ 5, 756/469, GSC-5835 1, 
X400. 

Figure 12. Lanterna saturnalis Brideaux and Fishe r, C-790 17, 76 -W P2A, T95-3/5, 
800/368 , GSC-58352, X400, P. C. 
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Plate 12.2 

Figure 1,2 . Paragonyaulac ysta sp . C-79004, 76-WP2A, T26 - l/5, 894/380, GSC - 58353, 
X400 (Fig. 2 - P.C. ). 

Figu re 3. Pareodinia ceratophora Def la ndre emend . Gocht, C- 79001, 76-WP2A, 
T86- 2/5, 947 /358, GSC-58354, X700 . 

Figure 4. Pareodinia ceratophora subsp . scopaeus (Sa rj eant) Lent in and Williams, 
C-79002, 76-WP2A, T87-3/5, 756/345, GSC- 58355, X700. 

Figure 5. Pareodinia borealis Brideaux and Fishe r , C- 790 13, 76- WP2A, T91-2/5 , 
732/447, GSC - 58356, X700. 

Figure 6. Pareodinia capillosa Br ideaux and Fisher, C- 790 l 5, 76-W P2A, T92 -4/ 5, 
762/459, GSC - 58357, X400, P. C. 

Figure 7. Psaligonyaulax dualis Brideaux and Fisher , C-79013, 76- WP2A, T9 1- l/5, 
782/352, GSC-58358, X400, P. C. 

Figu re 8. Psaligonyaulax dualis Brideaux and Fisher, C-79013, 76- WP2A, T91 -l /5 , 
687 /444, GSC - 58359 , X400. 

Figure 9. Sirmiodinium grossii Albe rti emend . Wa rre n, C- 7900 1, 76- WP2A, T86 -5/5, 
890/398, GSC-58360, X400 . 
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- ,___ Pareodinia borealis sp. nov. 

Horo log1nella - spinosigibberosa sp. nov. 

Endoscriniu m lundum 

- - Psa ligonyaulax sp. of Gitmez. 1970 

- Gonyaulacysta granuligera 

Pareodmia capillosa sp . nov. 
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-- - Gonyaulacysta jurassics 
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- - - Gonyaulacysta cladophora 

- Nannoceratops1s pelluc1da 

Figure 12.7. Dinoflagell ate distribution in the Elf Jam eson C-31 well with the dinoflagellate assemblage characteristic of the 
Ringnes Formation delineated (modified from Brideaux and Fisher, 1976). 
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Tipnis, R.S., Early Middle Ordovician conodonts of North Atlantic Provinc e from northeastern 
Ellesmere Island, Arctic Canada; in Current Rese arch, Part C, Geol. Surv. Can., Paper 78-lC, 
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Abstract 

An early Middle Ordovician North Atlantic conodont fauna from the Franklinian 
Miogeocline includes the first record of Pygodus from Arctic Canada. The finding is consistent 
with the previously noted restriction of conodonts of the North Atlantic f aunal Province to strata 
marginal to the North American craton. 

Introduction 

Barnes (1974-) pointed out the c lose similarity of the 
Ordovician conodont faunas of the Franklinian miogeocline to 
those of the Midcontinent. Nowlan (1976) supported this 
conc lusion but recognized two incursions of North At lanti c 
conodonts; the first in the late Canadian to earliest Middle 
Ordovician when elements of Oepikodus communis (Ethington 
and Clark), became abundant, and the second in the Late 
Ordovician when elements of Amorphognathus and Periodon 
flourished. 

This note provides evidence for the presence of North 
Atlantic forms in lower Middle Ordovician beds of the 
Franklinian miogeocline, and for the first time records the 
occurrence of Pygodus in the Canadian Arctic region. 

Occurrence of Conodonts 

The co nodont fauna under conside ration was recove red 
from samples collected from Judge Daly Promontory 
(Fig. 13.1), about JO km east of the head of Ella Bay at 
81°05.7'N, 69°24-.3'W (UTM Zone 19 X; 9903800 N, 4-93200 E) 
by H.P . Trettin who reports as follows : 

"The conodonts occur 16 to 32 m above the base of a 
4-0 m thick unit that is composed mainly of massive lime 
wackestone with minor amounts of slaty, silty and argil­
Jaceous lime mudstone. The wackestone contains abundant 
echinoderm fragments and lesser amounts of micritized or 
recrystallized ostracodes and bryozoans; coated grains an d 
peloids a re a lso common. 

"The limestone over lies the Hazen a nd underlies the 
Imina, two formations that normal ly succeeded each other in 
this region without intervening carbonates. The Hazen 
Formation is composed of resed imented carbonate deposits 
ranging in grade from lime mudstone to boulde r conglomerate 
and ·da rk grey mudrocks and radiolarian chert beds both 
containing a spa rse graptolitic fauna . The fo rmation was 
deposited in progressively deeper slope and bottom envi ron­
ments of the Hazen Trough. The fossi l locality lies close to 
the southeastern facies boundary of the formation whe re it 
grades into shelf carbonate deposits of the miogeocline . The 
Imina Formation consists of elastic sediments with flysch-Jike 
primary structures and was deposited by sediment gravity 
flows in submarine fan and bottom environments of the Hazen 
Trough. 

"Fossil co llections from nearby other localities indicate 
that the base of the Imina Formation is close to the 
Ordovician-Si lurian boundary in this general a rea. 
Graptolites of the late Ashgillian Dicellograptus ornatus 
complanatus Zone were fou nd in uppermost parts of the 
Hazen Fo rmation in the vicinity of Ella Bay and St. Patrick 

Bay, Archer Fiord, 11 km to the west and 118 km to the 
northeast respectively (unpub. identifications by B.S. Norford 
and J. Riva, 1977). About 8 km to the southeast (vicinity of 
section 1 of Kerr, 1968), where the lmina Formation 
ove rsteps the miogeoclinal carbonate succession, th e index 
co ra l Bioghornia sp . of Ashgi ll ian age occurs in the upper par t 
of the latter. The oldest graptolites from the Imina 
Formation, which is very poor in autochthonous fossils, 
generally are not older Llandoverian (e.g. Cyrtograptus 
canadensis Jackson and Etherington and Stomatograpt.us sp. 
cf. S. grandis (Suess) from Caledonian Bay, Canon Fiord, etc .; 
Trettin, in press). The lowermost part of the Hazen 
Formation at Ella Bay is dated as late Early Cambrian on the 
basis of Olenellus sp . (unpub. identif. by W .H. Frit z, 1977). 

"The occurrence of a shelf-type limestone unit with 
echinoderms, bryozoans and Midd le Ordovician conodonts 
between these two fo rmations is anomalous with respect to 
age, li thology, and depositional e nvironment. A fault 
relatio nsh ip can probably be ruled out but fie ld and laboratory 
observations are compatible with the hypothesis t hat the 
limestone originally was deposited in an outer shelf environ­
ment of the miogeocline and transpor ted into the Hazen 
Trough as part of an extensive submarine slide in a 
northwestward direction . Age and lithology a re compatible 
with derivation from the Eleanor River Formation (cf. Kerr, 
1968, Section I). Although it appears that the slide was 
emplaced just prior to the onset of flysch deposition in the 
la test Ordovician or Early Si lurian, the underlying st rata are 
not necessarily of that age because they probably were 
structurally dis turbed by the slide. 

Figure 13.1. Map of northern Ellesmere Island, Arc tic 
Canada, with the black dot indicating the 
location of sampl es. 
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"A problem with this interpretation is that most 
submarine slides known from the Franklinian Geosync li ne are 
of about the same age as the enclosing st rata, but there a re 
exceptions . The Lower Devonian Svartevaeg Formation of 
no rthern Axel Heibe rg Island, for example, a deep-water 
deposit composed mostly of proximal mass flow deposits and 
volcanics, includes a large limestone block with a shelf fauna 
of Early or Middle Silurian age (Trettin, 1969, p. 25). The 
field investigation of the postulated slide has not yet been 
completed". 

Conodont Fauna 

Plate 13. l illustrates some of the No rth Atlantic 
Province co nodonts in the collec tion studied. Only the more 
significant taxa a re included here, namely the multielement 
taxa Pygodus sp . (7), Periodon aculeatus Hadding (15) and 
Phragmodus sp . (3) and the fo rm taxa "Tetraprioniodus" cf. 
"T ." lindstroemi Sweet a nd Bergstrom (1), "Roundya" pyrami­
dalis Sweet and Bergstrom (3), "Belodina" monitorensis moni ­
torensis Ethington and Schumacher (2) , "Oistodus" venustus 
Stauffer (5) and "O ." sp. aff. "O." nevadensis Ethington and 
Schumacher (1 ). (The figu res in brackets indicate the number 
of speci mens recovered.) 

Plate 13. 1 

(A ll magnifications are approximately 
X 200 un less otherwise stated) 

All illustrated material comes from GSC collection C-74618 
unless otherwise noted separately. Locality of the samples is 
NTS-120 C, UTM-l 9X, 900300 mN; 493200 m E. Specimens 
sto red in the GSC Invertebrate Type Co llection, Ottawa. 

Figures 1-5. Periodon aculeatus Hadding . 1. La teral view, 
c ladognathifo rm element, GSC 58226. 2. 
Lateral view, prioniodiniform element , GSC 
58227. 3. Late ra l view, ligonodiniform 
element, GSC 58228. 4 and 5. La teral views, 
falodiform elements, GSC 58229 and GSC 
58230 respectively. 

Figure 6. "Oistodus" sp . aff. "O." nevadensis Ethington 
and Schumacher. Lateral View, GSC 5823 1. 

Figures 7-9 . Pygodus sp. 7, 9 . Inner and upper views of 
pygodiform elements, GSC 58232 and GSC 
58233 respectively. 8. Lateral view, had­
dingodiform element, GSC 58234. 

Figures 10, 13. Phragmodus sp . 10. Lateral view, dichogna­
thiform e lement, GSC 58235, x 80. 13. 
Lateral view, phragmodiform element, GSC 
58236. 

Figure 11 . "Belodina" monitorensis monitorensis 
Ethington and Schumacher. Lateral view, 
GSC 58237; collection C -74617. 

Figure 12. "Tetraprioniodus" cf. "T ." lindstroemi Sweet 
a nd Bergstrom. Lateral view, GSC 58238, x 
80. 

Figure 14. "Oistodus" venustus Stauffer . Lateral view, 
GSC 58239 . 

Figures 15, 16. "Roundya" pyramidalis Sweet and Bergst rom, 
GSC 58240 and GSC 5824 I respective ly, x 80 
and x 200 respectively . 

Sweet and Bergstrom (1974) have noted that only fou r 
Middle Ordovician genera, namely Eoplacognathus, Periodon , 
Prioniodus and Pygodus may be regarded as truly North 
At lantic. All of the elements of the multielement taxa 
Pygodus and Periodon appear to be present in the co llec tions, 
a nd probably there was little destruction of elements or 
winnowing during the taphonomy of these samples . Bergstrom 
(1971) remarked that elements similar to the form taxa 
"Tetraprioniodus" cf . "T." lindstroemi and "Roundya" pyrami­
dalis, which frequently occur with Pygodus spp., cou ld be 
tetraprioniodiform and roundyaform elements of the Pygodus 
apparatus but decided that the evidence was insufficient. 
This association was based on the crite ria of frequent co­
occurrence as well as matc hing mo rphology with the had­
dingodiform element of the Pygodus apparatus . 

In most cases, excepting those described by Ber_gstrom 
et a l. (1974), "Roundya" pyra midalis and "Tetraprioniodus" 
lindstroemi , either together or singl y, have been associated 
with Pygodus anserinus (Hama r , 1964; Sweet and Bergstrom , 
1962; Bergstrom et al., 1974; and Viira, 1974). Tipnis et al. 
(in press) reported the occur renc e of over l 00 elements of 
Pygodus serrus, but failed to find a single specimen of e ither 
the roundyafo rm element or the tetraprioniodiform element 
noted above . The refore it is possible that P. serrus and P. 
anserinus differed in elementa l composition, with P. serrus 
Jacking roundyaform a nd tetraprioniodiform elements for at 
least part of its stratigraphic range . 

The three taxa "Belodina" monitorensis monitorensis, 
"Oistodus" venustus Stauffer and Phragmodus sp . a re all 
known to occur in the Road River Formation, Llanvirnian in 
age, from the southwestern Macke nz ie Mountains (Tipnis 
et a l., in press), which a lso contains co nodonts of the North 
Atlantic Province (Tipnis et al., 1975). "Oistodus" sp . aff. 
"O." nevadensis has been reported from Pygodus bearing 
strata in the Copenhagen Formation (Ethington a nd 
Sc humacher, 1969). 

Discussion 

The occurrence of North Atlantic Province conodonts in 
marginal deposits of the North American continent is well 
established from such widely separated areas as Texas­
Oklahoma (Bradshaw, 1969), the eastern Appalachians 
(Bergstrom, 1971 ), Newfoundland (F~hr aeus a nd Now Ian, 
1978), the southe rn Mackenz ie Mountains (Tipnis et a l., 1975), 
a nd the Great Basin of Utah and Nevada (Bergst rom, 1971 ). 
In all these regions the North Atlanti c Province conodonts 
occ ur in outer shelf or slope settings, and the Midcontinent 
faunas in ad jacent shallower env ironme nt s (Ba rnes et a l., 
1973). The present occurrences fits quite we ll into thi s 
pattern. 

Following the discussion above, the age of the 
collection that includes Pygodus sp. is suggested to be Late 
Llanvirnian to Llandeilian (the complete range of Pygodus 
however includes also an ear ly Lla nvirnian age). 
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14. THE STRUCTURAL HISTORY OF THE AMER MYLONITE ZONE, 
CHURCHILL STRUCTURAL PROVINCE, DISTRICT OF KEEWATIN 

Project 760025 

Subhas Tella and W.W. He ywood 
Regional a nd Economic Geology Division 

Tella, Subhas and Heywood, W.W., The structural history of the Amer Mylonite Zone, Churchill 
Structural Province, District of Keewatin; in Current Research, Part C, Geol. Surv . Can., Paper 78-
lC, p. 79-88, 1978. -

Abstract 

The Amer mylonite zone is an approximately 10 km wide northeast trending belt of cataclastic 
to mylonitic rocks . The polydeformed and polymetamorphosed granitoid and sedimentary rocks of the 
zone exhibit a variety of cataclastic textures which have been classified as blastomylonites, mylonite 
gneisses, protomylonites, mylonites, cataclasites and microbreccias, following the 1971 classification 
scheme of Higgin s. A comparative study of quartz microstructures from this zone and those 
described from other mylonite zones, indicates that they were developed under conditions of ductile 
deformation, by a combination of processes such as intragranular movements, recovery, and 
recrysta llization. 

Field relations, textural aspects, and K-Ar mineral dates reveal that movement took place along 
the zone during at least two periods. The earlier event was one of ductile deformation and was 
responsible for the development of the mylonite zone, possibly during Late Aphebian or early Helikian 
times. The second event overprinted the rocks of the region with textures characteristic of brittle 
deformation, and produced dextral strike slip displacements of undetermined magnitude along the 
Amer Fault. Porphyritic granite and related rocks were emplaced in the interval between these two 
events. Later displacements on the Amer Fault predate regionally pervasive northwest trending 
faults and may have continued sporadically into Paleozoic time . 

Introduction 

Recent field work in the northern half of the Amer 
Lake map area (NTS 66H) has established the presence of a 
northeasterly trending cataclastic to mylonitic zone 
(Heywood, 1977). This zone, the Amer mylonite zone, 
represents a relatively short segment of the spectacular 
regiona l McDonald-Amer-Meadowbank Fault System; the 
system that subdivides the northern Churchill Structural 
Province into three structural blocks - the Queen Maud, the 
Committee Bay, and the Armit Lake Blocks (Heywood and 
Schau, 1978). In the Amer Lake map area the mylonite zone 
is co inc ident with a pronounced aeromagnetic lineament 
(Geophysical Series Map 7869G). 

Geology, Structure and Metamorphism 

The regional geology of the northern half of the Amer 
Lake map area (NTS 66H N 1/2) was briefly described by 
Heywood (1977). The distribution of rock units is shown in 
Figure 14. l, and the structural and metamorphic history is 
summarized in Table 14.l. 

Medium- to coarse-grained granulite, biotite paragneiss, 
mafic schist, and associated minor amphibolite of 
undetermined origin appear to be the oldest rocks (Unit 1) in 
the Amer Lake area. Unit 2, st ructurally above Un it 1, is 
composed of medium- to coarse-grained grey paragneiss and 
or thogneiss of granodioritic to quartz dioritic composition 
and minor layered amphibolite (Unit 2a). Plutonic rocks of 
Unit 3 intrude Units l and 2, and comprise at least three 
separate phases. The two earlier phases are character­
istically medium- to coarse -grained and porphyritic, and have 
compositions ranging from gra nodior ite to granite . In general 
these rocks show a weak to well developed foliation. The 
thi rd phase of Unit 3 is c ommonly aplitic to pegmatitic . In 
some localities the early granitoid phase of Unit 3 forms the 
basement to the Ame r group* (Tippett and Heywood, 1978), 
but e lsewhere a pink apli tic to pegmatitic phase of a similar 
unit has intruded the basal Amer group quartzites. A K-Ar 
age of 1729 ± 41 Ma (Table 14.2) on muscov ite from this 
pegmatite may date the time of emplacement of the 

*Amer group is a n informal term. 

pegmatite . The above relationships ind icate that the plutonic 
rocks of Uni t 3 in part predate and in part postdate the lower 
Amer group. It has not been possible to separate the 
individual intrusive phases into mappable units. 

Fine- to medium-grained, well foliated and mylonitized 
quartzite, quartz mica-schist, minor dolomite, slate and 
hornfelsed metasediments of Unit 4 outcrop as discontinuous 
lenses along the Amer Fault (Fig. 14.1), and in isolated a reas 
to the west and northwest of the fault. These rocks appear to 
be mylonitized equivalents of the Amer group (Unit 4a). 
Unfoliated, medium- to coarse-grained, massive, pink mafic 
syenite (Unit 5) outcrops in the east -central part of the Amer 
Lake map area south of the Meadowbank fault. A K-Ar date 
of 1833 ± 32 Ma (Table 14.2) on hornblende from this body 
probably dates the time of its emplaceme nt. Although the 
intrusive relationships with the country rocks have not been 
established, the massive, unfol iated and unmetamorphosed 
character of the unit indicates that it postdates the rocks 
described above, with the poss ible exception of the 
pegmatite . A similar, and probably related mafic syenite 
body exposed in the northeastern corner of the map area 
(Fig. 14.1), shows well developed mylonitic textures. 

White to pink, porphyritic granitoid rocks of Unit 6 are 
exposed in the northwestern part of the area (Fig. 14. l ). 
They are commonly coarse grained, massive to weakly 
foliated, and contain abundant hornfelsed inclus ions of Unit 4. 
Amph ibolite inclusions and xenoliths of older para- and 
orthogneisses are also common. Unit 7 is a massive, pin k 
porphyritic granite (sphene- and fluorite-bearing) exposed in 
the southwestern corner of the area. Although the contact 
relationships between Units 6 and 7 are not known, the 
massive character of Unit 7 suggests that its emplacement 
may have postdated that of Unit 6. 

The tentative sequence of events, listed in Table 14. l, 
is based on field relations, structural data and petrography. 
Metamorphic isograds could not be defined because diagnostic 
m ine ra1 assemblages are generally absent. Moreover, the 
establishment of time relations between metamorphism and 
tectonism (Table 14.l) is further complicated by a pauc it y of 
crucial metamorphic textures. 
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Legend to Figure 14. l. 
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Pink porphyritic granite ; sphene and 
fluorite bearing. 

White to pink, porphyritic granite; 
in part include late pegmatitic 
intrusions. 

Nonfoliated, medium to coarse grained 
pink mafic syenite; intrudes units 
1 to 3. 

Fine to medium grained, well foliated 
quartzite, quartz-mica schist and 
hornfelsed metasediments ( probable 
equivalents· of Amer group). 
4a. Amer group. 

Pink porphyritic to aplitic gneissic 
granite, qua rt z mon ::oni te and 
granodiorite; weak to well foliated. 
includes at least three 
intrusive phases. 

Medium to coarse grained g rey gneiss 
( granodiorite to quartz diorite 
compositions ) , paragneiss , migmatite, 
amphibolite(2a); intruded by granitoid 
rocks of unit s 3 and 5. 

Granulitc , biotite gneis s , mafic schist, 
minor amphibolite ; intruded by granitoid 
rocks of unit 3 . 

/// 
--!- -+-

Schistosity, gneissosity, cleavage, 
foliation ( inc lined, vertical, dip unknown 

Antiform and synfonn ( inferred) 

-,ft- - - {+.- Antiform and synform; overturned ( inferred ) 

--- - - - Fault 

,.. -- - __ _ ... / Geological boundary ( approximate ) 

- . - . - . - · - Limits of Amer My loni te Zone ( approxima tc 

• • • • 

EB 

D 

• 6 ... 
• 0 
• 

Attitude of mylonitic banding 

Attitude of lineations ( intersection lineations 
and / or s lickensides ) 

K-Ar Hadiometri c dates; b- biotite, m- muscovite, 
h- hornblende. 

Mic robreccia 

Ca taclasi te 

Protomylonite 

Hy loni te gneiss 

Mylonite 

Blastomyloni te 

Specimens with no obvious 
ca taclastic textures . 

To defi ne a nd document the tectonic history of the 
Amer mylonite zone and of the spatia11y assoc iated Amer 
Fault, nume rous microstructures were examined within and 
outside the my lonite zone in rocks of Units I to 7 inclusive. 
Nor thwest and north-northeast trending faults, some of which 
a ppear to displace the Amer Fault and the Amer my lon ite 
zone with an apparent dextral slip displacement, wi 11 not be 
considered further. 

Mic rostruc tures and Textures 

More than 80 thin sections 1 were examined to descr ibe 
the variations in microstructures and textures across the 
mylonite zone. The observed textures have been classif ied 
into several types, shown in Table 14.3, fol lowing the scheme 
outlined by Higgins ( 1971 ). Although there are several 
c lassification schemes fo r cataclastic rocks (Christie, 1960; 
Higgins, 1971; Sibson, 1977; Spry, 1969; Zeck, 1974), the 
classification proposed by Higgins is adopted here because the 
observed textures can be adequately described within the 
scheme with a minimum of modification. All textures are 
gradational even on t hin section scale, hence the most 
appropriate term has been applied to c lassify the roc k 
textures. The gross features of these m icrostructures and 
textures are summarized in Table 14.4. 

Metamorphic recrystallization textures in Un its I and 2 
commonly mimic mylonite gneisses from which they are 
difficult to separate. The mylonite gneisses a re generally 
characterized by recrysta11 ization and neom ineralization, 
processes believed to be conc urrent with the development of 
the my lonite. The textures developed in Units 3, 4 and 5 are 
easier to interpret. 

