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SEDIIENTOLOGY OF THE PRINCE GUSTAF ADOLF SEA 
AREA, DISTRICT OF FRANKLIN 

Polar Continental Shelf Project 

INTRODUCTION 

General ,Statement  

Marine geological work in Prince Gustaf Adolf Sea was 

initiated in the spring of 1962 as part of the Polar Continental 

Shelf Project of the Department of Mines and Technical Surveys, 

and has been carried on since that time by various field parties 

of the Geological Survey of Canada. These geological investiga-

tions were designed to provide a reconnaissance survey of sedi-

mentation on the sea floor as well as detailed coverage of 

selected nearshore areas. The prime objective of the present 

study was to define textural and compositional patterns in the 

bottom sediments and to relate these patterns to past and present 

oceanographic and geologic factors. The area described in this 

report includes Prince Gustaf Adolf Sea (Figure 1), Maclean 

Strait, and the area south of Ellef Ringnes Island and north of 

Bathurst Island. 

Many of the factors which control sedimentation in Prince 

Gustaf Adolf Sea are poorly understood. The role of sea ice 

as an agent of transport and erosion is difficult to assess, and 

the sedimentary framework is made complex by the effects of 

tectonic movements of the crust and post-glacial rebound. Only 

sparse oceanographic information from the study area is available. 

Although there is little control information other than bottom 

topography in the area, this study presents a picture of 
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Fig. 1 	Index map — shaded pattern indicates area of study. 
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sedimentation on a tectonically active continental shelf in an 

extreme climatic environment. In an effort to define the 

sedimentary framework, the compositional and textural data 

obtained from a detailed examination of 80 bottom sediment samples 

and cores are presented here. 

Location 

The area of this report is located in the Queen Elizabeth 

Islands of the Canadian Arctic Archipelago, between the Sverdrup 

Islands on the east and MacKenzie King, Borden, and Melville 

Islands on the west (Figure 1). It is bounded on the north by 

the Arctic Ocean and on the south by Bathurst Island and Byam 

Martin Channel. It includes Prince Gustaf Adolf Sea, part of 

Wilkins Strait, Desbarats Strait, Maclean Strait, and an unnamed 

sea area between Ellef Ringnes Island and Bathurst Island. 

Associated land masses include Ellef Ringnes, Borden, MacKenzie 

King, King Christian, and the Findlay Group of islands. The latter 

include Lougheed Island and four small adjacent islands. 

Acknowledgments  

Field operations were based on the facilities of the Polar 

Continental Shelf Project at Isachsen, Ellef Ringnes Island. 

Logistical support was furnished by E. E. Roots, Coordinator of 

the Project. The author is especially grateful to Field 

Supervisors F. P. Duvernet, now deceased, and C. Grant, whose 

efforts made possible the successful execution of sampling 

programs in spite of adverse conditions. I.Zemmels, W. Johnson, 
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and J. M. J. Stewart ably assisted in the field work. Special 

thanks are due to helicopter pilots J. Blake, J-L. Gaudet, P. 

Hort, and H. Easton who, in addition to their flying duties, 

assisted in handling the sampling equipment. Sounding charts of 

the area were compiled by hydrographic field parties under the 

direction of R. M. Eaton, of the Canadian Hydrographic Service. 

Sediment texture analyses and heavy mineral separations were 

carried out by R. Cormier, G. Duncan, and S. Pitcher. Much 

information on the movement of ice in the Prince Gustaf Adolf 

Sea area was acquired in discussions with Captain V. Cuthbert, 

of the Department of Transport, and W. Black, of the Geographical 

Branch, Department of Mines and Technical Surveys. 

History of Exploration 

The first visit of civilized man to the area of this report 

was made in the spring of 1901 by Isachsen and Hassel of the 

Second Norwegian Polar Expedition, under the command of Otto 

Sverdrup. Departing Cape Southwest at the southern end of Axel 

Heiberg Island (Figure 2), Isachsen and Hassel travelled across 

the ice to the south coasts of Around Ringnes and Ellef Ringnes 

Islands, passing northward up Danish Strait along the west coast 

of Ellef Ringnes Island to Cape Isachsen and taking about six 

weeks to complete their journey around the two islands (Taylor, 

1955, p. 88-89). Prince Gustaf Adolf Sea, King Christian Island, 

and a number of associated geographical features were described 

and named as a result of this journey (Sverdrup, 1904). 