A comprehensive study of these microst ructu res and 
textures (Table 14 .4) demonstrates the fo llowing re lationships 
in the Amer mylonite zone: 

i) The distribution of blastomylon ite, mylonite gneiss, 
mylonite and protomylonite in the Ame r Lake area 
(Fig . 14.1) define the approximately JO km wide Ame r 
mylonite zone. Blastomylonite and mylonite (Fig. 14.2A) 
are, however, restricted to a narrow zone along the trace 
of the Amer Fau lt. These textures a re exclusively 
developed in Units I to 5, a nd are absent from Units 6 
and 7. 

ii) Within the Amer mylonite zone, recrystallization and 
neomineralization predominate over catac lasis in Un its I 
to 5. Plastic strain features such as deformation lame11ae 
and extinction bands, are however locally common both in 
the la rger nonrec rystaliized grains as we11 as in the fine r 
recrysta11 ized grains of quartz . 

iii) Cataclas ite and microbreccia a re common both within and 
outside the mylonite zone. Quartz and feldspar show 
abundant plastic strain, m icrofracturing and m icrofaulting 
that increase in intensity towa rds the Amer Fault . These 
textu ral types a ppear to have developed in response to 
more than one event of deformation . 

Discussion and Conclusions 

Mic rostructural and textural stud ies of quartz have 
received the most attention in recent years in the interpreta­
tions of various mylonite zones (Bell and Etheridge, 1973, 
1976; Christie, 1960; Sinha Roy, 1977; Wilson, 1975) . This is 
because of increased understa nding of their origin and 
development through the works of Carter et al. (1964), Green 
et al. (1970), Hobbs (1968), Hobbs et a l. (1972), Te11a 
(in prep. ), and White (1973, 1976) on both exper imentally and 
naturally deformed quartzites, which a lso involved the 
application of advanced X-ray, and scanning and transmission 
e lectron- mic roscope techniques (Baeta and Ashbee, 1973; 
Baker et a l. , 1969; McLaren and Hobbs, 1972; McLaren and 
Retchford, 1969) . In add ition, experimental studies by Baeta 
and Ashbee ( 1969) have identified numerous slip systems in 
quartz . In most of these studies the microstructures and 
fab rics of quartz were interpreted as being developed by the 
fol low ing comb ination of mechanisms (see also 
Hobbs et al., 1976): 

i) intergranu lar movements which involve externa l rotation, 
cataclastic flow, and development of preferred 
dimensional orientation of grains . 

1 A detailed list of quartz microstructures and textures, and a list of mineral assemblages 
noted in these sections are available as append ices and may be obtained by writing to the 
authors. 
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Rock Unit(s) 
i nvolved 

1, 2 . 3.•. 
and 5 

1 to 7 

6 and 7 

1 t o S 

. 
3c 

4 and 4a 

1, 2 , and 
)a , b 

3a&b 

l a nd 2 

Table 14.J 

Suggested sequence of tectonic and metamorph ic events in the northern part of 
Amer L ake map ar ea (NTS 66H) 

Types of structures 
developed 

Fault s 

Amer fault and 
possibly Meadow­
bank fault ; 
dex tra 1 st r i.ke 
slip di splace­
ment on unit 7 

Cataclas tic to 
mylonitic text ures 
(Amer Mylonite 
Zone) 

Me~oscopic to 
macroscop i c up­
right to over­
turned tight 
isoclines ; open 
upright fo l ds 
and thrust 
fau lt s 

Mcsoscop ic to 
macroscopic open 
upright fo ld s 
(F 

1
&F

2
) (general 

wa rping of 
ear li e r 
st ruc tures ) 

Mesoscopic t o 
mac ro scopic open 
to tlght upr i ghc 
folds (F 

2
) 

coaxia l co Fl . 

Mesoscopic , upright 
to overturned 
eight i soc J inal 
folds(F 

1
) of rare 

occur r e nce 

Penetrative fabric 
e l emen t s 

No ne ; except local 
development of 
p l a nes of s hea ring 

Shearing along 
faul c planes; non­
penecrat Lve 
sl i cke ns ides 

Mylon itic fo l ia­
tion 

Axial plane 
fol iations , 
crenul ation 
surfaces , inter­
sect ion linea ­
ti ons 
(s

1
/s

2
;s

0
); fold 

axes 

Axial planes a nd 
fold axes . 

s2 folia tions, fold 
axes, mine r al 
lineations(?) , 
s l /52 :ntersection 
11nea t 1on s ; 
crcnulation 
su r faces 

Foliations(S
1
), 

mineral linea t ions 
(?), and fold 
axes 

Attitude of fabr i c 
element s 

No r thwest and north­
eas t 

Deformation 
event 

Faul tine 

Northeast- Sout hwes t ; Faulting 
subhorizontal 
sl i ckensides 

Nor theast -sou thwest ; Mylon itiza-
steep to ver tical tion 

Commonly coaxia l + DlA' 
0 2

A, 
03

A 
coplana r n

1 
and n

2 
fab ric element s ; 
ease -west to 
southwesterly 
tre nd s w.lth sha l low 
to stee p dips; west 
to southwest 
plungi ng (shallow) 
linear e l e ment s 
with l ocal reversal 
t o the eas t 

Variable a ttitudes , 
but generall y north­
west and north 
tre nding axial 
s urfaces ; fold axes 
plunge s t eep ly 
ei the r to the north 
or t o the south . 

Northeas t to eas t 
tre ndin g foliatio ns 
and axial planes 
with modera t e to 
s t ee p dips ; fo ld 
axes plunge 
moderately to the 
southwes t and west 

No rtheast t o east 
trend-Lng foliations 
with s t eep dips: 
fo ld axes and lin­
ea tions with s ha llow 
to mode r ate plunge 
to the southwest 

Metamorphism 

None 

Late a ltera ­
tion a l ong 
shearpla nes 

Retrogress­
ion; lower 
greens chist 
fac ies 
assemb l ages 

Syn DiA meta­
morphism ; 
greenschist 
t o 
amphibolite 

None 

Greenschist to 
amphiboli t e 
facies 

Amph Lboli te 
to 
gra nulit e 
facies 

Plutonism 

Intrusion of 
g r a nit e , peg­
matite and 
related r ocks 

Intrusion of 
ap lite to peg­
matite g r anite 
into basa l 
Amer group 

Intrusion of 
mafic syenite 

Granite , 
g r anodio rite , 
a nd quartz 
mo nzon ite 
int rusions 

Units Ja & r efe r to the two ear lier phases of g ranit oid r ocks and Jc r efe r s to the latest phase . 

+ DlA' o
2

A, & n
3
A r efer to deformational events in the Ame r g r oup . 
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Tempo r al relations 
between deformation 
metamorphism and 

plutoni sm 

Post Apliebian 

Pos tdate emplace·· 
ment of units 
6&7 

Post mylonite 
intrusion 
( ? 1 619 ± oO 
m. y . ) 

Post Aphebian 
mylonitization; 
but p r edate t he 
intrusive rocks of 
units 6 a nd 7 . The 
my l onite zone may 
have been active 
prior t o the 
deposition of 
Ame r group but 
cannot be s ub­
s t antia ted . 

Post Aphebian 
(Hudsoni8n?) 

(1729 ± "1 fla) 

(1833 ± 32 Na) 

Late Aphebian or 
post Aphebian 

La t e Archean ? or 
Aphebian ; predate 
the depos ition of 
Ame r g r oup . Con­
sidered t o be a 
stable s truc tural 
block during and 
su bsequent defo rm­
a tio n of the Amer 
grou p 

Orig in of units 
1 and 2 ?? 



Table 14.2 

K-Ar radiometric data 

Rock Unit Sample Mineral Dated Age Remarks 

"' +-

"' ~ 
u 
0 .... 
>-
-& ~ ........ 
0 :::J 
o.. t) 
+- :::J c .... 
~~ 
.... c 
<!) ."2 
o..x 
<!) :::J 
E;;::; 
:::J .r:. 

- +-O ·­
> 3 
<!)"' 
+- .:of. 
ro u 
E 2 
~ .5 .... 
0.. 
0.. 

<( 

Rock Uni ts 

1,2,3 ,4 a nd 5 

(figu res : 
2,3 a nd 4A) 

6 a nd 7 

(figures : 
4B a nd C) 

2 

2 

3 

5 

6 

>50 
<50 

30 
>10 
<10 

w 512 biotite 1690 Ma rock un its within the 

WN 228 ( =H42 ) biotite 1665 ± 41 Ma 
mylonite zone 

HF 76-T 649 muscovite 1729 ± 41 Ma 

WN 227 ( J' H50) hornblende 1833 :: 32 Ma 

HF 170 muscov ite 1619 ± 40 Ma 5 to l 0% fe ldspar 
contam inat ion 

Table 14.3 

Classif icat ion of cataclast ic rocks (after Higgins, 1971) 

Rocks without Rocks with primary cohesion 
prima ry cohesion 

Ca taclasis domina nt over neo- Neom iner a li za t ion 
m inera!i za tion rec rystalli zat ion recrystalli zat ion 

dominant over 
cataclasis 

Rocks without Rocks with Rocks with fluxio n 
f luxion st ructu re f luxion structure structure 

Protomylonite 
Mylonite gneiss 
(mylonite schist ) 

Fault brecc ia Mic robrecc ia* 

- -- -

Mylonite <!) 
+-~ 
·- >-c +-

- _,_ 0 <!) -
Fault gouge Catac las ite =;_ .1: 

Blastomyloni te .r:. ro 
Ultramylonite o..2-

All rocks are gradational 

* In the present study t his term has been used to include all rocks which show micro­
frac tures and mic rofaults without accompany ing fine gra ined crushed matrix . 

Table 14.4 

Summa ry of m ic rostructu res and textu res 

> 0.2 

<0 .2 

v; 
+-

"' ~ 
g ~ 
.... :::J 
>- +­

.r:. u 
0.. :::J ........ 
0 +-
0.. "' 
+- c 
(5 .Q 

E ~ 
..... ;;::; 
0 .r:. 
<!) +­
N · ­
Vi 3 
~ _Q 
ro u 
E 2 
x c o·-
0.. 
0.. 

<( 

c 

"' +-
c 
<!) <!) 

E 5 
0.0 +­
ro u 
.... :::J ..... .... 

+-
t:;"' 
0 c 
E o 

.... ..... x 
0 0 :::J 

<!);;::; 
N +­

· - :::J 
"'0 
<!) .r:. 
+- +­
ro ·­
E 3 

. ..... tr. 
x .:of. 
0 u 
.... 0 
0.. .... 
0.. 

<( 

Plast ic st rai n in 
quartz 

Rec rystallization 
textu res in quartz 

Other textures Textural ty pe(s) 

undulatory ext inc tions, 
extinction bands; some 
a re related to pre­
rec rystalli zat ion st rai n 
and few are re lated to 
post rec rystall izat ion 
st rain 

incip ient pol ygonal sub­
grain mosaic develop­
ment; granoblastic poly­
gonal in so me; strain­
free neomineralized 
grains around strained 
hosts; ribbons of quartz 
with internall y rec rystal­
li zed subgra in pol ygonal 
mosaics 

abundant microfractures, a bsent 
deformation lamellae, 
inclusion trails, undulatory 
ext inct ions and ext inct ion 
bands 

weak to well defined 
dimensional orientation 
of gra ins; larger 
fe ldspars with we ll 
developed mor tar 
textures; microkinks 
and mic rofaults with in 
plag ioclase twins 

Blastomylonite 
Mylonite gneiss 
Protomylonite 
Mylonite 
Ca tac lasi t e 
M ic robreccia 

m icrofaults in plagio- M ic robrecc ia 
c lase twins; shearing 
and fracturing within and 
across grain boundaries 

BJ 



Figure l 4.2B 

Mylonite gneiss (H27B); Subgrain pol ygonal mosaics in 
elongate quart z grains . Feldspars show shearing and 
microfracturing. (GSC 203308-N) 
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Figure l 4.2A 

Blastomylonite (S44B); Ribbons of quartz show exten­
s ive recrystall ization with the development of subgrain 
polygonal mosaics. Larger clasts show conjugate 
mic rofractures and plastic strain . Neominerali zat ion 
along fracture s. (GSC 203308-L) 

Figure l 4.2C 

Protomylonite (H38A); Dimensional orientation of 
quartz, sutu red to embayed grain boundaries; minor 
recrystallization with the development of finer poly­
gonal quartz grains. (GSC 203308-Q) 



Figure ll.f.3B 

Mylonite gneiss (H7); Recrystallized quartz show weak 
dimens ional orientation; feldspars with granulated and 
corroded grain boundaries show microfractures. 
(GSC 203308-M) 

Figure l /.t.3A 

Mylonite gneiss (H l 07 A) ; Granoblast.ic polygonal 
quartz in quartz-rich layers; adjacent matrix show 
ea tacJasis (ea tac Jasi te). Re c rystallization dominates 
over cataclasis. (GSC 203308-K) 

Figure l l.f .3C 

Microkinks and microfaults within plagioclase (T323). 
(GSC 203308-H) 
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ii) intragranular movements involving gliding flow and plastic 
deformation within the c rystals, accompanied by external 
grain rot ations to develop preferr ed c rystallograph ic 
orientations. 

iii) recovery processes in which the plastic st ra in undergone 
by the c rystal is released by a d issipation of stored st rain 
energy whereby the crystal t ends to retu rn to its 
undeformed state without the format ion and m igration of 
high a ngle grain boundaries, and resu lt in a polygonal 
texture with the deve lopment of st ra in-free grains. 

iv) static and /or dynamic (sy ntectonic) rec ryst allizat ion 
process involving a com plete or progress ive d iss ipation of 
stored st ra in ene rgy, remaining afte r recove ry, w ith the 
development of stra in-free grains withi n stra ined hosts . 

The microst ructures and textures which have a n 
important bearing on the origin and development of the Amer 
my lon ite zone a re as foll ows (see a lso Tab le 14. 4) : 

l . La rger feldspar grai ns show well developed mortar 
textures, whereas both quartz and feldspa r show margi na l 
gra nulation a nd conjugate mic rofractu res . Cataclast ic 
fabric usuaJly wraps around the fe ldspar clasts, a nd the 
pressu re fringes are fi Jled by recrystall ized quartz grain s 
(Fi g. 14.3B, 14.4A). 

2. Quartz clasts, where they a re demonstrably coarser 
(Fig. 14.2A), show abundant plast ic strain and conjugate 
shear fractures. Normals to the pla nes of fa bric bisect 
the acute angle of these fractures and suggest that they 
were probably developed du ring the initial stages of 
flatt en ing. Finer neom inera li zed quart z gra in s with t r iple 
junctions occupy the interstices of t he fr actu re planes . 
Mylonitic fabric wh ich wraps the plast ica ll y strained 
quar tz c lasts show we ll developed r ibbons . These r ibbons 
co mmonly show pol ygona l subgrai n mosaics 
(Figs. 14.2A, 14.2B) . 

3. In some mylonite gne isses quartz- rich layers (F ig. 14.3A) 
show gra noblast ic polygonal texture with pe rfect tripl e 
junctions, whereas ad jacent fi ner grai ned matr ix show 
catac las is and granula tion. Fe ldspar clasts have cor roded 
grain boundaries a nd a weak to we ll developed mortar 
text ure. 

4. RecrystaJli zat ion a nd neominerali zat ion predominates 
over cataclasis in most parts of the zone. Most spec imens 
show variable deg rees of cataclasis , recrysta Jlization a nd 
neom iner a li zation. 

These textu ra l aspects of quart z from the mylonite 
zone suggest at least two st ages of deve lopme nt . An initia l 
stage of cataclas is and granu lation which deve loped undul a ­
tory extinctions, exti nction bands, deformation la meJlae and 
m icrofractures, was foJlowed by a more pronounced second 
stage of recr ystaJli zation. This later stage is characterized 
by a common development of gra noblastic polygona l subgrai n 
mosa ics, neominera!i zed and rec ryst aJlized quartz around 
larger host grains, and strai n-free pol ygona l quartz. An 
overa ll examination of these textures suggest s that t he two 
stages are probabl y sync hronou s and are the result of a 
progressive deformat ion. The presence of abu nda nt chlorite 
along the mylonitic planes, together with a si ngle occurrence 
of garnet in myloniti zed granite, may indicate that some 
metamorphism had occurred during deformation. 

A comparison of the above mic rostruc tures a nd textu res 
to those developed in experimenta Jl y deformed synt hetic and 
natural quart z ites suggest s t hat a combination of intra ­
granu lar movement, recovery a nd recrystaJli zation processes 
were the most influentia l mec ha nisms for their deve lopment 
in the Amer mylonite zone. These tex tures a re typical of 
rocks whic h fall in the quasi-plastic regime of Sibson (1 977). 
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Although the development of these microstructures can 
be explained satisfactoril y, the proble m of determining the 
type of st rain, which was responsible fo r the development of 
th e Ame r mylonite zone remains. Two contrasting opinions 
a re commonl y being expressed on the subject of mylonite 
formation - shea r stra in versus f lattening st ra in (Ramsay a nd 
Graham, 1970; Schwerdtner and Bauer, 1975; Johnson, 1967; 
TuJlis et a l., 1973; Ross, 19 73; Eisbacher, 1970), it is not 
uncommon, however, to f ind that the planes of maxim um 
shea r may also represent planes of f lattening on thei r 
progress ive rotat ion du ring deform ation (Ramsay and 
Graham, 1970; Sinha Roy, 1977). A majority of the micro­
textu res within the Ame r mylonite zone indicate a n overall 
f lattening strain, but it is conceivable that t he total st rain 
may have had a shearing 'history' in the earl y stages of the 
m ylonite development . 

The presence of abu ndant deformation l ame ll ae, micro­
fractures and microfaults in rocks of Units 6 and 7, on the 
other hand , suggests that intergranular a nd intragranula r 
movements have influenced their development. These 
textures a re typical of rocks which fa JJ in the e1astic o- bri tt1e 
regim e of Sibson (1977) a nd hence indicate a differe nt mode 
of deform ation for the Amer Fault. 

An a na lysis of th e textures so fa r desc ribed suggests 
that the Ame r mylonite zone was developed prior to the 
emplacement of t he plutonic rocks of Units 6 a nd 7. As the 
rocks of Uni t 5 show evidence of mylonitization, this event 
must postdate t he emplacement of Uni t 5 a nd must predate 
the emplacement of Unit 6. Although it is not possible to 
date the event in an absolute se nse, relatively younger K-Ar 
dates of 1690 and 1665 ± 4 1 Ma (W 5 12 and WN228, Table 14.2) 
on obviously older grey gneiss, together with t he fact that 
these represent the rocks within the mylonite zone, suggest 
that these dates may reflect the t ime of mylonitization. A 
co mplete or partial loss of radiogenic a rgon from these rocks 
duri ng intense mylonitization may resu lt in obtaining 
relatively younger ages for the minerals dated . 

Inte nse microfractu ring and m icrofaul ting in Units 6 
and 7, together with an a brupt truncat ion of Unit 7 near the 
Amer Faul t in the southwestern por tion of the map 
(Fi g. 14.1 ), suggest a n act ive dis placement a long the Ame r 
Fault after in trusion of Un its 6 a nd 7; a nd hence, a second 
movement within the Amer mylonite zone. The movement on 
the Amer Fault obvious ly postdates the emplacement of 
Units 6 and 7 and predates t he northwest t rending fa ults. 
Some of these northwest trending fau lts e lsewhere in the 
northern Chu rc hill Province displace Silurian sed iments 
(H eywood, 196 7); a nd the easterl y extens ion of the 
Meadowbank Fault displaces Silur ian rocks on Southampton 
Isla nd (He ywood a nd Sanfo rd, 1976; Heywood and Schau, 
1978). These relationships indicate that the last displace­
ments on these fa ults a re post-Silur ian . 

Stra tigraphic studies (Hoff ma n et a l., 1977) to t he 
southwest a long the Amer Fau lt, suggested a 7 5 km dextra l 
sli p movement on the Mc Donald portion of t he Mc Dona ld­
Amer-M eadowbank Fa ult System (H eywood a nd Schau, 1978). 
Al though no marker hori zons a re present to determine the 
natu re a nd c umulati ve displacements a long the Amer Fault 
within the present study a rea , mic rofa ultin g with consistent 
dext ra l offsets, togethe r with the presence of horizontal to 
su bhorizontal slic kensides indicate t hat the last moveme nt on 
the fau lt was of dext ral strike s lip. A distinctive high 
magnetic anomaly patte rn d isplayed by Uni t 7 shows dextra l 
offsets a long the trace of the fau lt on aeromagnetic maps 
(G eophysical Series Maps 7870G , NTS 66G ; 7869G, NTS 66H) 
and suggests a s imil a r movement . 



Figure l 4.4B 

M icrobreccia (H203); Quartz with strongly sutu rec 
grain boundaries, microfractures and inclusion trail : 
within and across grain boundaries . (GSC 203308-G) 

' 

Figure J 4.4A 

Mylonite (HJ36); La rge angu la r to subrounded quartz 
clasts in a fine grained matrix composed of feldspar 
and quartz. Microfractures and deformation lamellae 
common. (GSC 203308-J) 

Figure J 4.4C 

Angular to subrounded quartz with abundant inclus ion 
trails, microfractures and deformation lamellae 
(H206). Lacks penetrative mylonitic fab ric observed in 
Figures 14.2, 14.3A and 14.3B. (GSC 203308-S) 

87 



References 

Baeta, R.D. and Ashbee, K.H.G. 
1969: Slip systems in quartz . I. Experiments; Am. 

Mineral., Vol. 5t+, p. 1551-1573. 

1973: Transmission electronmicroscopy studies of 
plastically deformed quartz; Phys . Status Solidi A, 
Vol. 18, p. 155-170. 

Baker, D.W., Wenk, H.R., and Christie, J.M. 
1969: X-ray analysis of preferred orientation in fine­

grained quartz aggregates; Jour . GeoJ., Vol. 77, 
p. llflf-177. 

Bell, T.H . and Etheridge, M.A . 
1973: Microstructu res of mylonites and their descriptive 

terminology; Lithos, 6, p. 337-31f8 . 

1976: The defor mation and recrystallization of quartz in 
a mylonite zone, central Australia; Tectono­
physics, Vol. 32, p. 235-267 . 

Carter, N. L., Christie, J .M., and Griggs, D.T. 
196/f: Experimental deformation a nd rec rystalli zation of 

quartz; J . GeoJ., 72, p. 687-733. 

Christie, J.M. 
1960: Mylonitic rocks of the Moine thrust - zone in the 

Assynt Region, NW Scotland; Trans. Geol. Soc . 
Edinb. 18, p. 79-93. 

Eisbacher, G.H. 
1970: Deformation mechanics of mylonitic rocks and 

fractured granites in Cobequid Mountains, Nova 
Scotia, Canada; Bull. Geol. Soc . Am., 81, p. 2009-
2020. 

Geological Survey of Canada 
197/f: Amer Lake; Geophysical Series (Aeromagnetic ) 

Map 7869G. 

197/f: Deep Rose Lake ; Geophysical Series 
(Aeromagnetic) Map 7870G . 

Green, H.W ., Griggs, D.T., and Christie, J.M. 
1970: Syntectonic and annealing rec rystalli zat ion. of 

fine-grained quart z aggregates; ~ Pauhsch 
(ed .), Exper imental and natural roc k defor mation; 
Springer - Verlag, N.Y., p. 272-335 . 

Heywood, W.W. 
1967: Geological notes, northeastern Distr ict of 

1977: 

Keewatin and southern MelviJle Peninsula, 
District of Frankli n, Northwest Territories (Parts 
of t+6, t+7, 56, 57); Geol. Surv. Can., Paper 6t+- t+O. 

Geology of the Amer Lake map area, District of 
Keewati n; !..'.1. Report of Activities, Part A, Geol. 
Surv. Can., Paper 77-lA, p. lf09-lfl0. 

He ywood, W.W . and Sanford, B. V. 
1976: Geology of Southampton, Coats and Mansel 

Islands, District of Keewatin, Northwest 
Territories; GeoJ. Su rv. Can., Mem . 382 . 

Heywood, W.W. and Sc hau, Mikkel . 
1978: A subdivision of the northern Church1Jl Struc tu ral 

Province· in Cu rrent Researc h, Part A, Geol. 
Surv. Ca~ . ,Paper 78-lA, p. 139-llf2 . 

Higgins, M.W. 
1971: Cataclastic Rocks ; Prof. Pa p. U.S . GeoJ. Surv., 

687, 97 p. 

Hobbs, B.E. 
1968: Recrystallizat ion of single crystals of quart z; 

Tectonophysics, 6, p. 353- t+O1. 

Hobbs, B.E., Mc Laren, A.C., and Paterson, H.S . . 
1972: Plasticity of single crystals of synthetJC 

Geophys. Mono gr . Ser., 16, p. 29-53. 
quartz; 

88 

Hobbs, B.E., Means, W .D., and Williams, P. 
1976: An outline of Structu ral Geology; New York : John 

Wiley. 

Hoffma n, P.F., BeJJ, J.R., Hildebra nd, R.S. , and Thorstad, L. 
1977: Geolog y of the A thapuscow Aulacogen, East Arm 

of Great Slave Lake, Distr ict of Mackenzie; ~ 
Report of Activities, Part A, GeoJ. Surv . Can., 
Paper 77- l A, p. 117- 129. 

Johnson, M.R.W . 
1967: Mylonite zones and mylonite banding; Nature, 213, 

p. 2t+6-2t+7 . 

McLaren, A.C . and Hobbs, B.E. 
1972: Transmissio n electron microscope investigation of 

some natu ra Jl y deformed quartzites; Geophys . 
Monograph, 16, p. 55-66. 

McLaren, A.C. and Retchford, J.A. 
1969: Transmission electron microscope study of the 

dis locations in plastically defo·rmed synthetic 
quartz; Phys. Status Solidi, 33, p. 657-668. 

Ramsay, J.G. and Graham, R.H. . 
1970: Strain variation in shear be lts; Can. J. Earth Set., 

7, p. 786-813 . 

Ross, J.V . 
1973: My lonitic rocks and flattened garnets in the 

Southern Octanagon of British Columbia; Can. J. 
Earth Sci ., 10, p. 1-17 . 

Schwerdtner, W .M . and Bauer, G. 
197 5: Tectoni c significance of mylonite zones ; N. Jb . 

Mineral. Mh . 11, p. 500-509. 

Sibson, R.H. 
1977: Fault rocks and fault mechanisms; Geol. Soc . 

Lond., J.V. 133, p. 191-213. 

Sinha Roy, S. . . 
1977: My lonitic mic rostructures and the ir bea ring on the 

development of mylonites - an example from 
deformed trondhjemites of the Bergen Arc region, 
SW Norway; GeoJ. Mag. l lt+ (6), p. t+t+5-t+58. 

Spry, Alan 
1969: Metamorphic textures; Pergamon Press, 350 p. 

Tell a, S. 
Mic rostructures and preferred .orientations of 
quartz in tectonite s of different . meta.morphic 
grade; Ph .D. thesis in progress, McGill University, 
Montreal. (i n prep. ) 

Tippett, C. and Heywood, W.W. 
1978: Stratigraphy and structure of the northern Amer 

group (Aphebian), Churchill Structural Province, 
Distric t of Keewatin, N.W.T.; l!2 Current 
Resear c h, Part B, GeoJ. Surv. Can., Paper 78-1 B. 

Tullis, J., Christie, J .M., and Griggs, D.T. . . 
1973: M ic rostruc tures and preferred or 1entatt0ns of 

exper imentall y deformed quart zites; Bull . GeoJ. 
Soc. Am. 8/f, p. 297-31/f . 

White, S. 
1973: Syntectonic rec rystallization and tex ture develop­

ment in quartz; Nature, Lond . 2t+t+, p. 276-278. 

1976: The effects of strain on the microstructure, 
fabrics and deformation me c hanisms in quartzites; 
Phil. Trans. Roy. Soc . Lond., A. 283, p. 69-86 . 

Wilson, C.J .L. . . 
197 5: Preferred orientations in quart z r 1bbon mylonites; 

Bul l. Geol. Soc. Am . 86, p. 968-97/f . 

Zeck, H. P . 
197/f: Cataclasites, hemic lastites, homo clastites, blasto­

ditto, and myloblastites - catac lastic rocks; Am . 
J. Sc. 27t+, p. 106/f-1073. 



15. STRATIGRAPHY OF THE YELLOWKNIFE SUPERGROUP IN THE MARA-BACK RIVERS AREA, 
DISTRICT OF MACKENZIE 

Project 7 50008 

R.A. Frith and J.A. Percival 1 

Regional and Economic Geology Division 

Frith, R.A. and Percival, J.A., Stratigraphy of the Yellowknife Supergroup in the Mara-Back rivers 
area, District of Mackenzie; in Current Research, Part C, Ceo!. Surv. Can., Paper 78-lC, p. 89-98, 
1978. -

Abstract 

The supracrustal rocks of the Archean Yellowknife Supergroup in the Mara-Back rivers area are 
divisible into three groups. The lowermost Hackett River Group consists of the Siorak, the Nauna and 
the Ignerit formations. These represent respectively the basal gneisses and schists, a metavolcanic 
unit, and the upper volcanic and chemical metasedimentary rocks of the Hackett River volcanic belt. 
The Hackett River Group is overlain by the Beechey Lake Group, consisting of mudstone-greywacke, 
and this is overlain by and interfingered with the Back Group, comprising lavas, pyroclastics and 
associated sediments. A granitoid terrane, parts of which may be older than the Hackett River Group, 
is informally named the Hanimor granitoid complex. 

Introduction 

Reconnaissance helicopter mapping at a scale of eight 
miles to one inch was carried out by Wright (1957) and Fraser 
(1964). More detailed mapping at a scale of two inches to one 
mi le began in 1974 with the mapping of the Department of 
Indian and Northern Affairs (Padgham et a l., I 97 5a, I 97 5b; 
Jefferson et al., 1976a, 1976b). The Geological Survey 
mapped the remaining parts of the region at scales of 
I :50 OOO and I :25 OOO as part of a regional compilation of the 
Nose -Beechey Jakes map-area and topical study of the 
volcanic rocks in the Back River region (Frith and Hill, 1975; 
Frith et a l. , 1977; Lambert, 1976, 1978). In addition to 
government surveys, mining interests, in particular those at 
'Camp' and 'Aitch' Jakes (Fig. 15.l) carried out detailed 
mapping and drilling of selected parts of the Hackett River 
volcanic belt. Topical studies on economic geology (Frith and 
Roscoe, in prep.; Sangster, 1972; Franklin, 1976; Casselman, 
1977), on sedimentology (Henderson, 197 5), on stratigraphy 
(Percival, 1978), on volcanology (Ewing, 1977) and on geo­
chemistry (Cameron and Durham, 1974) have been car ried out 
and others are sti ll in progress . 

The Yellowknife Supergroup 

J.M. Bell (1929) refer red to the rocks at Yellowknife as 
the Yellowknife Series. These were renamed the Yellowknife 
Group by J .F . Henderson (1938). J .B. Henderson (1970) raised 
the Yellowknife Group to Supergroup rank with the intention 
that it include all supracrustal rocks of Archean age within 
the Slave Structural Province. He subdivided and named the 
rocks of the Supergroup in the Yellowknife Bay-Prosperous 
Lake area down to formational level. This area is generally 
considered as a "reference area" for the Yellowknife 
Supergroup. 

Early work in the Slave Province divided the 
Yellowknife Supergroup into two units either dominantly 
volcanic or sedimentary. Formations have been named in 
some areas (Bostock, in press), but in general Yellowknife 
rock units have not been named (e.g. Tremblay, 1971, 1976). 

Recent mapping in the Nose-Beechey Jakes map a rea 
has shown that the Yellowknife consists of a volcanic and 
overlying sedimentary group, as in the Yellowknife­
Prosperous Bay a rea, but a third stratigraph ically younger 
group of volcanic rocks is present and this has been 
informally referred to as the Back River greenstone belt 
(Frith and Hill, 1975) or as the Back River volcanic com plex 
(Lambert, 1976). 

I 
Queen's Unive rsity, Kingston, Ontario . K7L 3N6 

The volcanic rocks of the Nose-Beechey Jakes map area 
differ from those of the "reference area" at Yellowknife . The 
Hackett River Group volcanics a re distinctly more felsic and 
the published analytical work (Cameron and Durham, 1974) 
suggests that the volcanics a re dominantly calc-alkal ine 
rather than dominantly tholeiitic , as at Yellowknife (Baragar, 
1966). The Back Group is unique in the Slave in its higher 
stratigraphic position and in its apparently emergent to 
shallow depositional environment (Lambert, 1976). It too 
appears to follow a calc-a lkaline geochemical trend . On the 
other hand, the mudstone-greywacke sequence of the Beechey 
Lake Group appears similar to sedimentary rocks of the 
Yellowknife-Prosperous reference area (Henderson, 197 5). 

Contacts between the groups are generally 
conformable. The base of the Hackett River Group is 
obscured, but if a prevolcanic granitoid basement is present it 
would presuppose an unconformable surface. However, poor 
exposure, metamorphic and tectonic effects and c rosscutting 
late granitoid and basic intrusions, make this supposition 
difficu lt to establish. Local angular discordance is present 
within the group and in places the basal Back Group consists 
of conglomerate lying with slight angular discordance on 
strata of the Beechey Lake Group. 

Rocks of the Yellowknife Supe rgroup underlie about two 
thirds of the Nose-Beechey Jakes map area (Fig. 15.2). The 
total thickness of the superg roup is unknown. The Hackett 
River Group appears to thicken and thin along a homoclinal 
belt about 200 km in length (Fig. 15 .2) with thicknesses of up 
to 8000 m. The Beechey Lake Group is commonly tightly 
folded, making its true thickness difficult to estimate. The 
Back Group is essentially flat lying. However, its upper 
members have probably been removed by erosion and 
estimates of thickness are further hindered by multiple 
caldron col lapse structures (Lambert, 1978). 

The ages of rocks in the Yellowknife Supergroup have 
been determined by variou s methods. Galenas from the 
sulphides near 'Camp' Lake and near 'Aitch' Lake, that a re in 
the upper part of the Hackett River Group, formed about 
2800 Ma ago (using µ = 8.0, Thorpe, pers. comm., 1978) . 
Zircons extracted from rhyolite from the Back Group give a 
preliminary age of 2670 Ma (Lambert, 1976). 

Several cross-sections are given in Figures 15.3 and 
15.4. One of the principal characteristics of the belt is the 
lateral discontinuit y of the individual beds, which commonly 
pinch out or interfinger with other beds along strike. In 
addition, where detailed work has been carried out, steep, 
possibly synvolcanic faults have been noted cutting across 
strike, furthe r disrupting stratigraphic continuity . 
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TABLE OF FORMATIONS 

SUPERGROUP, GROUP 
FORMATION, MEMBER 

Glacial 

LITHOLOGY 

gravel, sand, silt, clay 

Profound Unconformity 

Mackenzie diabase Gabbro, diabase dykes and sills 

Intrusive Contact 

Gab bro Sill 

Intrusive Contact 

Goulburn Group 

Burnside River Formation Pink quartzite , conglomerate , 
sandstone 

Western River Formation 

Upper argillite member including greywacke , grey argillite, 
siltstone, quartzite 

Quartzite member including sandstone , dolomitic 
sandstone 

Red siltstone member including white quartzite, carbonate 
rocks, sa1ndstone 

Local argillite member 

Unconformity 

Malley diabase Gabbro, diabase dykes 

Intrusive Contact 

Regan intrusive suite 

Pegmatite composed of muscovite , quartz and 
K-f eldspar 

Granite muscovite , biotite granite 

Granodiorite biotite and/or hornblende 
granodiorite 

Tonalite biotite and/or hornblende tonalite 

Diorite hornblende diorite 

Intrusive Contact 

Yellowknife Supergroup 

Back Group Flows , pyroclastics , chemical 
sediments 

Beechey Lake Group Greywacke , sandstone, siltstone , 
argillite 

Hackett River Group Dominantly volcanic rocks 

Ignerit Formation Felsic to basic volcanics with 
chemical sediments 

Nauna Formation Basic to felsic volcanics , 
flows and pyroclastics 

Siorak Formation Quartzofe l dspathic and mafic 
gneiss and schist 

Unconformity(?) 

Hanimor granitoid complex Tonalite , diorite , granodiorite , 
gabbro and migmatite 



Hacket River Group 

The Hackett River Group includes all of the sup ra­
crusta1 rocks that make up the informally termed Hackett 
River greenstone belt (Frith and Hill, 1975; Frith et al., 1977; 
Padgham et al., 1975b). The group is divided into three 
fo rmations, which include: the Siorak, a lower gneissic and 
schistose formation that overlies a granitoid complex; the 
Nauna, an intermediate, dominantly metavolcanic formation; 
and the Ignerit, an upper mixed metavolcanic and metasedi ­
mentary formation which overlies most parts of Siorak and 
Nauna formations. 

Sio rak Formation The type section fo r the Siorak 
Formation is in the Hackett River area (Fig . 15.2). The 
formation derives its name from the Bathurst Innuit word for 
'sand'. Five stratigraphic sections were studied and one type 
section selected (A-A', Fig. 15.4). 

The Siorak Formation comprises schists and gneisses 
exposed on the f lanks of the Hackett River gneiss dome . 
Although the origi nal thickness of the formation is unknown, 
its present thickness is between 500 and 1000 m. 
Intraformationa1 folds are loca l ly present; however, the 
stratigraphic order of the members as shown in Figure 15 .4 is 
constant. 

The base of the Siorak Formation is in contact with the 
Hanimor granito id complex. Contact relat ions are, for t he 
most part, obscured by pegmatitic in trus ions and intense 
deformation . Where the contact is visib le, it is sharp, but the 
nature of the contact is unknown . The contact of the Siorak 
with the overlying Ignerit Formation is gradationa1 and 
contacts of members within the Siorak Fo rmation are also 
grada tional. 

1 = Yel lowknife Supergroup volcanic rocks 

2 = Yel lowknife Supergroup sedimentary rocks 

3 = migmatite derived from Yellowknife Supergroup rocks 

4 = granitoid rock 

5 = Proterozoic cover rocks 

Figure 15.l 

Geologic sketch map of the Slave Province with the location 
of the supracrustal rocks of this report and the principal 
geographic locations of the region as a whole. 

The Siorak Formation consists of four members. The 
lowest is an interlaminated quart zofeldspathic gneiss and 
biotitic schist, approximately 250-350 m thick . The gneiss is a 
medium grained foliated rock consisting mainly of quartz, 
plagioclase and biotite, with minor co rd ierite, chlo rite, 
sillimanite, kyanite, garnet, ged rite, cummingtonite and 
apatite . The biotitic schist is medium - to coarse-grained, and 
made up primari ly of biotite, chlorite, quartz and p1agioc1ase, 
with some cordierite, apat ite and ilmenite . Elliptical to 
round quartz bodies 1- 30 cm in diameter are common in the 
upper two thirds of the member. 

The second member is a coarse grained, mafic gneiss or 
schist consisting mainly of amphibole (anthophyllite -gedrite, 
cummingtonite), as well as co rdierite , garnet, biotite, 
ch lorite, staurolite, quartz, plagioc lase, ilmenite, magnetite 
and chalcopyrite . It is up to 20 m thick and occu rs 310-475 m 
above the base of the formation. Rounded to ir regular quartz 
bodies of uncertain origin a re present , as are quartzo­
fe ldspathic layers. 

The third member, interlaminated quartzofeldspathic 
gneiss and biotite schist, is 100-500 m thick and resembles 
the lowermost member of the formation . 

The fou r th member is a se ricitic schist 35-50 m th ick. It 
is medium g rained and consists of muscovite, quartz, plag io­
clase, biotite and some sillimanite . 

In gene ra l, throughout the mo re mafic rocks, basic pods 
may occur, 1-50 m thick, of foliated hornblende-plagioclase­
cummingtonite rocks . 

Nauna Formation The Nauna Forma t ion is named after 
the Bathurst Inlet Innuit wo rd for 'unk nown' . The fo rmation 
extends t he length of t he Hackett River volcanic be lt a nd its 
thick ness ranges from 2000 m near the cent re of the belt to 
mo re than 8000 m sou t hwest of Hackett Rive r. 

The formation is made up do minantly of vo lcan ic f lows, 
pyroclastics and in trusive si lls of fe lsic and mafic com posi­
t ion . The no rthern sector of the belt is more fe lsic t han the 
central and southern sectors. Individual units t ha t make up 
the fo rmation are characteristically discont inuous a long 
strike. 

A type section (C-C', Fig. 15 .3) was chosen where 
metamo rph ic grade is lowest, near the centre of the belt, a nd 
whe re d·=tailed l :6000 scale mapping (unpublished) was 
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carried out by S.M. Roscoe and others. An additional 
reference section is included to represent lithologies from 
another depositional environment. In the type sect ion, 
textures developed in a submarine environment are common, 
whereas in section D-D', volcanic textures of both sub ma rine 
and subaerial origin are present. The description of the type 
sect ion follows . 

The type section (C-C', Fig. 15 .3) contact of the Nauna 
with the basal Hanimo r granitoid complex is sharp and steepl y 
dipping . The basal member is a fine grained pyritiferous 
amphibolite gneiss that is loca ll y mylonitized. The rocks are 
fine grained, veined, and contain hornblende phenocrysts . Th is 
member is 80 m thick and vertical bedding, possibly with 
pillow structures, is present . It is overlain by an aphanitic, 
massive quartz-eye rh yo lite with so me apparent primary flow 
banding. Mylonite zones a re present in some outcrops. Fine 
sericite is the only secondary mineral evident. The rhyolite, 
which is 340 m thick, is intruded midway by an elliptical plug 
of fine, even grained gabbro that is about 160 m thick. A 
50 m thick quartz-eye rhyolite unit overlies the massive 
rh yoli t e body and is distinguished from it by the presence of 
streaky mafic laye rs inte rcala t ed with flinty massive light­
green rock . The upper rhyolite is overlain by a 160 m thick 
unit of pillowed, amygda loida l andesite and basalt. The 
pillowed sequence is overlain by a 10 m thick laye r of 
aphan itic , grey, quartz-eye rhyolite . This sequence of 
volcanic rocks, a lthough of mixed lithology, is predominantly 
felsic . 

Thi s is over lain by a 600 m thick seque nce that consists 
ma inly of pi llowed andesi te and basalt with 5- 10 m inter­
laye rs of rhyolitic tuff. Thin pyritiferous zones a few 
centimetres thic k occur at the top s of some flow units, along 
with thin py ritiferous basaltic tuff beds that show excellent 
graded bedding. Three distinct ru sty flow-top horizons can be 
observed within this sequence . The top of th e Nauna is 
marked by the contact between the mafic volcanics and the 
overlying calca reous volcanic breccia of the Ignerit 
Formation that in this loca lity is only 60 m thick. 

Contrasting with rocks of the type section are roc ks of 
the 'Aitch ' Lake caldron st ructure (D-D', Fig. 15.3), the 
centre of which contains the Yava layered sulphide deposit. 
Parts of the section and environs have been diamond dri ll ed 
and the region has been mapped at a 1 :6000 sca le. 

In this section the con tac t with the Han imor granitoid 
complex is cove red by drift, but isolated outcrops of the 
lowest unit are basic gneisses. These consi s t of either coarse 
andesite -basalt f lows or intrusive diorite-gabbro. The 
granitoid gneisses of the Ha nimor granitoid complex a re cut 
by dykelets of aplite and granite that strike consistently in an 
east-west direction. The lower basic gneisses are intruded by, 
and exhibit sharp contac ts with, a thick si ll of massive 
hornb lende tonalite that is about 3000 m thic k. Smaller but 
mo re extensive si ll s of similar composition intrude pa rt of the 
ove r lying Igner it Formation . These are late-volcanic sills 
presumably associated with calde ron subsidence (Frith and 
Roscoe, in prep .). The sills are fresh-looking and undeformed, 
except along upper contacts, which are loca lly alte red and 
bioti tized. 

The volcanic rocks overlying the tonalite si ll are 
vertically foliated and consist of a 7200 m thic k sequence of 
basaltic flows with minor pyroc lastics and thin beds of 
rhyolitic tuff and quartz -eye rh yolite. Along the base , a 
brecciated rh yolite zone is present. Irregular, 300 m thick 
bodies, mapped as gabbro or flows, occur within the sequence. 
No textures diagnos ti c of submarine conditions were 
rec ognized along this part of the sec tion . However, 4- 5 km 
a long str ike to the south so me pil low structures a re present, 
ind icating the base of the sequence may have been deposited 
under submarine conditions. The depositional environment in 
the upper part of the member remains uncerta in . 

Ove rl ying the basaltic flo ws is a sequence characterized 
by welded tuff textu res, indicating subaerial deposition. The 
rocks a re relatively homogeneous a nd their bulk compos iti on 
is andesitic (Cameron and Durham, 1974). In detail, they a re 
made up of small irregula r fragments, many of whi ch a re 
dark, wispy, frayed and biotite-bearing. These fragm ents a re 
commonly flattened into irregu la r discoid shapes, and have 
been interpreted as squashed pumice fragments (Lambert, 
pers. comm .; Fri th e t a l., 1977). Other fragments are 
rhyolitic and basaltic, indicat ing two sources. Parts of the 
seque nce a re dac itic in bulk composition and occur in 60 -
120 m thick latera ll y discontinuous beds . 

The upper part of the ignimbritic sequence is com plex . 
The upper part conta ins f lows or intrusions up to 150 m thick 
of basalt or gabb ro, some of which sho w crosscu tti ng 
relationships . These bodies com monly terminate abruptly. The 
overlying rocks are tuffs with fine graded bedding which 
forms part of the overlying Ignerit Formation. Along strike 
these contain the layered su lphides of the Yava deposit, a long 
with other chemical and volcanic sediments , flo ws and 
pyroclastics. 

Ignerit Formation The Ignerit Formation derives its 
name from the Innuit na me for 'pyrite'. It contai ns a ll the 
potentially important mineral deposits of t he Hackett Ri ver 
volcan ic belt. The unit is mainly volcanic , but is distinguished 
from the Nauna vo lcanics by the greater abundance of 
dolomite, calciu m ca rbonate, silicate iron formation, c hert, 
oxide iron formation and su lphide deposits. Jn addition, the 
rocks a re loca ll y a rgillaceous and more micaceous where 
meta morphosed . Late ra ll y extensive zones of su lphide 
mineralization, banded iron formation a nd gra phiti c sha le, a re 
common. 

The principal rock types of th e Igne rit Formation a re 
thinl y bedded, felsic and basic f lows and pyroclastics that a re 
separated and intercala t ed with chemical sed ime nts, 
principally su lphides. In the type section (A-A', Fig. 15.3) the 
proportion of felsic to basic volcanics is about equal. The 
formation can be divided into four members, each capped by 
a zone of su lphide-rich, com monly bleached volcanic rock. 
The lower contact of the Siorak grades from a se ricitic tuff 
to a tuff with no sericite . The tuff is about 100 m thick, and 
is overlain by thin a ndesitic flows with hornblende 
phenocrysts, and by rh yolite pyroclastic rocks. The second 
member is mostly rh yolite, with laye rs of breccia conta ining 
fe ls ic clasts in a mafic matrix and one locally pyritiferous 
zone . The third member is a thin rusty andesite overlain by 
rh yolite tuff a nd pillowed to massive andesite , with some 
laye rs of rh yo lite . The top consis t s of mafic hornble nde 
porph yry overlain by a ca lc-silica te -bea ring rh yolite­
carbonate bed with an upper ru sty zone. The upper member 
cons is t s of pillowed and massive andesite wi th pyroclastic 
andesite and rhyo li te, and is 2000 m thick . 