The area was next visited by D. B. MacMillan, who, sledging 

_ 
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Fig. 2 	Routes of early exploration in the Price Gustaf Adolf Sea area. 
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from a base in Greenland, reached King Christian Island in 

April, 1916 (Taylor, 1955, p. 99-102). A few days later, he 

returned eastward across the ice south of Ellef Ringnes Island. 

Sledge parties of the Canadian Arctic Expedition, under 

Vilhjalmur Stefansson, passed through the Prince Gustaf Adolf Sea 

area at various times during the travel seasons of 1916 and 1917. 

In May, 1916, a party led by Stefansson sledged northward from 

Melville Island to Cape Beauchat, on MacKenzie King Island. 

Stefansson then proceeded northwestward around Brock Island, 

across Wilkins Strait, and along the north coast of Borden Island. 

Passing directly across Prince Gustaf Adolf Sea to Cape Isachsen 

on Ellef Ringnes Island, Stefansson split his party and sent part 

of it, under Castel, southward towards King Christian Island while 

he and the remainder of the group continued explorations to the 

east. After discovering Meighen Island, Stefansson returned 

westward in June, 1916, touching at the south end of Ellef 

Ringnes Island, where he found evidence of MacMillan's visit 

of three months earlier. Continuing his journey to the west, 

Stefansson and his men landed on Lougheed Island on August 9. 

Because of poor travelling conditions on the ice, they camped at 

the south tip of the island until September 3, when the ice was 

again suitable for men and sledges. The party then travelled 

up the west coast of Lougheed Island and across Prince Gustaf 

Adolf Sea to Cape Murray, on Brock Island. Due to the failure 

of the hunting party under Castel to cache a meat supply at Cape 

Murray, Stefansson was forced to return to his base on Melville 

Island immediately. On meeting Castel, Stefansson learned 
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(Stefansson, 1924, p. 563) that he himself was probably not the 

first to discover Lougheed Island, for Castel's party, on 

travelling southward down Prince Gustaf Adolf Sea, had touched 

on the northeast coast of the island. Castel stated that he had 

erected a cairn on the spot. Although the author's party, during 

the 1962 and 1963 field seasons, found evidences of Stefansson's 

visit to the island, no trace of Castel's cairn was located. 

Stefansson returned to the Prince Gustaf Adolf Sea area in 

1917, en route to the Beaufort Sea. A venture onto the Polar 

Pack was cut short by an outbreak of scurvy in the party, and 

the group returned to land, camping for several days at Hospital 

Bay on Ellef Ringnes Island (Figure 2). 

The route of the 1929 patrol of Staff Sergeant A. H. Joy, 

of the R.C.M.P., covered over 1,700 miles and crossed Prince 

Gustaf Adolf Sea from Hazen Strait, around Lougheed Island, and 

south through Danish Strait. 

No further exploration in the Prince Gustaf Adolf Sea area 

took place until the establishment of the joint Canadian-American 

weather station at Isachsen, in 1948. 

Previous Geological Investigations  

Members of the Sverdrup expedition (Sverdrup, 1904) collected 

geological specimens and commented generally on the physiography 

of Ellef Ringnes Island. Stefansson (1916) obtained what were 

probably the first bottom sediment samples from Prince Gustaf 

Adolf Sea while taking soundings by wire line at scattered 
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locations. 

Investigations of the Geological Survey of Canada commenced 

in the area in 1953 and since that time the regional geological 

setting has become increasingly well-known. Heywood (1957) 

described the stratigraphy of the Isachsen area, on Ellef Ringnes 

Island (Operation Franklin). A large-scale investigation supported 

by aircraft, was carried out in 1955 over a wide area of the 

Canadian Arctic Archipelago, including Ellef Ringnes and parts of 

Lougheed Islands (Fortier, et al., 1963). As part of Operation 

Franklin, Roots (1963) described the physiography of Ellef 

Ringnes Island and the Findlay Group. Gypsum piercement domes 

and their associated stratigraphy on Ellef Ringnes Island were 

examined in detail by McLaren (1963), Blackadar (1963), and 

Greiner (1963). The physiography and geology of part of southern 

Lougheed Island was described by Glenister and Thorsteinsson (1963). 