In the refere nce section th rough 'Ca mp' Lake (B-B' , 
Fig . 15.3, 15.5) th e Ignerit Formation overlies the Siorak. The 
lowe r member of th e formation is felsic, as in A-A' and it 
thickens to 1000 m. Other differences include the presence of 
a n extensive ca rbonate and banded iron fo rm a tion at the base 
of the formation. In section A-A' there a re four or possibly 
five zones of c hemical sedi ments. These are also present in 
section B-B' and may be corre lative. The uppermost zone 
forms the laye red sulphide deposits of t he 'Camp ' Lake 
region . The stratigraphy contrasts with A- A' in the uppe r 
third of th e stratigraphic pile, which forms the footwall rocks 
of the 'Cam p' Lake deposit in B-B'. A laha ric breccia unit, 
concave upward and 1ensoid in shape in section, underlies a 
finely bedded member of volcanic and sed imenta ry rocks that 
contain abu nda nt s illimanite porphyroblasts. Alterat ion stock­
works within this me mbe r a re hig hl y si licif ied and conta in 
varied amounts of sulphide minera ls, inc luding cha lcopy rite, 
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A-A' Type-section for the Ignerit Formation and the Siorak 
Formation. See also section A-A' {Fig. 15.4). 

C-C' Type-section for the Nauna Formation. 

Figure 15.3. Reference and type-sections for formations of the 
Hackett River Group. 
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Figure 15.4. Reference sections and type-section (A-A') for the 
Siorak Formation near Hackett River. 
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spha le r ite and galena . The a lte red member is ove rlain by an 
in te rlaye red sedimentary and volcanic member wh ich includes 
t he main sulphide deposits, along with chert, cherty tuff, 
calc-silicate rock, and argillaceous tuff. The sulphides occur 
as disseminated a nd massive layered units. 

Parts of the Hackett River Group are highly deformed, 
metamo rphosed or migmatized and division into formations 
was not practical. These rocks have been grouped with those 
of the Hackett River Group because of their bulk composi­
tional simi larity, rem nant volcanic textures and structures, 
and t heir obvious structure and stratigraphic relationship to 
the group as a whole . Most are thought to be reworked Nauna 
volcanics . 

Beechey Lake Group 

The Beechey Lake Group is named after Beec hey Lake, 
a large lake that forms part of the Back River, where it 
changes course from north to east. The group was informally 
refer red to as the "Index Lake" group by Jefferson et al. 
(l 976b). The present terminology inc ludes all metasedi­
mentary rocks and some minor metavolcanic rocks which 
overli e the Hackett River Group, but excludes the Back 
Group (see be low) in the Nose and Beechey lakes map areas. 

The Beechey Lake Group within the map area consists 
primaril y of greywacke-mudstones that a re thin to thickly 
bedded and va ry in metamorphic grade from greensc hist to 
upper amphibolit e . The low-grade rocks are usually made up 
of quartz, plagioclase, chlorite, biotite and muscovite . The 
rocks a re tight ly folded and the thic kest sections are exposed 
on ly on the limbs of the larger folds. No complete 
st ratigraphic section is known in the map area. Three areas 
a re desc ribed : one near the Back River; one overlying the 
main limb of the Hackett River belt; and the third in the 
southern pa rt of the map area near the Back Group . 

+ + + + 
~ c B A 
The rocks of the group are steeply dipping and generally 

overturned. Northeast of the Hackett River Group, along the 
Back River, the bedding is overturned to the south west for 
5 km and then to the northeast almost to the contac t with the 
Goulburn Group. Thrust faulting to the northeast has probably 
caused repetition of beds as the apparent thick ness in some 
areas would be in excess of 40 km. Some isoc linal fo ld 
c losures a re present near these possi ble dislocations, but 
bedd ing is reversed only locall y. The sequence near the 
volcanic-sedimentary interface is made up of argillaceous 
mudstones, whereas farther a way from the interface, 
argillaceous to sandy greywackes a nd coarse sandy 
greywackes a re prevalent. The best exposures pa rallel the 
mostly navigable Back River. 

The lowermost rocks of the Beechey Lake Group in the 
'Aitc h' Lake area (Section D-D', Fig . 15.3) have been 
desc ribed by Henderson (197 5). The basal member is a 
carbonaceous and pyritic shale about 200 m thick that lies 
confor mably on the Hackett River Group volcanic roc ks. 
This extends about 10 km along the volcanic-sedimentary 
contac t, gradually thinning to the margins of a basi n centred 
over the 'Aitc h' Lake caldron struc ture . This is overlain along 
a relatively sharp contact by thin bedded volcanogenic 
siltstones which become progressively coarser toward the 
east, whe re they bec ome more typical of the Yellowknife 
Supergroup. 

A thin discontinuous bed of silicate-chert-magnetite 
iron formation, followed within a few metres by a 50 m thic k 
sequence of oxide iron formation containing argillite and 
che rt, occ urs 500 metres east of the sha le-siltstone contac t 
within the greywacke turbidites. The aeromagnetic expression 
of the iron formation can be traced, with some nebulous 
intervals , for 55 km. 
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Figure 15.5. Suggested stratigraphic relationships for the Yellowknife Supergroup of the Nose-Beechey lakes map area. This is a 
northeast-southwest sec tion through the northern part of the belt, with the geology to the north and south 
projec ted onto the sect ion . Layered rocks in contact are con{ ormable except at the base of the Back Group, where 
slight angular unconformities have been observed. Symbols are the sam e as in Figure 15.3. 

The Beechey greywacke-mudstones both underlie and 
overlie the Back Group. The underlying rocks are thickly 
bedded, wi th grey to black a rgillaceous mudstone contai ning 
g raded beds a nd rare rip-up structures . Nea r the Back River, 
where the Beechey greywacke- mudstones are thought to 
ove rli e the Back Group, the greywackes "a re among the 
coa rsest grained a nd thickest bedded seen anywhe re in the 
Slave Province" (Henderson, 197 5, p. 326) and they are 
do minant ly co mpr ised of volcanic debris . This contact of the 
Beechey Lake greywacke-mudstones with the Back Group 
may be sim ilar to the contacts with the Hackett River Group, 
the Back Group contact being characterized by thin 
carbonaceous mudstone unit s and iron fo rmat ions, so me of 
which can be traced for 20 km (Henderson, 19 7 5). 

Back Group 

The Back Group is named after the Back River, which 
flows along the sou theast margin of the calde ra complex . The 
group is a third and most ly you nge r succession of sup racrustal 
rocks of the Ye llowknife Supe rgroup. The group was 
informally referred to as the Back River volcanic complex by 
Lambert (1976, 1978) and the Back River volcanic belt by 
Frith et a l. ( 1977). 

The co mpl ex has a roughly elongate sauce r shape a nd 
con tains sha llow dipping, laterall y discontinuous, volcanic 
rocks of different composition and textural type. Towards 
the nor th the complex is t hin and outliers, both round a nd 
sinuous, a re present . He re the con tacts with the under lyi ng 
greywacke-mudstones a re s ligh tly unconformable, with 
rhyolite and quartz- pebble conglomerate forming part of the 
lower Back Group succession. Locally , volcanic rubbl e with 
clasts up to several metres can be observed. 

The following description of t he Back Group is based 
mainly on the work of La mbe rt (1976, 1978). The group is 
little deformed and metamorphosed . It comp rises dominantly 
felsic to intermediate volcanics, includ ing t uffs, breccias , 
lavas a nd dom es, tha t erupted in both subae ria l and 
subaqueous environments. The pile was built up above sea 
leve l during explosive eruptions of pyroc lastics. Pa rts of the 
pile collapsed by ca ldron subsidence in two principal stages 
(Lambert , 1978). Rh yolite flows, dykes and domes are 
concentrated along concentric ring-fractures . Co ll apse 
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breccias and lahars flank parts of the complex. Ca rbona te 
was deposited with tufa and breccia a long ring-fracture s and 
a long the margins of the caldera . The units in the complex 
have been onl y slightly deformed and are gently to inwardly 
dipping. 

The northwestern part of the co mpl ex is the most basic 
in composition. He re thick pillowed flows of basalt overlie 
da rk grey to black mudstones. The contact is sha rp at the 
base of the f lows but the ir tops a re brecciated and ca rbonate 
infi lling is abundant. The north ma rgin sediments a re 
conto rted, but in places sedimenta ry rocks which include 
banded iron form ation , ca rbonate , and inter laye red tuff and 
muds tone-g reywacke, overli e the Back Group volcanics. The 
east-centra l side of the complex contains a unique brown 
oo lit ic ca rbona te . 

Andesites a re by fa r the most vo luminous rock type . In 
places they ove rlie the northwest basalts. However, in the 
northeastern part of th e complex, a ndesites conformably 
overlie Beechey Lake mudstones. Locall y, slightl y angular 
unconformities may be observed. West of Regan Lake , the 
base of outliers of andes ite a nd dacite is in part con­
glomera tic, with rhyolite and quartz c lasts . 

Dacites a re commonly tuffs, breccias and massive 
flo ws. Some outli e rs suggest that a more ex tensive area was 
originally cove red by volcanics. The flows a re com monl y 
aphanitic with milk-whit e quartz phenocrysts in a white, pink 
or gree n groundmass. 

Some tuffs a nd breccias may have been deposited 
subae ri a ll y (La mbe rt, 1976). The breccias contain a ngul a r 
fr agment s up to 25 c m in length in an unsorted dacitic 
matrix . Better sort ing is evident in conglomerat ic beds. 

Rhyolitic domes a re made up of flows and possibly 
intrusions of massive quartz-eye rhyo lite . The margins are 
locally autobrecciated. Some bodies contain a lbite pheno­
c rys t s in a matrix of a lbite microlites a nd quartz . Quartz may 
or may not be present as phenoc ryst s. Some bodies prese rve 
prima ry flow banding a nd loca lly conta in ca rbonate, 
disseminated pyrite and mi no r Cu-Pb-Zn su lphides 
(La mbert, 1977). 

The volcanics a nd underlyi ng greywackes a re cu t by a 
multitude of gabbro, tonalite and mafic porphyry dykes, 



particu larly on the west side of the complex. The gabbros are 
steeply dipping dykes up to 1 OOO m wide and up to 20 km long. 
Composition of the dykes can va ry a long st rike and chilled 
margins have been observed . Gra nophyric dyke centres may 
conta in up to 25 per cent quartz and 50 per cen t albite 
(Lambert, 1978). 

The contacts between the volcanics and the sediments 
a re complicated by deformation. The sediments are 
commonl y highly deformed, whereas the overlying volcanics 
a re much less disturbed . Where sediments interfinger with 
and ove rlie the volcanics, prim a ry sedimenta ry struc tures 
may be preserved. 

The thickness of the group is difficu lt to assess because 
it is essentially flat lying and there is little or no topographic 
relief. However , along the northern margin, where rocks a re 
relativel y undisturbed, the group is a t least 1800 m thic k. 

The Hanimor Granitoid Complex 

The Hanimor granitoid complex is composed of 
tona litic , trondhjemiti c , granodioritic and dioritic gneisses, 
intruded by generally more massive and less deformed bodies 
of granite, granodiorite and hypabyssa l diabase , and granitic 
pegmatite. Intrusive re la tion sh ips have not been observed 
between the tonalitic and trondhjemiti c gneisses and any 
other roc k type, either of the comple x or of the supracrustal 
sequence. The gneissic unit is stratigraphically the lowest 
unit exposed in the a rea a nd the gneissic rocks are 
structurally a nd compositionally compl ex . The complex 
occ urs in the co re of the Hacke tt Ri ve r gneiss dome a nd west 
of 'Aitc h' Lake, near the cen tre of the Hackett River belt. 

In section A- A' (Fig. I 5.3) the underlying complex is 
more than 7 5 per cent medium-gra ined granodiorite with 
c lots of hornblende or biotite in an even-grained matrix of 
quartz, plagioc lase, and hornblende, with some perthite. The 
granodiorite intrudes a gneissic trondhjemite and both are 
int ruded by gabbro dykes. The granodiorite may be re la ted to 
the Regan intrusive suite, which inc ludes granite, grano­
diorite and diorite that occur as plutons cut ting all Archean 
rock units. 

The trondhjemite is fine- to medium-grained a nd 
slightly porphyritic, commonly with phenoc ryst s of quartz up 
to 4 mm in dia meter. The foliation is defined by streaks of 
biotite, commonly 5-15 per cent, in a matrix of oligoclase and 
quartz the two being present in about equal proportions. 
Hornblende may make up to 5 per cent and locally, pe rthitic 
feldspar, zircon, sphene, rutile and ilmenite, are present as 
accesso ries. The trondhjemite gneiss has not been observed 
cu tting the Siorak Formation. 

The granitoid rocks that form the basa l complex west of 
'Ai tch' Lake underlie the narrowest part of the Hackett River 
greenstone belt. The complex, like the co re of the Hackett 
River gneiss dome, is intruded by postvolcanic granodiorite 
and gabbroic rocks as irregular seg regations and dykes . 

At the contact with the volcanics, younger intrusive 
granitic dykelets commonly cut the volcanic rocks. Older 
plutonic phases, comprising diorite, tonalite and possibly 
granodiorite, are commonly sheared along north-south 
t rending lineaments which tend to parallel the volcanic 
contact. Some tonalitic sills and plugs intrude the volcanics, 
but these are undeformed and more or less contemporaneous 
with the 'Aitch ' Lake caldron subsidence event and related to 
late-stage acid volcanism (Frith and Roscoe, in prep .). 

Older parts of the complex have not been radio­
metrically dated. A preliminary z ircon, U-Pb determination 
and a Rb-Sr isochron on a younge r granodiorite phase of the 
complex give ages of 2666 Ma and 2540 ± 130 Ma respectivel y 

(W anless, pers. comm ., 1978). The Rb-Sr age is similar to 
others obtained from rocks of the Regan intrusive suite, 
suggest ing that the later granodiorite phase may be coeval. 
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II : SCIENTIFIC AND TECHNICAL NOTES 

SAMPLING OF BOTTOM SEDIMENTS IN THE EQUATORIAL 
PACIFIC FOLLOWING TEST MANGANESE MINING* 

Gustavs Vilks 
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Dartmouth, Nova Scotia 

Stephen A. Swift 
Pac ific Marine Environmental Laborato ry, 
National Oceanic a nd Atmospheric Administration, 
Seattle, Washington 98115 

Introduction 

During March and April of 1978, Ocean Management 
Inc. (OM!) car ried out an experiment to retrieve manganese 
nodules from the seafloor of the Pacific Ocean south of 
Hawaii (Fig . 1). The manganese nodules and surface sediment 
were scooped up by a collecting unit on the bottom of the 
ocean and a mixture of bottom water, sediment, and nodules 
was pumped to the surface through a pipe of the drill ship 
SEDCO 445. 

The effect of the mining activity on the environment 
was monitored by members of the Deep Ocean Mining 
Environmental Study (DOMES) project , which is administered 
by the Pacific Marine Environmental Laboratory of NOAA in 
Seattle, Washington. The oceanographic surveys associated 
with the monitoring were carried out from the NOAA ship 
OCEANOGRAPHER. 

During the mining operations, OCEANOGRAPHER 
monitored the extent and cha racte ristics of the suspended 
sediment plume spreading from the mining vessel a nd from 
the seabottom collection. Resuspended material was 
collected and oceanographic parameters measured within the 
euphotic surface zone and c lose to the bottom as part of a 
study of plume dispersal patterns and mechanisms. Post­
mining operations consisted primarily of a systematic collec ­
tion of benthic faunas, which will be compared with the base 
line information obtained prior to the mining. This report is a 
preliminary assessment of the nature of sediments collected 
during the post-mining phase . 

During the initial phase of DOMES the oceanography of 
the northeastern tropical Pacific was studied to establish a 
comprehensive base line data set against whic h post-mining 
surveys could be statistically compared (Ozturgut et al., 
1978). The mining site (Fig. l) lies within the eastward 
flowing North Equatorial Counter Current just south of a 
divergence zone at about l0°N. Nutrient concentrations in 
the wind mixed layer (40-50 m thick) are compara ble to 
values at the equator (Montgomery and Stroup, 1962), but 
produc tivity within the euphotic zone (110-120 m thick) is 
much less (Koblentz- Mishke, et al., 1970). Concen tration of 
suspended particulate matter in the surface water is highest 
at 50-80 m (in t he pyc noc line) where there is a maximum in 
the chlorophyll i! (a measure of phytoplankton standing stock) 
vertical profile-:- The small amount of particulate matter 
found below 200 m (<10-20 µg/L) is fine calcareous and 
organic debris derived from the breakup of fast settling zoo 
plankton fecal pellets. Within the bottom 400 m the 10 µg/L 
while te mperature and salinity show no significant change. 
Baker et al. (1978), using geochemical evidence, suggested 
that the SPM was mostly resuspended bottom sediment. Near 
bottom currents (measured for 143 days in 1976 at 6 m off 
the bottom) averaged 3.2 cm s - 1 to the north west. Maximum 
reco rded speeds of 20-25 cm s - 1 were probably sufficient to 
erode fine grained bottom sediments. 
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Figure 1. Index map. 

The water depth at the mining site ra nges from 4600 to 
5300 m. The average relief of the abyssal hills is 400 m; 
slopes a re com monly less than 5° (but ranging up to as steep 
as 36°); and their axial trend is to the north and northeast. 
Crustal age is 75-80 Ma (va n Andel et al., 1975). Accord ing to 
Piper et al. (1977), the average sediment thickness is about 
150 m, high angle faulting of sed iments is present, a nd 
subsurface acoustic reflec tors reach the surface along the 
slopes of the abyssal hills. The basic sediment type is a 
Quaternary brown silliceous c lay with significant amounts of 
reworked Tertia ry fossils. Sedimentation rates average 
1-3 mm/10 3 years. Only trace amounts of calc ium carboante 
are found in the sed iments despite the fact that coccolitho­
phorids are the dominant phytopla nkton in the surface waters; 
the calcium carbonate compensation depth lies at about 
4500 m (va n Andel et a l. , 197 5). 

Methods 

Sampling stations were c hose n ra ndomly within a 
9xl l km rectangle, where the mining activity had taken 
place. The exact sampling sites were established with 
Accoustic Transponder Navigation (A TNA V) system using 14 
reference transponders on the seafloor. The sampling­
navigation array lowered from the ship consisted of a pinger 
and a transponder attached to the cable above a 0.5x0.5 m 
boxcore. At selectable intervals (3 minutes), a shipborne 
compute r initiates an interrogation between the tra nsponde rs 
on the sea floor and on the sampling unit. On the basis of 
signal travel times, the computer is programmed to plot the 
position of the sampler (as it descends) relative to the 
reference transponders on the bottom. At alternate intervals 
the shipborne ATNAV interrogates direc tly the seaf loor 
transponders to determine the ship 's position. As a result of 
the constant updating of the two positions, the ship can be 
manouvered to take bottom samples to the accuracy of ship's 
length from the desired locality of the seafloor 5000 m below. 

Between May 18 and 28, 1978, 38 boxcores were taken 
in water ranging in depth from 4900 to 5300 m. In 26 cores 
(68 %) the surface sediment was undisturbed. From these 
cores the uppermost 10 cm of sediment and all manganese 
nodules were removed for a subsequent study of benthic 
fauna . Observations of manganese nodule distribution and 
changes in sediment charac teristics with depth were made in 
most of the 38 cores. 

Contribution No. 376 from NOAA/ERL Pacific Marine Environmental Laboratory. 

From: Scientific and Technical Notes 
in Curr ent Resear ch, Par t C; 
Geol. Surv. Can .. Paper 78-lC. 99 



A B Figure 2 

A. Correlation of manganese module abundance 
with water depth and slope of seaf loor. 

B. Correlation of sediment colour with water 
depth and slope of seafloor. 
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represent a previous period of nondeposi­
tion and erosion. Afte r removal of the 
recent layer, the upper surface of the 
semiconsolidated clays is pitted (to depth 
of 1-2 cm) exposing excellent cross­
sections of the burrows described above. 
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The sharp upper contact and the 
comparatively high consolidation 
characteristics of the subsurface clays 

Observations 

The surface layer of the sediments is light brown and on 
the average JO cm thick with a range from 30 cm to a few 
millimetres. Sediment coa rser than 74 microns is partly 
fibrous, brownish grey biogenic material, with no evidence of 
calca reous skeletons being present . 

Manganese nodules were found lying on top of the 
surface sediment in each of the boxcores taken. Generally, 
the nodules are flattened ovoids, but are occasionally 
irregular, rounded or botryoidal. The maximum diameters 
range from 0.5 cm to JO cm, with an average of approxi ­
mately 4 cm . The surface of the nodules is either smooth or 
gritty and slightly friable . 

Manganese nodules are present in higher numbers where 
the sur face layer of the sediment is thicker than 5 cm . The 
nodules lie evenly distributed on the surface of the soft mud 
and are partly submerged. The estimated average bottom 
surface cove red by the nodules is 25% of the 2500 cm 2 taken 
by each boxcore . The maximum estimated area covered by 
the nodules is 80% and the minimum about I per cent. The 
depth of water or the slope of the seafloor in the vicinity of 
the sampling site do not correlate with nodul e abundance 
(Fig . 2A). 

Only few and small benthic animals were visible on top 
of the sediment. Most commonly, sessile animals (sponges, 
foraminifera) were attached to the nodules. Occasionally the 
surface of the clay was covered with recognizable fecal 
pellets, casts or worm tubes . One boxcore contained a sea 
urchin and several samples included brittle stars . 

The lithostratigra phy in the cores cons ists basically of 
two kinds. The more common type (23 out of 33 observations) 
consists of a homogeneous and oozy surface layer that grades 
at a depth of 10-15 c m to a more cohesive and mottled clay . 
Below the surface layer the colour pattern is characterized 
by light brown burrow infillings in a medium brown matrix. 
The sec ond type has simi lar surface layer, but the contact 
between the surface and subsurface sediments is sharp with a 
very thin surface layer evident in a few of the co res . Below 
the surface the colour is dark brown and the sediment 
separates in fragments and is not sticky. This deeper layer 
contains numerous burrows, some of which are very large 
(5 cm in diam). The burrows are filled with lighter co loured 
clay in several colour zones . A light brown central zone 
grades to a bright ye llow marginal zone that has a sharp 
contact with the matrix . A thin layer of black sediment 
separates the matrix from sediment in the burrows. 

The sharp contac t between the thin layer of the oozy 
recent sediments (missing on one co re) and the semicon­
so lidated subsurface c lays of the second type probably 
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suggest a much greater age for the dark 
brown, dry clay of the second type. 

The lithologic evidence suggests pelagic sedimentation 
of the now semi-consolidated dark brown unit, a period of 
erosion ending at least 17 OOO yea rs before present (5 cm 
surface ooze at 0.3 cm/ 1 OOO yea rs from Thayer, 1977), 
followed by a period of normal pelagic sedimentation of the 
light brown unit . The occurrence of the two lithologies 
(Fig. 2B) suggest that the erosion occurred more frequently at 
the base of the abyssal hills where there are a wide range of 
slopes . However, these distribution patterns can be explained 
as well by nonuniform sedimentation since the erosional 
event . Winnowing of fine grained material from around the 
base of abyssal hills may have produced thinner deposits of 
post -erosion sed iments in some locations, allowing the 
boxcore to penetrate to the much older consolidated sedi ­
ments below. Detai led biostratigraphic studies of these cores 
are needed to describe the sequence of sedimentation events. 
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SPORE FLUORESCENCE COLORATION - A RAPID 
MICROSCOPIC METHOD OF MATURATION ASSESSMENT 

Stephen Creaney 
Institute of Sedimentary and Petroleum Geology, Calgary 

Introduction 

Microscopic 'rank' or maturation assessment cu rr ently 
involves three techniques: 

1) Vitrinite reflectance determination . This developed from 
the ear ly work of Hoffman and Je nkner (1 932) and was 
used by several subsequent authors to assess coal rank 
Seyler (1948), Broadbent and Shaw (1955), McCartney and 
Ergun (1958), Mu rchison (1958), Kotter (1960). Recent ly 
this type of work has been extended to include vitrinite 
contained in other sediment types (Bostick, 1970, 1971; 
Castano and Sparks, 1974). 

2) Transmitted light coloration of various organic matter 
types. This technique was initiated by Gutjahr (1966) who 
used the colour of spores and pollen grains in transmitted 
light as a rank indicator . The method was further 
developed by StapJin (1969) and utilized by several 
subsequent workers inc luding Correia ( 1971), Cramer a nd 
Diez (1975), Gunther (1976), Bujak et al. (1977) . 

3) The most recent technique utili zes the fluorescent 
properties of spores during ultraviolet irradiation and was 
described by Ottenjahn et al. (1975). The method involves 
photometric measurement of the spectrum of emitted 
light from ult raviolet irradiated spores. Sophisticated 
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measu ring equipment is necessary (TeichmuJJer and Wolf, 
1977) and also computer facilities for rapid data 
processing. 

Vitrinite reflectance is the most accurate microscopic 
rank parameter but the technique is often limited by a 
paucity of first-generation vitrinite w ithin la rge ly marine 
sequences . Transmitted light coJo ration studies are 
subject ive and show only subtle colour variations across the 
prime oil generation zone (B ujak et al., 1977). Spectra! 
fluorescence measurements are relatively time consuming 
and require expensive equ ipment. The present study briefly 
outlines the results of a more approx imate, rapid versi on of 
the spectra l fluorescence technique. 

Results 

Otten jah n et al. (197 4, 197 5) showed by spectral 
measurement that the spectral fluorescence colour of 
sporinite normally shifts to a longe r wavelength as rank 
inc reases; i.e., the fluorescence colour of spor inite changes 
from green in the peat stages to brown in the medium­
volat ile bituminous coal stage. During the present study, 60 
coal samples encompassing this rank range were examined 
under ultrav iolet ir radiation and the f luorescent colour of the 
spore population was simply described . The apparatus used 
was a Leitz MPV 2 microscope equipped with a 100 W high 
pressure mercury lamp and a BG 38/UGJ filter combination, 
to produce ultraviolet radiat ion (365 nm). The results of this 
work are summarized in Figure l. The four si mple colour 
categories in Figu re I are those wh ich could be readi ly 
recognized. 
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Figure 1. Results of 60 coal sampl es examined under ultraviolet irradiation . 
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Figure 2. Results of samples exposed to ultr aviolet irrada­
tion from the Eastcan Herjolf M-92 we ll. 

Obviously simple visual assessment of colour is very 
subjective (Wyszecki and Stiles, 1967) but the results show 
good correlation with the photometrically determined resu lts 
of Ottenjahn et al. (197 5) . Also the colour variation across 
this rank range is reasonably large and consequently the 
various stages are more easily recogn ized. The total 
disappearance of spore fluorescence at 1.05 per cent maxi­
mum vitrinite reflectance and the loss of green coloration. at 
approxima tely 0.45 per cent vitrinite reflectance both agree 
well with previous work and al low approximate division of the 
oil and gas generation zone (up to 1.20 per cent vitrinite 
reflectance - Teichmuller and Wolf (1 977)) . 
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This type of study is currentl y being appli ed to 
Canadian oil and gas exploratory wells and proving useful in 
v i tr in i te deficient sequences . Figure 2 illustrates the results 
from the Eastcan He rjolf M-92 we ll (Labrador Shelf). The 
small a mount of reflectance data that was obtained has been 
supported by extensive spore fluorescence coloration data . 
The spore colorat ions we re determ ined on spores observed in 
relief poli shed "raw cuttings" samples , thus eliminating any 
le ngth y extraction procedu re. The results indicate a thick 
sequence of immatu re to marginally mature sediments 
(green/yellow f luorescence colou r) equ ivalent to a vitrinite 
reflectance of 0.40 to 0.50 per cent . 

Conc lusions 

The results ind icate that visuall y assessed f luorescence 
coloration can provide a very useful support parameter for 
vitrinite ref lectance in vitrinite depleted sequences. 
Subjective colou r determinations suffer from the 
disadvantage of operator dependence but have the advantages 
of being rapid and req uir in g no photometer or data acquisition 
equipment. 
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AN ORTHORHOMBIC UNIT CELL FOR TLALOCITE 

A.C. Roberts 
Central Laboratories and Administrative Services Division 

Tlalocite Cu10ZnG(TeOh (Te04)2C,Q,(OHhs•27 H20 is 
an extremely rare mineral found at the Bambo!Jita mine, 
Moctezuma, Sonora, Mexico. Originally described by 
W ilJiams (197 5), it has been fully character ized except for 
indexing of the powder diffraction pattern. With regard to 
the indexing, Williams states, "A

0
ttempts at ipdexing the 

pattern failed . Two axes, 12.062 A and 16.782 A will index 
most of the Jine s nicely, and after this much progress, failure 
to discover a third axis, assuming an orthorhombic ce ll, 
suggests that the mineral is monoclinic. Alternatively, as 
most of the remaining unindexed Jines are faint, poorer 
d-va!ues may account for the problem." The purpose of this 
short note is to report an orthorhombic cell consistent with 
the powder diffraction data. 

The powder pattern was indexed by a combination of 
visual inspect ion of the d-spacings, the Heese-Lipson 
procedure and trial and error indexing . The two axes 
reported by William s, 12.062 A and 16.782 A, were ~!early 
present and the third ax is, approximately 20. l 0 A was 
deduced by the tr iaJ a nd error method. Refinement of these 
approximate ~e ll parameters Jed to the following unit cell: 
a= 16.780(3) A, b = 19.985(4) A, c = 12.069(3) A. 

The powder data of Williams (197 5) is reproduced in 
Table 1, together with the calculated d-spacings and m i11er 
indices related to Jhe orthorhombic ce ll. The computed cell 
volume is 4047 .32 A 3. Wi th Z = 4, the calcu la t ed density is 
4.58 g/cc, in very good agreement with the value of 4.55 ± 
0.1 g/cc measured by Williams. 

Reference 

Willi ams, S.A . 
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1975: Xocomecatlile, Cu 3 Te04(0Hh, and tlalocite, Cu 1 o 
ZnG(Te03) (Te04)2C,Q, (OH)25 •27 H20, two new 
mineral s from Moctezuma, Sonora, Mexico; Min . 
Mag., v. 40, no . 311, p. 221-226 . 

Table l 

Orthorhombic indexing of TlaJoc ite* 

I d meas. d calc . hk,Q, 

10 16.787 16.780 100 

8 8 . 394 8 . 390 200 

1/2 5.895 5.832 031 

l 5.593 5.593 300 

10 4.201 4 .195 400 

l 4. 101 4 .102 302 

l 3.912 3.912 103 

l 3.569 3 . 569 213 

2 3.442 3 . 444 402 
3 . 444 033 

6 3.355 3.356 500 

3 . 213 440 
1/2 3 .204 3.211 061 

3 .192 511 

2 3.095 
3.097 252 
3.096 260 

l 3 . 026 3 . 017 004 

2 2 . 969 2 . 970 104 

l 2.830 
2.836 442 
2 . 835 053 

3 2 .796 
2 . 797 600 
2.796 153 

2 2 . 700 2.699 611 

3b 2 . 588 2 . 586 362 

3b 2 .473 2.471 180 

2 2.390 2.389 105 

1/2 2 . 329 2.328 073 

3 2. 110 2 .109 661 

2 l .860 l . 860 803 

2 1.817 l. 817 0110 

4 l . 560 1 . 560 186 

*powder data taken from Williams ( 197 5) 

indexed on an orthorhombic cell with a = 16.780(3), 
b = 19 . 985(4) and c = 12 . 069(3) A. 

From: Scientific and Technical Notes 
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OBSERVATIONS ON THE PALEOMAGNETISM OF SOME 
SEDIMENTS FROM ELLESMERE AND DEVON ISLANDS, 
DISTRICT OF FRANKLIN 

R.J. Richardson 
Terrain Sciences Division 

Introduction 

Three short Jake sediment cores and twelve sediment 
plugs from a river section were collected from southern 
Ellesmere Island during the summer of 1977 as part of the 
project entitled "Quaternary Geoc hronology, Arc tic Islands" 
(Blake, 1978). These samples were taken to study the 
paleomagnetic charac teristic s of some Holocene arctic 
sediments. Sampling of the Jake sediments also served to test 
a light-weight (25 kg) gravity corer and tripod constructed for 
S.M. Blasco by the Technical Services Section (G.A. Meil leu r, 
Head), Central Laboratories and Administrative Services. 

The unnamed Jake from whic h cores were recovered 
measures 2.8 by I km; it is situated 15 km west of Makinson 
Inlet, Ellesmere Island (Fig. I, and see Blake, 1978, Fig. 36 .2). 
Coring was carried out from the surface of the ice near the 
southeastern end of the Jake (77°15'N, 82°46'W). The Jake 
was chosen because of its proximity to base camp and 
because in early July it had the solid ice cover (1.8 m thick) 
necessary for coring. Many other lakes in the area, 
particularly those nearer sea level, had Jost most of their ice 
cover because of warm weather during the early summer. 
The elevation of the Jake (over 300 m a.s.J.), its large size 
relative to others in the area, and the depth of water (12 mat 
the coring site) probably contribute to the persistence of ice 
until relatively late in the season. 

The sediment plugs of marine clayey silt were collected 
at a river section 2 km east of the base camp (Fig. I) on 
Swinnerton Peninsula (Fig. 36 .2 in Blake, 1978). 

Figure 1. Map showing the location of the sample sites 
( 1. lake site, 2. river section site), position of the 
North Magnetic Pole, and contours of equal 
magnetic inclination (based on Isoclinic Chart 
1975.0, Earth Physics Branch). 

From: Scientific and Technical Notes 
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Field Methods and Results 

In order to obta in the Ja ke sediment cores, several 
holes, spaced a few tens of centimetres apart, were bored 
through the Jake ic e using a powerdriven unit (ST!HL 
model 4308) with an 8 cm inside diameter core barrel. The 
holes were joined and enlarged using an ice chisel, until a 
30 to 40 cm wide hole (large enough to allow free passage of 
the corer's fins) was produced. Us ing this method it took 
more than two hours to cut through the 1.8 m thickness of 
ice. A light-weight (25 kg) Benthos-type gravity corer 
suspended from a tripod of all a!uminum construc tion (to 
reduce weight for field use) was then dropped through the 
hole. A hand c ranked, rachet-type winch attached to one leg 
of the tripod was used to recover the corer. 

Three short (ea. 19 c m) cores of Jake sediment were 
recovered in Jess than half an hour . The Jack of significant 
penetration of the corer was a resu lt of its light weight and 
the stiffness of the sediment. The sediments are finely 
laminated clayey silts having average c lay and silt contents 
of 30% and 70%, respec tively, based on six analyses (Fig. 2) 
with a SediGraph 5000 Particle Size Analyzer . X-radiographs 
(Fig. 2) show that the two cores c hosen for paleomagnetic 
a nalysis (sample BS-77-25; core 2, core 3) contain identic al 
horizons and, with the exception of the lowermost 2 c m, the 
sediments are undisturbed. Disturbance at the base is 
thought to have been caused by the core catc her. 

Samples of marine c layey silt (32 % clay, 68% silt; 
determined with a SediGraph) were obtained from the river 
section by pushing thin wall ed (2 mm thick) plastic vials 
(4.5 cm in diameter and 9.5 cm Jong) vertica ll y 111to a freshl y 
cut horizontal face. The vials then were removed by c utting 
away the surrounding material. The sediment plugs were 
or iented, with respect to north, by utilizing the National 
Topographic System 1:250 OOO map (Vendom Fiord, 49D), 
prominent geographic features, and a line inscribed on the 
outs ide of each vial. Little or no distu rbance of the 
sediments could be detected as having occurred using this 
easy and rapid method of sampling. A total of twelve vials 
were taken from the same horizon for paleomagnetic analysis 
although only seven were studied. 

Paleomagnetic Results and Discussion 

Spec imens were measured at 2 cm intervals in cores 2 
and 3, and the declination and inclination data are shown in 
Figure 2. Each spec imen was measu red first for natural 
remanent magnetism (NRM) and then remeasured after 
demagnetization (cleaning) in eleven peak fields of 50 to 
1000 oersteds. It was found that the samples had a single 
component of remanent magnetization which was stable at a 
cleaning fie ld of 200 oersteds. The basal 2 cm interval in 
both cores produced erratic data due to distu rbance by the 
core catcher du ring sampling; these erratic data are omitted 
from Figure 2. 

Declination is plotted relative to zero which is the 
ave rage between the extreme east and extreme west 
declinations. It was not possible to orient the corer, with 
respect to some azimuth, during sampling. Average inclina­
tions of six samples each from cores 2 and 3 are +66° and 
+65° , respectively. The plots of inclination and declination 
for the cores appear to be similar (Fig. 2), suggesting that the 
magnetic character is real. 

A 4 m long core (H74-026-95) of marine sediments 
collected by Blake from Croker Bay, Devon Island (Fig. 1, 
74°45.77'N, 83°13.2'W; see Blake and Lewis, 1975) a nd 
previously reported on by Lichti-Federovich (I 976) presently 
is being studied in more detail. It is interesting that the top 
18 cm of this core has a sim ilar magnetic signature to those 
of cores 2 and 3 (Fig. 2) . The average incli nation from the 
upper six samples of the Croker Bay core is 64°, a value 
which is essentially the same as that for the lake cores. 
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Figure 2. Inclination and declination plots of cores 2, 3, and H74-026-95 with X-radiographs of 
cores 2 and 3, and a plot of the silt-clay content of core 2. 

A lack of organic material (includ.ing pollen 1 ) in the 
cores has made absolute dating impossible. However, since 
both the lake and marine cores come from active depositional 
environments and since the uppermost sediment appa rently 
was sampled in each case, it is reasonable to expect these 
sediments to be Holocene. Considering then the latitude of 
the coring sites and the present (1975) position of the 
magnetic pole 450 km to the west off the north coast of 
Bathurst Island, the inclination values are far too sha llow for 
Holocene sediments. An inclination of +87 .5° is estimated 
for bot h cor ing locat ions, from the lsoc linic Chart, 1975.0, 
Earth Physics Branch (F ig . I). Assuming a geocentric axia l 
dipole, the expected inclination for the lake sediments would 
be +83° a nd for the Croker Bay site +82°. 

Three possible ex planations for the discrepancy between 
the predicted and measured inc linations a re that: l) the 
sediments are older than expected, 2) they have been 
physicall y disturbed, or 3) they have a large 'inclination 
er ror'. The first possibility has a lready been discussed and is 
thought to be unlikely; however it cannot be ruled out as no 
dates have been obtained. The stable a nd sim ilar magne tic 
character of the sediments, as well as the undistu rbed fine 
layering seen in the X-radiographs in Figure 2, argues against 
the second possibility. The most li kely conclus ion is that the 
sediments display a significant inclination error . Not evident, 
however, is why the magnitude of e rror is so similar ( ± 2°) for 
the three cores . 

Verosub (1977) has discussed depositional and post­
depositional processes in the magnetization of sediments. He 
notes that sed iments from lakes and margina l seas, where 
sedimentation rates a re commonly high, can have observed 
magnetizations that may represent either depositional 
detrital remanent magnetization (ORM), associated with 
various a li gnment errors, or postdepositional ORM, 
accurately recording the ambient field. Recently, Blow and 
Ham ilton (1978), experimenting with remanent magnetism in 
a rtifi cia lly redeposited silty clays, found that for these 
sed iments postdepositional com pact ion is a major factor in 
shallowing the observed inc lination from the ambient fie ld 
in c lination . The low inclination values recorded by the clayey 
si lts in the present study likely are a result of depositional 
DRM and compactive ORM and their associated errors . Since 
inc lination e rr ors can be 'locked into' a sed iment because of 
com paction or dewatering below a c ritical value (Verosub, 
l 977), one must also be cautious about interpreting inclina­
tion data from older sediments . 

Seven sedi ment plugs from a ma rine clayey silt dated at 
8930 ± 100 years (GSC-2519; Blake, 1978) were analyzed in 
the same manner as the lake sediments . These samples, 
however, were oriented a nd gave a dec lination value of 
3 l 4. l 0 a nd an incl ination of +65 .3° . The virtual geo magnetic 
pole (VGP) position was com puted at 55 .3°N, 203.4°W (near 
the western side of Kamc hatka Peninsula) with an 8.25° 
radius of the 95% zone of confidence. Although these 

1 A polle n analysis of the upper 2.5 cm of core 2 produced so few grains of pollen that it was of little use even as reference 
for plants presently growing in the area (unpublished GSC Palynological Rep. No. 77- 10, R .J . Mott). 



sediments had a stable remanent magnetism (at a demagneti­
zation fie ld of 200 oersteds), it is not certain, because of 
possible locked in inclination errors , that the earth's 
geomagnetic fie ld was accu rately recorded . Inaccuracies 
inherent in t he met hod of orientation (described ear li er ) also 
could have a considerable effect on the VGP position as cou ld 
some local nondipole featu res of the earth 's geomagnetic 
field at the time of deposition . 

Conclusions 

The light-weight gravity corer used for sampling the 
lake sediments was found to be too li ght for any significant 
penetration into stiff clayey silts . It did, however , prove 
successfu l in recover ing short cores of the su rface sediments. 

Some recent sediments apparentl y a re not accurately 
recording the present ambient field in the Canad ian Arct ic . 
They have inclination values which are about 22° too shall ow . 
Incli nation records from older sediments also may be suspect. 
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CARBON/NITROGEN (C/N) RATIOS IN SURFICIAL 
MARINE SEDIMENTS OF BRITISH COLUMBIA 

Brian D. Bornhold 
Regional and Economic Geology Division 

Introduction 

"The C/N ratio and the total organic matter in marine 
sediments vary widely between e nvironments but one or both 
are usually an important, sensitive, distinctive environmenta l 
characte ri stic" (Goodell, 1972). The purpose of this study was 
to compare sediments from various marine environments in 
British Columbia with respect to C/N ratios and to attempt 
to deduce the relative cont ributions of marine and terrestrial 
o rganic material. 

The ratio of organic carbon to nitrogen in marine 
sediments is a function of both the source of the organic 
matter and processes of decomposition. According to Deevey 
( l 973) the biosphere, which is quantitatively dominated by 
woody plant tissue, has an average C/N ratio of 92 .5. Within 
this, ma rine plankton range from about 5.4 to 8.3 (Fleming, 
l 940; Ketchum and Redfield, l 949; Harvey, l 960) with a 
mean of approximat ley 5.7 (Fleming, 1940). C/N ratios 
within land plants, on the other hand, are considerab ly higher 
and va ry more widely than in marine plankton: Cla rke (1924) 
gave the C/N ratio for wood as 54.0 and Garrels et a l. (1973), 
averaging and weighting data from many sources, suggested a 
value of 89. For the purposes of this paper Clarke's ratio of 
54 will be used because: (1) it has been used by previous 
workers (Gucluer and Gross, l 964); and, (2) much of the 
identifiable plant material in the samples from the British 
Co lu mbia coastal areas is wood. 

Because amino acids and proteins, the main nitrogenous 
componds in organic matter, a re less stab le under geological 
co ndi tions than hydrocarbons, C/N ratios tend to increase 
with age in marine sediments (e.g., Trask and Patnode, 1942; 
Bader, l 9 55) . According to Degens a nd Mopper (1976), 
however, C/N ratios remain fairly constant during the early 
stages of diagenesis. Jn the present study, sedimentation 
rates are very high in many a reas (greater than 0.5 mm/year 
in the fiords) and the grab sample r removes only the 
uppermost 7 to 8 cm or less. It has been assu med, therefore, 
for the purpose of this preliminary study, that the sediments 
are in the earli est stages of diagenesis and that their C/N 
ratios reflect reaso nably faithfully those of their source 
materials. As will be seen, the C/N ratios in sed ime nts from 
the areas of lowes t sedimentation rate , the continental shelf, 
have very low C/N ratios suggesting that diagenesis even in 
these areas has had little effect on the C/N ratios. 

Fou r geological e nvironments were selected for 
comparison (Fig. 1): (1) open shelf (west coast of Va ncouve r 
Island); (2) e nclosed she lf (northern Strait of Georgia); 
(3) deltaic (Skeena Delta) (Fig. 2); a nd, (4) fio rd (Kitima t 
Arm, Quatsino Sound, and Saanich Inlet). With the exception 
of Saanich Inlet a ll samples were obtained by the Geological 
Survey. Samples from the Skeena Delta were co llected by 
Luternauer (1976); from the northern Strait of Georgia by 
Clague (197 5); from southwestern Vancouve r Island by 
Milliman (l 976) and Luternauer (1976); and from Kitimat Arm 
by Lute rnaue r a nd Swan (1978). The results obtained by 
Gucluer a nd Gross (1964) were used for Saanich Inlet. 

Methods 

Samples co ntaining more th a n about l 5 per cent mud 
were selected for a nalysis si nce organic carbon a nd nitrogen 
levels in coarse r sediments are, in general, quite low. At 
ve ry low concentrations , a nalytical e rror becomes significant 
(Emery and Uchupi, 1972) leading to wide scatter in C/N 
values. All samples were dried and pulverized prior to 
analysis. 
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1. Northwest Vancouver Island shelf 5. Kitimat Arm 
2. Southwest Vancouver Island shelf 6. Quatsino Sound 
3. Northern Strait of Georgia 7. Saanich Inlet 
4. Skeena Delta 

Figure 1. Location map of western British Columbia showing 
the areas studied. 
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Figure 2. Location map of the Skeena Delta area and sampl es 
analysed for organic C and N. 

Organic Carbon 

Dried pulverized samples were boiled in HCl, to remove 
a ll carbonates, and placed on LECO crucibles. The samples 
were dried and analyzed us ing a LECO induction furnace. 
Every fifth sample was repeated; results were reproducible to 
± 0.02 per cent . 

Nitrogen 

Dried pulverized samples were digested and distilled 
using the Kjeldahl procedure. Nitrogen was determined by 
titration of the liberated ammonia. Duplicate analyses we re 
made on every fifth sample; results were reproducible 
to ± 0.0 l per cent. 

Results 

The organic carbon and nitrogen results are presented in 
Figures 3 through 6 fo r each of the four environments . The 
mean C/N ratio and the standard deviation envelope is shown 
on each graph. 

Open Shelf 

The lowest mean C/N ratio in this study was found in 
samples from the open shelf area off western Vancouver 
Island (Fig. 3). The mean for all samples (302) was 6.1 O with 
a standard deviation of 1.33. Within this area, ratios are 
somewhat, though not significantly higher (6 .20) off south­
western Vancouver Island than off northwestern Vancouver 
Island (6.01 ). Organic carbon values were everywhere Jess 
than 2 per cent and nitrogen, Jess than 0.4 per cent. 

Enclosed Shelf 

Samples from the northern Strait of Georgia have a 
mea n C/N ratio comparable to that on the open shelf, 6.16 
for 124 sa mples ; the standard deviation was 2.88. Much of 
the variance is contributed by a relatively few (23) samples 
with very low organic C and N contents, as is apparent in 
Figure 4. If, for example, only samples with greater than 
0.1 per cent N are considered, the standard deviation 
diminishes to 1.30 and the mean becomes 5.53. 

Organic carbon values were all less than 3.5 per cent 
and nitrogen, less than 0.5 per cent. 

De ltaic 

Samples from the vicinit y of the Skeena Delta (Fig. 2) 
have a n overall C/N ratio of 7.21 a nd a standard deviation of 
2.33 (Fig . 5; 123 samples ). C/N ratios for the offshore 
samples (a rea A, Fig. 2) have a mean of 5.93 (26 samples) . 
Excluding these samples, the mean C/N ratio for the 
remaining samples increases to 7 .61 a nd if only the samples 
from the delta platform a re conside red, the mean C/N ratio 
increases again to 7.77 (13 samples). 

Organic carbon values a re all less than 3 per cent with 
all but three samples falling below 1.5 per cent; nitrogen 
values are all less than 0.4 per cent with all but three, Jess 
than 0.3 per cent. 

Fiords 

Samples from Quatsino Sound (12 samples) a nd Saanic h 
Inlet ( 19 samples) are ve ry sim ilar in their C/N ratios (Fig. 6), 
averaging 6.84 and 6.85, respectively; with standard 
deviations of 1.03 and 0.96. A slight trend towa rds higher 
C/N ratios with increasing organic C content in Saanich Inlet 
is apparen t. 

Saanich Inlet samples reach 5.26 per cent organi c C and 
0.65 per cent N. Those from Quatsino Sound are somewhat 
lower, less than 3.5 per cent organic C and 0.55 per cent N. 

Samples from Kitimat Arm (Fig. 6) contrast markedly 
with those from either of the other fiords . The mean C/N 
ratio is 14.29 (14 samples) with a standard deviation of 4.05. 
Organic carbon values are Jess than 2 per cent a nd nitroge n, 
less than 0.12 per cent. 

Discussion 

The C/N ratios in samples from the west coast of 
Canada agree very well with results obtained elsewhere 
(Table 1 ). In general, open cont inental shelves a re c harac­
te rized by lower ratios than nearshore areas because of lower 
levels of terrestrial plant ma t erial in offshore sediments. 
Sharp (197 5) showed that C/N ra tios of particulate organic 
matter in seawate r average 6.0 in oceanic waters and 7 .14 in 
estuarine waters . He att ributed this difference to the 
presence of detrital organic matter from higher plants in 
estuarine and nearshore waters. 

Shelf Areas 

The very low values (6.1 to 6.2) found for the open shelf 
off Vancouver Island and for the Strait of Georgia imply that 
very litt le organic matter from terrestrial sources is reaching 
these areas . Using C/N ratios of 5.7 a nd 54.0 for plankton 
and wood, respective ly, the average sample from both the 
open shelf and the northern Strait of Georgia would contain 
less than 1 per cent terrestrial plant material. For the open 
shelf, 80 per cent of the samples contain less than 3 per cent 
terrestrial plant mate ri a l. For the northern Strait of Georgia 
80 per cent of the samples contain less than 5 per cent 
terrestrial organic matter . 

109 



w,------,---.-~___,.___,.-,--,-~----,----.---.---.--.-~~ 

z 
UJ 

Q9 
o.s 
0.7 

•• 
Q5 

0.4 

o.J 

02 

<..? 0.1 
0 0.09 
0:::: 0.08 c 0.07 

z Q06 

005 

Q04 

0.03 

CONTINENTAL SHELF 
VANCOUVER ISLAND 

SW VANCOUVER ISLAND 

o NW VANCOUVER ISLAND 

0·0 1 0·7.1 ---7.Q.2~~o.J'=---.,!-,4--70.5,-.,'0.6,...+.Q7~Q~8Q9~ .. ----!------!---'--,!--,L._J7~8 ..u.,, 
ORGANIC CARBON % 

Figure 3. Graph of N versus organic C for samples from 
weste rn Vancouver Island. 
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Figure 4. Graph of N v er sus organic C for samples from 
northern Strait of Georgia. 

In the case of the open shelf these resu lts a re not 
suprising si nce most modern sedi me nt is trapped within th e 
fio rds a nd never reaches the she lf. Thus, the only source of 
organic.matter is ma rine plankton with ve ry low C/N ra tios . 

The low values in the northern Strait of Geo rgia a re 
so mewhat unexpected, however, since the a rea is sur rounded 
by high, heav ily wooded terra in . A possible ex pla nation is 
that few ma jor rivers en te r t he Strait from Vancouve r Isla nd 
and most rive rs on the mai nla nd e nte r fiord s which a re 
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Figure 5. Graph of N versus organic C for samples from the 
Skeena Delta. 
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Figure 6. Graph of N versus organic C for samples from 
Quatsino Sound, Saanich Inlet and Kitimat Arm. 

trapping much of the mod e rn detrital sediment. The 
occ ur re nce of several sam ples with C/N ratios between 10 
a nd 25 suggests tha t loca lly de trital plant materi al can make 
a significant cont ribution to the sedi me nt . 

Skeena De lta 

The C/N ra tios fo r th e Skeena Delta samples a re 
s ignificant ly highe r (>99 pe r cent probabi lity; Mann-Whitney 
U t est) than those from either of the shelf areas, a result of 



Table l 

C/N ratios in surface sediments 

Locality C/N Ratio 

Anta rctic Shelf -
Weddell Sea 4.0 
Ross Sea 7.2 

Gulf of Paria -
Central Gulf 6.8 

Atlantic U.S. continental margin 7.0 
(inc luding estuaries) 

Southwest Africa 7.3 

Gulf of Paria - 7 . 6 
Marginal shelf 

Buzzards Bay, Massachusetts 7.58 

New York Bight 11. l 

Marine fiord 8.3 

Puget Sound 9.5 

Gulf of Paria - 13.4 
Delta platfo rm 

West Coast Vancouver Island 6.10 

Northern Strait of Georgia 6.16 

Skeena Delta - Entire region 7.2 1 
Nea rshore a rea 7.61 
De lta platfo rm 7 . 77 

Quatsino Sound 6.84 

Saanich Inlet 6.85 

Kitimat Arm 14.29 

proportionately higher terrestrial plant debris . The 
progressive dec rease in mean C/N ratio from mor e than 7.75 
on the delta platfo rm to less than 6.00 in the offshore area 
near the de lta reflects the greater contribution of marine 
plankton to the offshore sediments . 

The ave rage sample in the Skeena Delta area, however, 
contains less than 5 per cent detrital organic ma terial, with 
80 per cen t of the samples co ntaining less than 7 per cent. 
Even the sample with the highest C/N ratio (15) wou ld 
contain only 15 per cent terrestrial organic materia l. 

Fiords 

C/N ratios for the sedi ments in Quatsino Sound and 
Saanich Inlet are somewhat higher than open shelf values 
(significantly diffe rent at 90 pe r cent leve l; Mann-Whitney U 
test) reflec ting the expected increase in land-derived plant 
material. As Guclue r and Gross (1964) concluded for Saanich 
Inlet, however, using C/N ratios of 5.7 and 54 for plankton 
and wood, samples from these fiords contain less than 3 to 
5 per cent terrestrially derived organic material . The slight 
trend toward increasing C/N ratios with increased organic C 
content in Saan ic h Inlet is probably a result of the observed 
increase in abundance of wood in the deeper pa rts of the 
central basin of the in let (Gucluer and Gross, 1964). 

Kitimat Arm is significantly different (>99 per cent 
leve l; Man-Whitney U test) from all of the other localities in 
t e rm s of C/N ratios . The average sample contains 18 per 
cent land-der ived plant material and one-thi rd of the 
samples contain more than 25 pe r cent detrital plan t deb ris . 

Environment Source 

open shelf Goodell ( 1972) 

open shelf von Andel and Postma (19 54) 

mainly open shelf Emery and Uchupi ( 1972) 

open shelf Degens and Mopper (1976) 

nearshore shelf von Andel a nd Postma (1954) 

near shore shelf Roman (1978) 

nearshore shelf Degens and Mapper (1976) 

fiord Bade r (1955) 

fiord Bader (1955) 

delta von Andel and Postma (1954) 

open shelf this paper 

enclosed shelf this paper 

delta this paper 

fiord this paper 

fiord Gu cluer and Gross ( 1964) 

fiord this paper 

The diffe rences between Kitimat Arm and the other 
two fiords is thought to be due to differences in fluvial input. 
No majo r rivers enter either Saanich Inlet or Quatsino Sound 
whereas the samples from Kitimat Arm were taken at the 
foot of the la rge Kitimat River delta. In addition to the 
much higher fluvial input into Kitimat Arm, activities of the 
logging industry, particularly withi n the last decade, have 
undoubtedly affected the c omposition of organic matter in 
the inlet (Bell and Ka llman , 1976). Logging in the Kitimat 
Ri ver vall ey has been intense, a pulp mill has been established 
at Kitimat , and much of the delta has been used as a log 
storage and ha ndling area . All of these activities have led to 
an increased delivery of bark and wood chips to the floor of 
Kitimat Arm. 

Even in the absence of the logging industry, however, 
the high C/N ratios in Kitimat Arm may not be unexpected . 
Anderson (l 962) reports C/N ratios of over 50 from Deep 
Inlet, Alaska. He attributes these ve ry high values to the 
tremendous fluvial influx of wood debris. 

Conclusions 

As von Ande l and Postma (1954) and Gucluer and Gross 
(1 964) have shown, an analysis of C/N ratios in surface 
sedi ments permits at least a preliminary assessment of the 
relative contribut io ns of marine and terrestrial sources of 
organic matter. Clearly, the great variabil it y of C/N rat ios , 
particu larly in terrestrial plants, precludes a precise 
evaluation of the amount of organic material from each 
source within a n individual sample . Regional differences a nd 
trends can be demonstrated, however, and can provide a bas is 
and direction for more detailed stud ies of organic 
geochemistry. 
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In this investigation of sediments from British Columbia 
waters, the following conclusions can be drawn: 

(l) Despite striking differences in geographic setting 
between the northern Strait of Georgia and the open 
cont inental shelf off Vancouver Island, the C/N ratios 
are remarkably similar and indicate a very low input of 
terrestrial plant material. 

(2) Samples from the Skeena Delta and from all of the 
fiords contain organic matter with significantly higher 
C/N ratios than either of the shelf areas . 

(3) Desp ite major differences in the geochemical environ­
ment between Quatsino Sound and Saanich Inlet, the 
C/N ra tios are very similar and imply a minimal input 
of terrestrial organic material. 

(4) Sediments from Kitimat Arm, because of much greater 
fluvial influx, and possibly because of local logging 
activity, have significantly higher C/N ratios than 
either of the other fiords . 
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COMPOSITION OF PYROXENE PHENOCRYSTS FROM 
LOWER MESOZOIC VOLCANICS, NORTH-CENTRAL 
BRITISH COLUMBIA 

J .W.H. Monger 
Regional and Economic Geology Division, Vancouve r 

M. Bonardi and A.G . Plant 
Central Laboratories and Administ rative Services Division 

of the Takla Group shown by whole-rock chemical analyses is 
prima ry or secondary. The upper formation of the Takla 
Group , the Moosevale Formation (Fig. l; Monger, 1977), is a n 
intermediate volcaniclastic unit that is chemica lly and 
lithologi cally similar to parts of the overlying Hazelton 
Group. Jn places there is a clear stratigraphic break between 
the two sequences, marked by a distinctive conglomerate. 
Elsewhere a contact is not obvious and the two groups appear 
to be gradational. Optical investigation of pyroxene compo­
sitions from both units by Jon Dudley, using the A 1 /\ C method 
of Ruegg ( 1964), indicated that Hazelton pyroxenes are 
generally more iron-ri ch than Triassic ones, and suggested a 
method of distinguishing the two sequences (Monge r, 1977, 
p. 44-45). On a lkali-sil ica plots from whole-rock analyses, 
the lower basaltic part of the Takla Group, known as the 
Savage Mountain Formation, lies partly in the sub-alkaline 
and partl y in the a lkal ine field, crossing the dividing line 
between the two composit ions proposed by Irvine and Baragar 
(1971 ), (Monger, 1977, p. 40). Although these rocks are 
generally nepheline normative, no minerals characteristic of 

Introduction 

This note on compositions of py roxenes from the Upper 
Triassic Takla Group and the Lower Jurassic Hazelton Group 
in McConnell Creek map area (94D), north-central British 
Columbia, supplements an earlier report on these rocks by 
Monger (1977). The pyroxenes were studied as a means of 
distinguishing the upper part of the Takla Group from the 
overlying Hazelton Group and to see if the alka line character 
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Figure 1. Stratigr aphy, li thol ogy, speci men identifications and numbers of specimens containing 
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Figur e 2. Variation diagram of all pyroxenes analyzed, showing cer tain well-defined trends. 
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a lkal ine rocks are known from them; in particular, the 
pyroxenes do not have the optical characteristics of the high­
titanium species commonly associated with alkaline 
volcanics . Because the rocks are partly submarine and are of 
zeo lite to prehnite-pumpellyite metamorphic grade, one 
possible reason for their part ly alkaline chemistry is that 
a lkalis were introduced during cooling or low-grade meta­
morphism shifting the composition towards the alkaline field . 
Pyroxene phenocrysts presumably recrystallized well before 
extrusion and are typically fresh and unaltered. Therefore 
they should have preserved their original composition thus 
indicating affinities of the magma more reliably than 
chemical analyses of the whole rock. 

Brief descriptions of the stratigraphic units which 
provided the analyzed pyroxene specimens are given in 
Figure l. 

Method 

The pyroxenes were analyzed using a Materials Analysis 
Company electron microprobe equipped with a Kevex energy 
dispersive spectrometer and automated to produce simulta­
neous multi-element analysis and data reduction (Plant and 
Lachance, l 973). Operating conditions were as follows : 20kV 
accelerating voltage, specimen current of 10 nanoamperes 
measured on a standard kaersutite, and a counting time of 
100 seconds. The pyroxenes were analyzed for JO elements, 
namely Si, Ti, Al, Cr, Fe, Mn, Mg, Ca, Na and K; no other 
e lements were detected in the energy dispersive spectra . 
Standards used were as follows : kaersutite (Na, Mg, Al, Si, 
K, Ca, Ti and Fe), chromite (Cr), biotite (Mn). All analytical 
points were recorded on photomicrographs. With the 
exception of sodium, the determinations have a relative 
accuracy of ± 1-2 per cent for major elements and up to 
5 per cent for minor elements . For sodium, the relative 
accuracy is ± l 0 per cent. 
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Results 

Variation of A]z03, Ti02, Na20 and Cr203 against 
Mg/Mg+Fe is shown in Figure 2. Figure 3 shows Ca-Mg-Fe 
ratios and Figure 4, oxide variations in two intersec t ing 
traverses across the single crystal, in the photomicrograph in 
Figu re 5. The plots have the form of those used by Irvine 
( l 973) in a study of volcanics with a somewhat similar 
composition from the Lower Cretaceous of southeastern 
Alaska . 

(!) Augite-altered olivine(?) basalt: feeder to Savage 
Mountain Formation: MV73-137 

This specimen is from a sill intruding the lower part of 
the Takla Group which on the basis of its lit hology and 
chemistry is presumed to be a feeder to the Savage Mounta in 
Formation. Figure 2 shows a normal, consistent decrease of 
Al 203 with Ti02. The Ti02 content is below l % by weight, 
and in most analyses bet ween 0.5-0.8% by weight, well below 
those of pyroxenes from typical alkaline basalts 0-3%) or 
peralkaline basalt 0-5%) (LeBas, 1964). The sodium content 
is generally below I% by weight but shows no consistent 
variation. K2 0 varies between 0.0 and 0.07% by weight, and 
MnO between 0.01 and 0.25% by weight . On Ca-Mg-Fe plots 
(Fig. 3) most examples have a composition about Ca4 5 Mg4 0Fe1 5• 

Some crystals show a normal variation with low iron ratios (4 -
8%) in the core, passing to higher ratios (14-16%) near the 
rim, but others, inc ludi ng the crysta l traversed (Fig. 4 and 5), 
locally reverse this trend and have narrow zones with 
decreased iron ratios (9-1 l %) near the rim. The pyroxene 
phenocrysts lie closer to, but below, the calcic augite line of 
Brown (1967, p. 122) than to the augite line, and are almost 
entirely within the field of (groundmass) pyroxenes in alkaline 
rocks shown by Le Bas ( 1964, p. 268). 
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Figure 3. Ca-Mg-Fe plot of all pyroxenes analyzed, showing relationship to calcic augite and augite lines of Brown 
(1967) and (approxi mately) to peralkaline, alkaline and non-alkaline fields of LeBas (1964). 
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(2) Augite basalt: Savage Mountain Formation: MV73-144a 

This specimen is lithologically typical of the Savage 
Mountain Formation and is from a sequence of submarine, 
locally pillowed, flows . The pyroxenes are similar to those of 
the si ll. The Na 20 content lies well within the range shown 
by the sill and K20 variation is similar, so there appear to be 
no added alkalis resulting from submarine extrusion, as 
opposed to intrusion . Iron ratio of the pyroxene rims is about 
14% and cores are either 16% or about 7% FeO. 

(3) Fine grained augite feldspar porphyry : Moosevale 
Formation: MV75-84; MV75-173; MV75-210; MV75-210g 

The pyroxenes a re from lithologically similar, fine 
grained augite feldspar porphyry c lasts in volcanic breccias of 
the Moosevale Formation. Three, (M V7 5-84, 210, 21 Og) a re 
compositionally similar to pyroxenes from the Savage 
Mountain Formation, with similar amounts of Ti02 and Al 203 
and a composition of Ca4 4 Mg" 2Fe1 4, although there is more 
scatte r. One (MV75-173), from the basal parts of the 
formation, is unusual in that it has higher Ti0 2 (-1 % vs. 
0.5%) a nd Al203 (5% vs. 3%) contents, and an average 
com position of about ca;;-;Mg40Fe11. Pyroxenes from the 
latter specimen lie mainly above the calcic augite line of 
Brown (1967) and touch the peralkaline field of LeBas (1964), 
although within the formation as a whole the pyroxenes show 
a vari ation from non -alkaline to alka line fields. 

(4) Fine grained augite feldspar porphyry: Telkwa 
Formation: 29a-75RW, 80-F3RW 

These specimens are from the lowest formation of the 
Hazelton Group. In the fie ld, it is generally possible to 
distinguish the Telkwa Formation from the Moosevale on 
stratigraphic characte ristics, although locall y and at 
specimen leve l, the two may be indistinguishable. Most 
pyroxenes analyzed appear to be quite distinct from those of 
the Takla Group . Al 20 3 and TiO 2 vs . Mg/Mg +Fe plots are 
generally distinct (apart from two out of eleven analyses) and 
the composition of Ca 41 Mg4oFe19 is muc h lower in calcium 
and higher in iron than Takla pyroxenes . Hazelton pyroxenes 
li e much c loser to Brown's augite line, and a re eithe r within 
the field of pyroxenes from non-alkaline rocks or close to the 
dividing line. 

Conclusions 

Figure 5 

Photomicrograph of pyroxene from specimen 
MV7 3-137, showing traverses A-B and C-D with 
analysis points, the results of which are given in 
Figure 4. Field of view is 1.35 x 1.05 mm. 

(1) This preliminary investigation suggests that pyroxene 
compositions can be used to separate the Takla Group 
from the Hazelton Group in places where there are no 
other distinguishing features. 

(2) The pyroxene com position indicates (as does the rock 
c hemistry) that the Takla Group has primary alkaline 
affinities, although the pyroxenes are remarkably low in 
Ti02 fo r alkali basalts. 
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MULTICHANNEL REFLECTION SEISMIC SURVEY 
IN THE LABRADOR SEA 

K. Hinz 1 , H.-U. Schluter 1 ; and 
A.C. Grant, S.P . Srivastava, D. Umpleby, and J. Woodside 
Atlanti c Geoscience Centre, Dartmouth 

A geophysical reconnaissance survey was car ried out in 
the Labrador Sea-Davis St rait a rea between Ju ly and 
September 1977 by the Federal Institute for Geosciences and 
Natural Resources (BGR), Hannove r, Germany. The lines 
were pla nned in co -operation with the At lantic Geoscience 
Centre, Geological Survey of Canada, and the Greenland 
Geological Survey (Denmark). 

The seismic, magnetic, and gravity data from 5931 km 
on 2 I lines (Fig . l) were recorded on magnetic tape . A 24-
fold coverage technique was used with 48 se ismic channe ls 
(traces), with a 2400 m streamer cable, and a 23 .45 L ai rgun 
array. A fully integrated compute rized satellite navigation 
system (IN DAS III) was used for determining the position of 
th e sur vey vessel. The sur vey was execut ed on the 
research vessel MS EXPLORA chartered from PRAKLA­
SEISMOS GMBH, who served as co nt ractor . 

The seismic records from this su rvey were inte rpreted 
joi ntl y by the German and Canadian scientists listed above, 
and the results have been reviewed at the symposium on 
"Crustal Properties across Passive Margins" held in Halifax, 

ova Scotia, June I 9-23, 1978. The proceedings of this 
sympos ium will be published in a fo rthco ming issue of 
TECTONOPHYS ICS. 

The original data from this survey are held by : 

Dr. K. Hinz, 
Director and Professor, 
Bundesanstal t Fur Geowissenschaften und Rohstoffe, 
Federal Institute for Geosic iences and Natural Resou rces , 
3 Hannove r 5 I - Postfach 510153, 
Federal Republic of Germany. 
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Figure 1. Location of BGR multichannel reflection seismic 
lines in the Labrador Sea. 

1 Federal Institute for Geosc iences and Natura l Resour ces (BGR), Hannove r, (F .R.G.). From: Scientific and Technical Notes 
in Current Research, Part C; 
Geol. Surv. Can., Paper 78-lC . 118 



CORING OF HOLOCENE POND SEDIMENTS AT CAPE 
HERSCHEL, ELLESMERE ISLAND, ARCTIC ARCHIPELAGO 

W. Blake, Jr . 
Terrain Sciences Division 

Introduction 

Prior to the 1977 field season an examination of aerial 
photographs of the Cape Herschel peninsula, eastern 
Ellesmere Island, revealed the presence of a number of ponds 
(Fig. 1,2). Studies in the area, during July 1977 (Blake, 1977), 
showed that severa l ponds contained organic-rich sediments, 
despite the general sparseness of vegetation on the 
su rrounding granitic terrane. The majority of ponds are at 
relatively low elevations, below the level of raised beaches 
and marine shells in undisturbed shallow-water deposits. Thus 
it was thought that if cores of the bottom sediments could be 
recovered, a study of diatoms might reveal the point at which 
the transition from marine to freshwater conditions had 
occur red (cf. Hyvarinen, 1969). Then, assuming that the age 
of the organic sediments above this transition could be 
determined by radiocarbon dating, it might be possible to 
document the passage of the shoreline and to construct an 
emergence curve fo r the Cape Herschel area. 

Because the ponds on the peninsula are shallow (all of 
those observed in July 1977 had less than l m of water), it 
was assumed that they wou ld freeze to the bottom each 
winter, and hence the easiest time to recover co res of the 
bottom sediments would be before the spring thaw set in . For 
this reason a visit to Cape Herschel was made between 
May 17 and 29, 1978 . This note briefly desc ribes the methods 
a nd equipment used in recovering sediment cores and gives 
some prelimina ry resu lts. 

Good weather prevailed throughout the 13 days spent at 
Cape Herschel, a lthough there was considerab ly more 
c loudiness towards the end of May than during the earl y part 
of our stay. The maximum temperatures, which we recorded 
in the Stevenson screen at the base camp of North Water 
Project (cf. Muller et al ., 1975), ranged from -7.7°C (May 18) 
to -0.6°C (May 22); minimum temperatures varied between 
-l 0.0°C (May 18 to -2.6°C (May 26) . 

Methods 

Because the land airs tr ip at Cape He rschel is shor t, and 
it was rough because of the sastrugi developed there, the ski­
equipped Twin Otter landed on the smooth sea ice of Rosse 
Bay (Fig . 2). Trave l on the Cape Herschel peninsula was 
mainly by skidoo towing a Nansen sledge. The extremel y hard 
packed snow made walking easy, and skis were used on only 
one occasion. Crampons were necessary only once, en route 
to the Cape Hersche l plateau, where a slope too steep to be 
negoti ated by skidoo was encountered. 

Coring was carri ed out with a SIPRE (CCREL)- type 
auger powered by a 6 h.p. gasoline motor and equipped with a 
reduction gear box (Stihl model 4308). This unit allows 
recovery of 7 .6 cm (3 inch )-diame ter cores, and the core 
barrels used can acco mmodate increments up to 40 cm in 
length . The core r is equipped with tungsten carbide teeth 
which make it possible to penetrate inorgani c sedi ments. 
Alum inum extension rods are l m in length. 

A four-ma n team proved to be the ideal size to operate 
this cori ng unit. Two people could lift or apply leverage on 
the handles attached to the motor while the third connected 
and disconnected the extension rods, helped with co re 
extrusion, and provided extra weight on the handles (Fig . 3,4). 
The fourth person logged and packed core increments as they 
were extruded . 

From: Scientific and Technica l Notes 
in Current Research, Part C, 
Geol. Surv. Can., Paper 78-lC. 

Upon recovery of a core notes were made of the length 
of each increment, co lour changes, and the presence of 
special features such as ice lenses, shell fragments, etc . 
Each increment was wrapped individually in lightweight 
a lu minum foil, the top and bottom were marked, and then it 
was placed in a plastic bag. In some cases, the cores were 
packed directly in an insulated box, otherwise they were kept 
in the shade prior to their return to base camp. Despite the 
relatively warm air temperatures, the co res were preserved 
fro zen by storing them deep within a snowbank . For 
transport to the large walk-in freezer in Resolute, Coleman 
40-quart insulated boxes were used , as well as some individual 
plastic co re containers manufac tured by CESSCO, Toronto, 
following a design by J.J . Veill e tte , these containers utilize 
an inner and an outer section of PVC tubing, and each one can 
accommodate core inc rements totalling 30 c m in length 
(Veillette and Nixon, 1976). Fou r of these containe rs fitted 
into a new lightweight and disposable plastic box (available 
from Tech nical Field Support Services). The same method of 
packing was utilized in shipping the co res south. 

Results 

Five ponds were co red successfully on Cape Herschel 
peninsula (Fig. 2). In three other ponds, one on the plateau 
and two fairly c lose to sea level, no sediment was 
encountered on top of the rocky bottom . Because, as 
a nti ci pated, all ponds were frozen to the bottom, it was 
possible to recover the watery surface sediment; in fact, a 
break occurred in each co re approximate ly 0.5 to 2.0 cm 
above the uppermost sediment, and the contact cou ld be seen 
through the clear ice . Details of the numbers of co res 
recovered, as well as of ice and sediment thick nesses , are 
summarized in Table I . 
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Figure 1. Location map, southeastern Ellesmere Island. 
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Figure 2. Details of the Cape Herschel peninsula showing locations of the ponds referred to in the text (Table 1). 
Enlargement of aerial photograph A-16607-10, taken from an altitude of ea. 9100 m, July 5, 1959; 
courtesy National Air Photographic Library, Energy, Mines and Resources, Ottawa. 
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Figure 3. Coring operations underway at pond 23 (cf. Figure 2), May 22, 1978. View northward across Rosse Bay 
towards Pim Island (GSC-17 5227 ). 

Ice lenses and stringers were fairly abundant, 
especially in the lower portions of cores in which 
organic-rich sediments appear to be predominant (e .g., 
ponds 4, 23, and 26) or in cores characteri zed by 
inorganic sedi ments (ponds 27 and 32; in the former, ice 
lenses were up to 0.8 cm thick) . 

Most of the core increments have been X­
radiographed, and one of these is reproduced as Figure 5 
(pond 23 in Table l and Figure 2). This shallow pond at 
33 m a.s .I. between two beach ridges is known to have 
been under the sea until only a few thousand years ago, 
for aragonitic shells of the marine pelecypod Mya 
truncata, in sand underlying a pocket of rai sed beaches 
some 0.7 km to the south and at approximately 52 m 
a .s.J., are 7210 ± 90 years old (GSC-2525). 

Preliminary diatom analysis has been carried out on 
the basal increments of cores from the five ponds, and 
none show a distinct assemblage of mari ne littoral 
diatoms such as those found in one of the ponds on the 

Table l 

Summary of co ring results, Cape Herschel Peninsula 

Pond designation (Fig. 2) 1 

4 23 26 27 32 
Number of cores 8 15 20 l l 
Snow thickness (cm) 40 50 0 0 125 
Ice thickness (cm) 11 11 24 to 51 95 11 
Maximum thickness 
of sediments (cm) 104 35 59 50 141 
Approximate 
elevation a . s . J. 2 ( m) 58 33 3 19 82 
1 Numbers correspond to sample numbers at the same 

localities. 
2 Determined by levelling with a Wild NK-10 level, 

using the flat surface of the ice foot to represent 
high tide level. 

Figure 4. Close-up view of coring at pond 4, showing details of 
the core barrels, a 1 m- long aluminum extension rod, 
and the Stihl motor unit . At this site only 11 cm of ice 
were encountered above 1 m of sediment. May 18, 1978 
(GSC-17 5271). 

121 



POND 23 
CORE 10 Depth (cm) 

-5 

-======== -25 - -25 

--------- -31 

122 

Figure 5. 

X-radiograph (exposure 32) of core 10 from pond 23 . Note the f aint banding in the core 
increment at 5 to 15 cm depth, the thin ice l enses at 20 to 25 cm depth, and the rock 
fragm ents lower down (base of core at 31 cm). 

peninsula west of pond 26 (Fig. 2). Jn this pond, which is so low that it presumably receives an 
in flux of sea water during spring ti des, Diploneis interrupta , Navicula digito-radiata, and 
Scoliopleura tumida occur . All a re cha racter istic of zones subject to tidal action, and the last 
two a lso occur , for example, in present-day intertidal sed iments at Cape Storm, southern 
Ellesmere Island (S. Lichti-Federovich, unpub li shed GSC Diat om Reports 78- 7 and 78-20). 
None of these ma rine littora l diatoms have been fou nd in core JO from pond 23; on the 
contra ry, the three samples extrac ted from depths of 14 to 31 cm in this core show a 
domin ance of Epithemia sorex, sugges ting an early postemergence freshwater st age or brackish 
water stage (unpublished GSC Diatom Report 78-2 J ). Although Hyvarinen ( 1968) reported this 
species as ab undant in the lowe r sed iment s of two Jakes on Bj<;lr r'Q ya, Svalbard, which he 
co nc luded had not been inundated by the sea during Ho locene time, Eronen (1 974) listed 
Epithemia sorex as one of the brackish wate r spec ies typical of the Mastogloia phase of the 
Ba lti c Sea a long the coast of Finland (cf . AJhonen , 1971). It a lso has been reported amo ng the 
fres hwater-brackish diatoms occurring in the lower Jacustrine deposits (above marine beds) of 
a basin near the coast of southwestern Norway (H . HS.kansson in Anundsen, 1978). Acco rdi ng 
to Rem ane and Schlieper (1971) Epithemia sorex is one of a group of freshwater diatoms that 
are ab le to withstand salin ities of up to about 3° /oo . 

Studies of the diatom f lora in the ponds on Cape Herschel peninsu la are continuing, and it 
is hoped that the cores from ponds 4, 23, and 26 contain sufficient organic mat e ri al that 
radiocarbon age de t erminations can be carried out . 
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IMPLEMENTATION OF AN INTERACTIVE SYSTEM FOR 
COMPUTER PROCESSING OF GEOLOGICAL IMAGES 

A.G . Fabbri, T. Kas vand 1
, and J.H . Stray 2 

Region a l and Economic Geo logy Division 

Introduction 

A sys tem of programs for interactive processing of 
images of geo logical nature has been designed as part of 
multidisciplinary effo rts in the fields of geology and pa ttern 
recognition. Applications of image processing techniques to 
mineral exploration problems and to the analysis of geologi c 
textures a re being deve loped as in Agterberg a nd Fabbri 
(1978) a nd Fabbri a nd Kasvand (1978). 

A part of the system which is written in FORTR AN a nd 
is co mpa tible with the departmental CDC CYBER 74 
computer is now available. lt a llows computations a nd 
interactive displays, via a Tekt ronix 40 14-1 video termina l, of 
the res ults of t ransformation of geological bina ry (0-1) 
images obtained by optical or mecha nical scanning, or by 
manual digit izat ion. 

An associated picture f ile ma nage me nt system for 
image processing provides information on pic ture data , such 
as headings with names a nd dimensions, a nd comments on th e 
history of processing of each image. By means of a simplified 
conve:·sa t io nal language, logical operations between images 
or picture e lement neighbourhood transfo rmations can be 
computed by a lgorith ms designed for a rr ays of up to 
1080 x 1080 bits. These computations e .g., for a utocorr ela­
tion and cross-corre la tion , provide measures of geometrical 
att ributes of binary images a nd of rela tionships between 
im ages . 

Geometri ca l probability a nd pattern recognit ion 
concepts can be direct ly applied to such images, which 
represent va luable data bases for di ffer e nt applications 
ranging from the study of map patterns to th e a nalysis of 
mi crographi c mat e ri a ls . 

The present version of the interacti ve syst em operates 
under the NOS/BE operating softwa re on the Cyber 74 
computer of the Compute r Science Centre of the 
Depa rtment. lt utili zes the Plot JO Advanced Graphing II 
Tektronix software fo r the Te ktroni x 4014 graphic terminals . 

In order to minimize response time a nd res ide nt 
memor y requirements, it was necessa ry to seg ment the 
program package into several overlays, each executing a t less 
than 70 OOO octal words. 

From a n operationa l point of view, pictures a re treated 
as data files. The programs allow the selec tion of options and 
calls to various subprograms whi c h generate new pictures as 
output files. The latter can be used as input data for further 
processing. Plotting subprog rams for graphic display on the 
video termina l can be called as well as routines whic h modify 
the pi c ture data into input files for othe r display devices . 
Hard copies of the text of the inte rac tive conversation and of 
the binar y images displayed can be obta ined by means of a 
Tektronix 4631 hard copy unit. 

The processing of binary pictures in which each picture 
e lement co rresponds to one bit of a computer word (in an "on" 
or an "off" state representing a "0" or a "l" respectively) 
requires bit manipulation. All c haracter and bit manipulation 
in the system is carried out uitlizing routines from the EMR 
program library EMRLIB. The direct access I/O is 
accomplished using the random access routines of the 
Cyber 74. Specialized file handling routines were written to 
allow sequential f ile searching of the pic t _ure data files. 

1 National Researc h Council, Canada 
2 Computer Science Centre, Energy, Mines a nd Resources 
From: Scientific and Technical Notes 

in Current Research, Part C; 
Geol. Surv. Can., Paper 78-lC. 
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For optimum process ing speeds, the picture dat a 
organization depends on the na ture of the pi c ture processing 
a lgorithms. Fortunately, most a lgorithms process the 
pictures sys tematically, s tarting for exa mple, from the top 
left corner of the pi c tures and e nding at the bottom right 
corner. The pi c tures can then be sto red as very la rge two­
dimensional ma tri ces , in which each e lement and a certain 
numbe r of its intermediate neighbours or the co rrespond ing 
e lements in other pi c ture matrices are used in the computa­
tion. For minimizing storage , only a strip across the pic ture 
is stored in core. The width of the strip corr esponds to the 
number of rows of input pi c tur e data whi ch a re used in a 
given a lgorithm. The mi nimum strip consists of one row of 
pictu re e lements. 

The picture data is rep resented as matrices of integer 
or one bit binary numbers of up to 1080 x 1080 e lements. 
These a re s tored row by row in a sequential manner. Each 
row of pi c ture data represent s one logical record. 
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In order to allow pictures of varying sizes to be 
processed by the system, and to have the ability to inc lude a 
commentary on which processing algorithms have been 
app lied, each pic ture has a set of header records. The first 
header record (of 100 words) contains information about 
picture size, data type etc. The subsequent header records 
consist of comments. At least one comment line is added by 
each main program which has processed the picture. In this 
way a running commentary is obtained so that it is possible to 
trace what has been done to a given picture. Experience has 
indicated that these comments can be ve ry valuab le 
afterwards . The picture data is thus structured as shown in 
Figure 1. 

Organization of I/O Picture Data 

Up to five physically or operationally independent 
storage devices (discs) may be used simultaneously. Each 
picture is referred to by a number or numeric label. 
Consequently, pictures stored on physical device number 1 
are to be numbered 100, 101, 102 . . . , etc. Those stored on 
device number 2 are labelled 200, 201, 202 ... , etc . A similar 
procedure is applied to devices 3, 4 and 5. It is the 
responsibility of the user to know which label number 
corresponds to which picture . However, during the initial 
phase of a session, a procedure can be followed whereby al l 
pi ctu re labels and the corresponding header and comments 
can be listed in order to assist in identifying the labels . 

Each physically independent unit can serve either as an 
input or an output storage device . A physical unit cannot, 
however, be used in more than one role at the same time, 
since the storage is sequential. 

Conversational Structure 

The system expects the user to specify three different 
c lasses of interac tion: (a) define I/O picture numbers, 
(b) define the running parameters for a given subprogram, and 
(c) call the particular program. When the program completes 
execution, the control returns to the user . 

The conversational system is kept to a bare minimum by 
referring on ly to parameter addresses and the cor respondi ng 
values. Consequently, a description of the program and a list 
of its parameter addresses and possible values must be used 
during the interaction. The subprograms themselves are also 
ca lled by numbers which are explained in the description . 

ome sub programs present various options to the user and 
require a response. These are explained in detail and in plain 
language. 

The system attempts to be as helpful as possible. At 
the beginning of a run, in whi ch one or more existing picture 
files are available, a procedure reads the headers of a ll the 
existing files and creates a table which contains a ll informa­
tion for file availability (input or output) on a ll five storage 
devices. If during a processing step the user tries to read a 
nonexistent pictu re file or tries to overwrite existing data, 
the system simply generates error messages and returns 
cont rol to the user, without ru ining the picture data or 
aborting. Only the last picture on a physical device can be 
erased . 
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In general, the system and its subprograms try to 
protect themselves against a careless user by checking as 
much input data as possible . However, the system is also 
forgiving si nce a detected e rror will only generate an error 
message (usually a program name followed by a number) and 
return cont rol to the user, instead of returning control to the 
operating system of the computer. Thus, du ring a normal run 
the system does not allow an abort to occur 

System Philosophy 

The modern equivalent of the old Chinese proverb about 
a picture being equal to a thousand words is; "A picture is 
worth a million computer words" . Since at present computers 
do not usually have central memories of this size, and it 
shou ld be remembered that several processed versions of a 
picture may have to be access ible simultaneously, one of the 
basic problems in picture processing on a general purpose 
digital computer is the organization of the picture data. Th is 
system represents an attempt to simplify this problem as 
much as possible. 

Conclusions 

This interactive computer processing system has been 
adapted to a multi-user environment, however it still provides 
capabilities which resemble those of an image analyzer. The 
processing is slow in compari son to an image analyze r , but it 
does a llow continuous deve lopment of programs while it 
avoids capital investments in special hardware . Its only 
requirement is a graphic terminal in order to display pictures 
on which decisions are made for further processing. 

A detailed documentation of the a lgorithms used and a 
user's guide are under preparation by the authors . 
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THE EFFECT ON VITRINITE REFLECTANCE OF 
ELEVATED TEMPERATURES DURING SAMPLE 
PREPARATION 

D.L. Marchion i 
Institute of Sedimentary and Petroleum Geology, Calgary 

Introduc tion 

An invest igation of vertical and lateral rank var iation 
as expressed by mean maximum vitrinite reflectance is in 
progress as the initial part of a study of t he petrography of 
the !i gnite deposit at Hat C reek, south-central British 
Columbia. P re liminary determinations indicated an inc rease 
fr om 0.25% to 0.53% fo r th is parameter over the thickness of 
t he de posit (300 m) . To provide mean ingfu l resu lts fo r a 
com para t ive ra nk study involving coa ls of such low ra nk, 
withi n a deposit in which vertical changes are re lativel y 
small , it is clear that all sources of error , however sma ll , 
needed to be investigated and either erad icated or at least 
qua ntified . 

The usual method of preparing part ic ulate coa l samples 
fo r mic roscopic ana lyses at the Institute of Sed ime ntary and 
Petrole um Geology (and at other laboratories) is by mixi ng 
the coal a nd a t he rmoplast ic powder into a mou ld and form ing 
a pellet by sub jecting the mixtu re to heat and pressure . The 
e quipme nt used at t he Institute generates te mperatures up to 
l l 0°C for a per iod of approximate ly 20 m inutes. An 
a lternative method , common to many laborator ies , is to use 
li qu id epoxy or polyester resi ns as the mou nt ing mediu m. 
Some of these co mpou nds al so generate heat whe n ha rdening 
after t he add ition of a catalyst but in most cases temperatu re 
inc rease can be held to low levels by the selection of a 
suitable res in . This latter method is used in response to the 
known behaviou r of coal to extraneous heating a nd to the 
fr e que nt warnings in the literatu re concerning 'overheating' 
of samples dur ing dryi ng and pellet preparation (e .g. 
Interna tiona l Co mmission for Coal Petrology, 197 1, 1973 ; 
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A.S.T.M. Standards, 1977). There are few quantitative data 
available on the effects of the labora tory heating of coal 
samples on their vitrinite reflectance and the temperatures 
considered excessive vary from 50°C to 100°C. 

Based on the methods of pa!eotemperature determina­
tion of Huck and Karweil (1955), it a ppears that the Hat 
C reek !ignites have never been subjected to temperatures in 
excess of 70°C. Although the heating produced during the 
'thermoplastic ' mou nting procedure is of short duration, it 
was considered possible, especia11y in view of the 
significant ly lower pa!eotemperatures involved, that 
anomalous vitrinite reflectance values may result. The a im 
of this investigation was to determine if there was an 
inc rease in vitrinite reflectance in samples prepared by the 
'thermoplastic ' method over those prepared in cold-setting 
resins, to quantify such variations, and to determine if the y 
war ra nted changes in sample preparation technique. 

Method and Results 

Seven samples of Hat Creek lignite and six other 
western Ca nadian c oals were selected to provide a range of 
rank between mean maximum vitrinite reflectances (R- max .) 
of 0.25% a nd 1.0%. All of these coals had mcPximum 
pa!eotemperatu res of 60°C to 95°C. In each case, samples 
were c rushed to pass a 20 mesh s ieve and then two splits of a 
vol ume suitable for the preparation of a particulate pellet 
were obtained by riffling. One split was then mounted by the 
'thermoplastic ' process and the other in a cold-setting resin. 
The res in used was found to inc rease in temperature by only 
3°C above room temperature during harden ing . Both pellets 
were then polished by the same proced ure and then stored in 
a des iccator . 

Thi rty determinations were mad e of maximum vitrinite 
reflectance on each pellet, according to a standard pro­
cedure. In all cases, the pellets which had been heated 
revealed mean reflectance values higher than those set 
without heat ing . Figure l shows the R- max. of a ll pairs of 
pe llets, plotted agai nst the R- max. of the cold-set sample in 
each case (horizontal axis). 

0 
The graph shows disparit ies 

ra nging fro m 0.0 15% to 0.05% between the same coal 
mounted by the two different processes. Harr is on (1965) a nd 
Thomas and Damberger (1 976) found that reflectance 
increased as samples of the same coal were su bjected to 
progressive drying. It is possible that the higher ref!ectances 
recorded here may be due to the loss of pore moisture by the 
impos ition of high .temperatures during moulding. Reflec ­
tance discrepenc ies are highest in the 0.25% to 0.50% range 
of R- max . where natural moisture content wou ld also be 
highe~t. Alternatively, the variation may be due to more 
f undame ntal changes in the chemical-physica l nature of 
vi tri nite, as in the normal processes of coa!ification, 
primaril y in response to heat ing . 

Over the range of R- max. from 0.25% to 1.0%, the 
re lat ionship between the twi sets of samples is expressed by 
t he equation: 

y = 0.9759x + 0.0444 (correlation 
coefficient = 0. 9918); 

where y = R- max. of a sample prepared by the 
0 

'thermoplastic' process 

and x = R- max. of the same coal mounted 
0 in a cold-setting resin . 

Vitr in ite ref lectance dete rminations were repeated on three 
pa irs of pellets by members of the Coal Technology Section 
a nd, wh ile the absolute value of R- max. varied by ±0.01 %, 
the disc repancy between samples 

0 
of the same coal was 

ident.ical for each ope rator. 
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The above relationship indica tes a n increase in R- max . 
of relatively low ra nk coa ls (high volatile bituminoSs a nd 
lower) by approximately 0.03% by heat ing to l 10°C during 
sample preparation . While this appears to be quite a smaJJ 
error, it should be noted that the range of ref lectance va lues 
dete rmined on individual pellets of Hat Creek coa l is 
generally less than 0 .1 3% and R0 max . is repeatable to ± 0.0 l %. 
At this level of accuracy and in view of the small range of 
reflectance within the deposit (0.30 %), this sou rce of error is 
cons idered significant . In te rm s of a com parative rank study, 
it is particula rl y sig nificant that the discrepancy is not 
constant. It was decided that a ll samples of Hat Creek 
lignite prepared for reflectance analyses wou ld be mounted in 
cold-setti ng resin as would othe r coals used in detailed rank 
studies. For most indust rial appli cations, this error is no t 
sign ifi cant and wou ld have li ttle effect on calcu lations of 
other chemical and physio-chemica l parameters of the coa l or 
on any decisions likely to be made during exploration or 
assessment of potentia l. 
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Su bmissions to the Discussion section of Current Research a re we lcome from 
both the s taff of the Geo logical Survey and from th e public. Discuss ions a re limited to 
6 double-spaced typewritten pages (about l 500 wo rds) a nd a re subj ect to rev iew by the 
Chief Scientific Editor . Di scussio ns a re rest ri cted to the scien tific content of 
Geological Survey reports. Gene ral disc ussio ns co ncerni ng branch or gove rnment policy 
will not be accep ted . Ill us tra tions will be accep te d only if, in the op inion of the ed ito r, 
they are conside red esse nti a l. In a ny case no red rafting will be undertaken a nd 
reproducible copy must accompany the ori gi na l submi ss ions . Discussion is limit ed to 
recent reports (not mo re th a n 2 yea rs old) and may be in either English or Frenc h. 
Every effort is made to include both Discussion a nd Reply in the same issue. 
Current Rese arch is publi shed in January, Jun e and Novembe r. ubmi ssions for these 
issues should be received not late r than Nove mbe r l, April 1, a nd September l 
respective ly. Submissions should be sent to the Chief Scientific Editor, Geologica l 
Survey of Cana da, 60 l Booth Street, Ottawa, Canada, Kl A OE8 . 



Ill DISCUSSIONS AND COMMUNICATIONS 

CARMANVILLE MAP AREA, NEWFOUNDLAND; THE 
NORTHEASTERN END OF THE APPALAC HIANS 
- DISCUSSION 

W.D. BrUckner 
Department of Geology, Memorial Uni versity of 
Newfoundland, St. John's, Newfoundland, AIB 3X5 

Manuscript received June 13, 1978 

As the Carmanville area st raddles the tectono­
stratigraphic Zones F and G, or Botwood and Gander zo nes, of 
the northeastern Appalachians (W ii Ii ams et al., 1972, 1974), 
the detailed study of its complex bedrock geology is of 
considerable general interest . The compact progress report 
on work in this a rea by Picker ill et a l. ( 1978) clearly shows 
that much new information has been gathered recently 
despite the frustrating extensive cover of thick regolit h and 
bog, and of dense forest. The new observations and 
inferences concerning the plutonic bodies, and the history of 
penetrative deformation and metamorphic c hanges, are 
espec ially praiseworthy. Yet the report also has aspects that 
call for a few c ritical comments . I shall deal with them 
under two headings . 

Nomenclature 

Pickerill et al. have assigned the nonint rusive roc ks 
south of the Ragged Har bour Fault and west of the gneissic 
Flinns Tick le complex, i.e. the units 3 to 5 of their sketch 
map, to the "Gander Lake Group as defined by Kennedy and 
McGonigal" ( 1972) and those on the northwest side of the 
fault, i .e. their units 7 to 11, to the "Davidsvi lle Group", a lso 
following Ken nedy and McGonigal ( 1972), apart from a 
significant boundary correction in the northeast . 

The term "Gande r Lake Group" was introduced by 
Jenness (1958, 1963) in order to adapt the "Gander Lake 
Series" of Twenhofel (1947) to the recommendations of the 
American Commission of Stratigraphic Nomenclature (1956, 
1961). This group, with the type sect ion alongside Gander 
Lake, conta ined all nonintr usive rocks t hat under lie the a rea 
bounded roughly by Gander Bay in the northwest a nd 
Bonavista Bay in the southeast. Subsequently, Ke nnedy and 
McGonigal (1972) subdivided the rocks of this very broad 
group into three parts: ( l) a "gneissic terrane" to the 
southeast and east (in the Carmanville area represented by 
the Flinns Tickle complex of Pickerill et al.) ; (2) a "meta­
sedime ntary te rrane" in the central part of the region; a nd 
(3) a "sedimentary and volcanic terrane" to the northwest . 
They also ass igned formal names to subdivisions (2) a nd (3), 
ca lling them the Gander Lake Group and Davidsvi lle Group, 
respectively . Yet as restriction of a group name to only one 
of several subdivisions of the sequence which originally had 
that name contravenes a stipu lation of the nomenclature 
comm ission just mentioned (1 970, ar tic le l 4(b)), I suggested 
at once that a name other than Gander Lake Group be chosen 
for the "metasedimentary terrane" (BrUckner, 1972). Jenness 
( 1972) a lso expressed concern about Kenned y and McGonigal 's 
new di visions and interpretations, ment ioning among severa l 
reasons that emphasis seemed to have been given to struc­
tural rather than st ratigraphic cr iteria (op . cit . , p. 178 1). 
Faced with such c rit ical statements, Kenned y and McGonigal 
quiet ly abandoned thei r incorrect and confusing redefinition 
of the Gander Lake Group, and their metasedimenta ry 
terrane was henceforth call ed the "Gander Group" (see e .g. 
McGonigal, 1972; Uzuakpunwa, 1973 ; Ken nedy and 
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Blackwood, 1974; Kennedy, 1975; Blackwood and Kennedy, 
197 5; Blackwood, 1977, 1978). It is most unfortunate, 
therefore, that Pickerill et al. have chosen to resurrect 
Kennedy and McGonigal's incorrect redefinition of the Gander 
Lake Group. 

A further confusion results from the cor rection 
Picker ill et al. found necessary to make to the bounda ry 
between the (incorrect ly redefined) Gander Lake Group and 
the Davidsville Group . In 1977, Currie a nd Paja ri, two of 
Pickerill's co-authors, had cautiously spoken of the Gande r 
and Davidsv ille "sequences", instead of "groups"; and because 
of the boundary corr ection, rocks of their Gander sequence 
have now become "metamorphosed eq uivalents of the 
Davidsvill e Group" (Picke rill et al., 1978, p. 210). 

Clear ly, such nomenclature confusion call s for rectif i­
ca tion . It may suffice to explicitly reject again Kenned y a nd 
Mc Goniga l's Gander Lake Group and to abandon ex plicit ly 
Cu rrie and Pajari's Gander sequence as well, adding 
concu rrent ly a statement that t he units 3 to 5 in the map 
legend of Pic kerill et al. should have been assigned to the 
Gander Group as used since 1972 by other workers in the 
general region. It ma y be better, however, to use neithe r 
Gander Lake nor Gander again as names for stratigraphic or 
st ructural/metamorph ic subdivisions in the tectono-strati­
graphic Zones F and G of northeastern Newfou ndl a nd, a nd to 
introduce instead new, preferably still informal, names . 

Furthermore, the term Davidsville Group should a lso be 
abandoned because "the gross st ruc ture and hence the 
stratigraphy" of the roc ks c urr ently assigned to this group "i s 
imperfectly understood" (Picker ill et a l., 1978, p. 211 ). The 
assumption that an allochthonous sheet (possibly an 
equ ivalent to the "Davidsville Nappe" of Uzuakpunwa, 1976) 
is present in the Carmanv ill e area makes it clea r that the 
stratigraph y of Kenned y and Mc Gonigal's "sedimentary and 
volcanic terr ane" is more complex than is thought at present 
(see below). Obviously, therefo re, the use of a formal 
st ratigraphic name is stil l inappropriate . 

Interpreta tion of the "Sedimentary a nd Volcanic Terrane" 

Despite their uncertainty about "the gross structu re and 
. .. stratigraphy'', Pic kerill et al. seem to be confident in 
assigning, in both text and map legend, definite consecutive 
stratigraphic positions to their units 6 (Gander River ultra­
mafic belt) and 7 to 11 (Davidsv ille Group). Their map, 
however, appears to contradict this concept . For example, 
one band of unit 9 (conglomerate) lies between the (mainl y 
shaly) units 10 and 11; another band of unit 9 lies inside 
unit 11; and neither band makes contact with unit 8 (olisto­
st rome ). Unit 8, moreover, touches unit 7 (ma inl y volcanics) 
only in the northwestern part of the area whereas another 
band of unit 8 lies within rocks of unit 11; a nd in the west , 
unit 8 has an even stranger relat ionship to units 7, 10, and 11 . 
The field re lationships, mention of an a llochthonous sheet, 
and remarks on the significance of unit 8 (op . cit . , p. 214) 
rather suggest that the true mutual relat ionships of the 
units 6 to 11 differ considerably from those given in the tex t 
and map legend. 

The key to a more appropriate interpretation obviously 
is unit 8 , which Currie a nd Pajari (1977) have a lr eady stated 
is "not a st ratigraphic unit" . In 1972, I found from personal 
observation that this unit is not an olistostrome consistent 
with the original definition of this term by Flo res (19 55 ), i. e . 
a mappable deposit of c haotic composition resu lt ing from 
la rge-scale mass- wasting in a semifluid state , interbedded 
between "normal" strata of a sedimentary sequence. Instead, 
it is a "me lange" exhibiting the c ha racter ist ic properties of 
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"zones of c haotic structure" that lie beneath and between 
allochthonous tectonic slices such as have been found a nd 
described, e.g., in the West Newfound land klippe (or "Humber 
Arm Allochthon") by BrUckner ( 1966), Comeau (1972), 
Wil liams (1 975 ), and others. Thus, where it is not strongly 
affected by metamorphism, unit 8 Jacks diagenetic cementa­
tion of its constituent clasts whereas genuine olistostromes 
a lways show diagenetic changes c losely matching those 
exhibited by the "nor ma l" (i.e . non-chaotic) strata below and 
above them . (For other characteristi cs of "zones of chaot ic 
structure", their associat ion with flysch sequences, a nd the 
inferred mode of their origin and emplaceme nt, see Bruckner, 
I 975.) 

By analogy with t he clear relationshi ps within the 
"Humber Arm Allochthon" (and of cou rse also with those in 
other orogen segments conta ining "m elange" zones) , the ba nds 
of unit 8 discernible in the Carmanv ill e a rea should be 
interp reted as "zones of c haotic st ructure" that separate 
transported, allochthonous sheets or sli ces from one another 
and from an authochthonous terrane beneath them (although 
the latter may not be ex posed or identifiable). By suggesting 
that an allochthonous sheet may be present, Picker ill et a l. 
clearly we re on the r ight track, but they should have gone 
fu rther. Other transported sheets or sli ces no doubt exist in 
the area , and even the Gander River ult ramaf ic be lt with i ts 
strangely disrupted nature (see maps by Jenness, I 958) wou ld 
seem to be an al lochthonous body com posed of melange w ith 
"knockers " floati ng in it. Like the Bay-of-I slands ophiolite 
s labs crowning the West Newfou nd land klippe, this belt 
probably represents reli cs of the uppermost transported slice 
of the region, and if so , it cannot be "conti nuous at depth" as 
assumed by Picker ill et al. (I 978, p. 2 I O) . (Incide ntally, the 
belt of much disrupted ultramaf ics a nd related rocks a long 
the Baie Verte lineament in the tectono-strat igraph ic Zone C 
(Fleur de Lys Zone) of Newfound land (Williams et a l. , 1977; 
Williams and St. Julien, 1978) seems to represent a 
comparable (though a lso tectonically torn) allocht honous unit 
of "knockers" and melange .) 

Once they are mapped in detail, each of t he transport ed 
s li ces separated by melange zones shou ld be found to have its 
individual st rat igra phic sequence, proba bl y with lit tle 
diffe rences ex isting between sli ces com posed of sha le ­
greywac ke (flysch) sequences (units JO and I I), a nd with a 
g reat contrast to be noted where a f lysch-sequence slice, and 
one cons isting of volcan ics and re lated rocks (unit 7), a re 
ju xtaposed . In the cou rse of the tectono-strat igraphic 
reassessment suggested, the stratigraphic posit ion, mode of 
emplacement , and c last sou rce(s) of the unit 9 conglom­
e rate(s) wou ld probably become identifiable mo re clearl y as 
well. 

By analogy with the geotectonic-environmental 
development inferred for the Humber Arm Allochthon (and 
similar examples), up li ft and partial erosive dissection a nd 
disintegration of the ter ra nes involved, continuing dur ing 
subsequent gravity s liding and gradual stacking of transport ed 
s li ces deri ved from the m, wou ld have begun at some di stance 
to the northwest. Penecontemporaneous ly, the fine r-gra ined 
eroded material would gradua lly have been depos ited fa rther 
southeast as the Arenig-to-Ca radoc ia n flysch sequence that 
now constitutes the bu lk of the sedimentary ter ra ne north­
west of the Ragged Harbour Fa ult . La rger bodies form e d by 
mass-wa sting, however, wou ld have become trapped between 
the moving s lices and tectonically redist r ibuted to form the 
in tervening "zones of chaot ic st ructu re". Although start ing 
from a misinterpretat ion of unit 8, Pickeri ll et a l. (1 978, 
p. 214) did visualize a somewhat comparable mega-tectonic 
development. I feel confident, however, that a modified 
interpretation such as suggested a bove can be established 
despite the difficulties aris ing (beside scarc ity of exposures) 
from the effects of a second orogeny, intrusion of plutons, 
a nd concomitant metamorphism th roughout the tectono­
stratigraphic zones of which the Carm a nvil le area is pa rt. 
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Introduction 

The policy and general philosophy of this Geologic al 
Survey of Canada Publication is perhaps best summarized in 
the anonymous introduction to Paper 74-1 Part A whic h 
states that ... "Many of the conclusions presented in this 
publication a re based on a preliminary assessment of the data 
collected and are subject to confirmation or revision" .. . In 
our report (Pickerill et a l. , 1978) we presented the pertinent 
observations of our mapping in the summer of 1977 in the 
Carmanville map area, northeastern Newfoundland, researc h 
which is sti ll incomplete and is sti ll being continued. The 
criticisms raised by Bruckner a re essentially twofold : strati­
graphic nomenclature and interpretation of the sedimentary 
and volcanic terrane. Since the preliminary report was 
neither an approp riate nor sufficient vehicle for discussion of 
these involved problems we welcome this opportunity to 
expand our previous statements. 

Stratigraphic Nomenclature 

Many differences exist in stratigraphic philosophy; some 
are national or regiona l, others are the result of differing 
professional backgrounds a nd others are a result of the 
problems faced (H edburg, l 972a) . This is hardly surprisi ng as 
stratigraphy is a dynamic science and new concepts are 
cont inua ll y being evolved . Lithostratigraphic units, those 
with which we are concerned here, are objective or observa­
tiona l units and irrespective of their rank in classification are 
characterized by a distinctive lithologic type or package of 
lithologic types. Because, in part, this particular research 
program was formulated under the auspices of the 
International Geological Cor relation Programme (IGCP), our 
stratigraphic nomenclature was employed using guidelines 
proposed by the Internationa l Subcommission on Stratigraphic 
Classification (!SSC). The lithost ratigraphic guidelines were 
published in 1970 (!SSC Report 3) and subsequently 
summari zed in Hedbu rg (l 972b, 1976). 

The nomenclatural problems and their historical 
development in this part of nor theastern Newfoundland have 
been succinctly summarized by Bruckner . Essentially he rec­
ommends that both terms Gander Lake Group and Davidsville 
Group of Kennedy and McGonigal (1972a) and ourselves 
(Picker ill et al., 1978; Pajari and Currie, 1978; Pa jar i et al., 
in press) be abandoned, the former because it contravened 
Article 14(b) of the Code of the American Commiss ion on 
Stratigraphic Nomenclature and the latter because we had 
stated that " ... the gross str ucture and hence the stratigraphy 
of the Davidsville Group is imperfectly understood .. . ". We 
will therefore consider each of these in turn . 

Gander Lake Group 

When Kennedy and McGonigal ( 1972a) defined the 
Gander Lake Group for the ir 'metasedimentary terrane' or 
'lowe r di vision' of Jenness' ( 1958) tripartite Gander Lake 
Group they undoubtedly contravened the Code of the 
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American Commission on Stratigraphic Nomenclature, as 
Bruckner (1972) correctly pointed out. The immediate 
discussion raised by Bruckner ( 1972) and Jenness ( 1972) was 
defended by Kennedy and McGonigal (l 972b) who, 
furthermore, continued to utilize Gander Lake Group in their 
original sense. Subsequent workers, however ~ 
abandoned ' this incorrect and confus ing definition and, 
instead, adopted the term Gander Group (e .g. Kennedy and 
Blackwood, 1974; Blackwood and Kennedy, 197 5; Kennedy, 
197 5, 1976). This 'quiet abandonment' and subsequent 
adoption of an a lternative nomenclature cont ravenes all 
known st ratigraphic codes because " ... the revision or redefini­
tion of an established st ratigraphic unit requires as much 
justification as the establishment of a new unit ... " (!SSC 5• 5 -
Hedburg, 1972b). Since the establishment of a formal 
stratigraphic division requires definition and publ ication in a 
'recognized scientific medium', which has thus far not been 
attempted, adopting the term Gander Group as used s ince 
1972 (as recommended by Bruckner) simply c reates more con­
fusion and cont ravenes, even further, acceptable strati­
graphic codes because, for example, !SSC 5•4 suggests that 
"priority ... of a defined unit should be respected". In our 
report (Pickerill et al., p. 209, 1978) we made it perfect ly 
c lear that we had adopted Gander Lake Group in the sense of 
Kennedy and McGonigal, thus avoiding the improper usage of 
'Gander Group' as a recognizable stratigraphic unit but also 
implying that Kennedy and McGonigal's definition, although 
erroneous, was still the most recently formalized . It may 
well be, as Bruckner suggests, that eventually we will revise 
the stratigraphic terminology once our resea rch is complete -
until that time we are forced to adopt the lesser of the two 
evils . 

David svil le Group 

Kennedy and McGonigal (l 972a) defined the Davidsv ill e 
Group as a distinctive assemblage of lithofacies found 
between the Gander Lake Group to the southeast and the 
Silu rian Botwood and Indian Island groups to the northwest, 
encompassing the 'middle' and 'upper units' of Jenness' ( 1958) 
Gander Lake Group. Though Jenness ( 1972) suggested the 
term should be rejected his reasoning was unsound and 
subsequent workers in a variety of geological disciplines have 
continued its adoption (e .g. Kennedy and Blackwood, 1974; 
Kennedy, 1975, 1976; Bell et al., 1977; Rast et al., 1976; 
Strong a nd Dickson, 1978; etc.) . More recently two of us 
(Pa jar i a nd Currie, 1978) examined the term in detail and 
concurred that it was a useful stratigraphic description for 
the assemblage of black, green and maroon slates, grey­
wackes and conglomerates and basal volcanic roc ks in this 
area. 

Bruckner's main objection stems from our statement 
that "the gross structure a nd hence the stratigraphy is 
imperfectly understood". This statement still remains t rue 
but when we made it (Pickerill et al., 1978, p. 211), we were 
referring to a more detai led stratigraphic understanding 
within the Davidsville Group - because of this we made no 
attempt to refine the st ratigraphy and merely designated 
lithologic units numerically. The internal stratigraphy is 
extremely complex, but this still does not preclude assigna­
tion of the total distinctive package to the Davidsville Group. 

Usually, if there are conflicts in stratigraphic 
terminology it is often necessary to fall back on the test of 
usage . If a term is not useful it wil l die out and, moreover, 
leaving the decision to the test of usage avoids any suggest ion 
of unjust suppression . As Hedburg (l 972b) points out, 
"Priority of a properly proposed, named and defined unit 
should be respected ... the critical factors should a lways be 
the usefulness of the unit, the adequacy of its description, the 
freedom from ambiguity, and the suitability for widespread 
application" (!SSC 5· 4) . We, as apparently others, believe 
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that the term Davidsville Group, fulfills all these 
prerequisites and is a clearly suitable and applicable term a nd 
therefore prefer to retain it. 

Interpretation of the Sedimentary and Volcanic Terrane 

The assumption that our numerically designated units in 
Pickerill et al. (1978) were consecutive stratigraphic units 
was incorrect. In fact it is specifically stated in both text 
and map legend that this is not the case although "as far as 
possible map units (were) fitted into their a ppropriate 
chronological position" (Blackadar et a l., 1975). The c ritic ism 
of Bruckner ( 1978) therefore rests on his misunderstanding 
that numerical units represented both a ch ronostratigraph y 
and Ji thostratigraphy sensu str icto, whereas the former by 
necessity sensu Jato. 

Bruckner's major cr iticism is directed towards our 
interpretation of unit 8 as an olistostrome and claims that 
" ... it is a 'melange' exhibiting the characterist ic properties of 
'zones of chaot ic structure' that lie beneath and between 
allochthonous tectonic slices ... ". We agree that unit 8 is a 
melange but not that it is a 'zone of c haotic str ucture' as 
defined by Bruckner (1966, 197 5). By stating that melanges 
occurred in definitive tectonic positions in association with 
nappes a nd tectonic slides Bruckner (ibid .), perhaps inadvert­
ently, introduced certain genetic (tectonic) implications as to 
the origin of zones of chaotic structure! We have subse­
quently presented (Pajari et al., in press) a detailed 
description and evidence to substantiate our general 
conc lusion that the melange unit 8 is sedimentary and not 
tectonic in origin, and the reader is refer red to this paper for 
a more detailed appraisal. Admittedly, the distinction 
between the two can be difficult si nce both tend to be 
associated with trench slopes at active convergent plate 
margins (e.g. Dickinson, 1971, 1973; Seely et a l., 1974; White 
and Klitgord, 1976), where olistostromes can subsequently 
undergo a melanging process by moving into th e subduction 
zone or' alternatively, melanged terrain exposed on a trench 
inner slope can fail gravitationally to form an olistostrome 
(see Moore et al., 1976). Nevertheless, the following general 
observations lead us to concl ude that the melange is 
sedimentar y in origin :-

1) Contrary to the preliminary observation of Currie and 
Pajari (1977) that the melange was not a stratigraphic 
unit, more detai led mapping has revea led that it does 
occupy a definitive st ratigraphic position in the upper part 
of the Dav idsville Group. 

2) The melange is overlain and underlain by deep-water 
marine sediments of a pproxima tely the same age. 

3) Underlying sediments exhibit soft -rock (hydropJastic) 
deformation features. 

4) The argillaceous matrix of the melange exhibits soft-rock 
deformation . 

5) Blocks within the melange have rotated a round inconstant 
axes during the movement of the mass . 

6) The deformation style exhibited by the melange is 
inconsistent with a tectonic origin . Moreover, upper and 
lower contacts are not bounded by shear surfaces (see Hsu, 
1974) . 

These observations are consistent with the original 
definition of an olistostrome by Flores (1955) and are cr iteria 
commonly employed in their recognition (see Abbate et al., 
1970). Furthermore, unit 8 only represents the presently 
known distribution of the 'matrix' of the melange, where both 
pelitic matrix and chaotically ordered but recognizable 
olistoliths can be discerned. Further mapping, particularly to 
the southwest, may reveal other 'matrix ' horizons and it may 
well be that the Davidsvi11e Group in toto is a mega-melange, 
as suggested by Williams (1978, pers. comm.). 



There is no direct evidence to suggest that the melange 
separates and is associated with aJJochthonous sheets or 
slices, as Bruckner suggests. Indeed, his presupposition that 
aJJochthonous slices similar to the Bay-of-Islands ophioli te 
slabs and Humber Arm AJJochthon is probably erroneous. For 
example, he states that the Gander River uJtramafic belt 
"probably represents relics of the uppermost transported slice 
... and cannot be continuous at depth as assumed by PickeriJJ 
et al. (J 978, p. 210)". However, geophysical studies 
conducted by H.G. MiJJer in conjunction with ourselves 
clear Jy demonstrate that this belt is, in fact, continuous at 
depth and underlies the DavidsviJJe Group. 

In our opinion, attempts to mode! the CarmanviJJe area 
by analogy to the Humber Arm AJJochthon, or by analogy to 
any other area for that matter, are premature. When the 
present study is complete we hope that it wiJJ define a 
tectonic model appropriate to this region . In times when the 
geologic mode! has attained its peak in popularity, as 
particularly exemplified in Newfoundland, we can only hope 
that it is the mode! and not the geology that is discarded 
when the two disagree . 
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