The geology of the Western Queen Elizabeth Islands, including 

Borden and MacKenzie King Islands, was described by Tozer and 

Thorsteinsson (1964) on the basis of field investigations carried 

out from 1954 to 1959. Papers by the same authors (Tozer, 1960, 

Thorsteinsson and Tozer, 1960) summarize the structure and 

stratigraphy of the Canadian Arctic Archipelago on a regional 

basis. 

Marine geological work in Prince Gustaf Adolf Sea and 

adjacent areas began in 1960, with the support of the Polar 

Continental Shelf Project (Pelletier, 1962). Since that time, 

several reports on the bottom sediments and fauna have been made 
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(Wagner, 1962, 1964; Horn, 1963; Marlowe and Vilks, 1963; 

Vilks, 1964; Marlowe, 1964). 

Geological Setting 

The Prince Gustaf Adolf Sea area lies within the Sverdrup 

Basin structural province (Thorsteinsson and Tozer, 1960), a site 

of sedimentation from Middle Pennsylvanian to early Tertiary time. 

Sedimentary rocks in this basin lie unconformably on deformed 

lower Paleozoic rocks of the Franklin Miogeosyncline (Figure 3), 

which are exposed south of the study area. 

The axis of the Sverdrup Basin trends northeastward. Beds 

contained in the basin become thinner toward the northwest and 

dip southeastward. Deposition in the basin continued through 

early Tertiary time, after which a period of erosion is presumed 

to have followed (Tozer, 1960, p. 15). During this time of uplift, 

it has been postulated (Fortier and Morley, 1956; Pelletier, 1964) 

that subaerial erosion produced the pattern which is reflected 

in the topography of the modern islands and channels. 

Gypsum piercement domes on Ellef Ringnes Island intrude 

strata as young as Lower Cretaceous (McLaren, 1963, p. 553), 

and owe their origin to tectonic movements which took place 

during the Tertiary period (Thorsteinsson and Tozer, 1960, p. 17). 

Rocks of the Sverdrup Basin are bounded on the northwest 

by sediments of the Arctic Coastal Plain, which underlies a small 

portion of Prince Gustaf Adolf Sea (Figure 3). This structural 

province is composed of late Tertiary or Pleistocene (Thornsteinsson 
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and Tozer, 1960, p. 3) sand of the Beaufort formation. 

Description of Formations Indicated by Numbers in Figure 3  

TERTIARY AND/OR PLEISTOCENE 

15 - Beaufort formation - Alluvial and deltaic sand, 
gravel and boulders; abundant fossil wood. 

CRETACEOUS AND TERTIARY 

14 - Eureka Sound formation - Non-marine sand, sandstone, 
siltstone, and silty shale. 

CRETACEOUS 

Upper Cretaceous 
13 - Kanguk formation - Grey marine shale. 

Lower or Upper Cretaceous 
12 - Hassel formation - Red and brown, non-marine 

sandstone and sand. 

Lower Cretaceous 
11 - Christopher formation - Marine shale, siltstone, 

and fine-grained sandstone. 

10 - Isachsen formation - White, yellow, and brown, non-
marine sandstone, grit, and conglomerate; coal; 
variably lithified. 

JURASSIC AND CRETACEOUS 

Upper Jurassic and Lower Cretaceous 
9 - Deer Bay formation - Black shale; minor sandstone 

and siltstone; marine. 

8 - Mould Bay formation - Grey, greenish grey, and brown 
marine sandstone and sand; grey shale with calcareous 
concretions. 

JURASSIC 

.7 - Jaeger formation - Sandstone. 

Lower, Middle, and (?) Upper Jurassic 
6 - Wilkie Point formation - Grey and green sand, dusky 

red sandstone; grey phosphatic nodules; on 
MacKenzie King and Borden Islands, lower part is 
grey marine shale. 

Lower Jurassic 
5 - Borden Island formation - Green and red sand and 

sandstone. 
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Fig. 3 	Generalized geology of the Prince Gustaf Adolf Sea area. 



-12 - 

TRIASSIC 

Upper Triassic 
4 - Heiberg formation - Marine and (?) non-marine, 

grey and brown sandstone. 

3 - Schei Point formation - Marine, grey, calcareous 
sandstone; limestone; sand. 

PENNSYLVANIAN AND/OR PERMIAN 

2 - Gypsum intrusions, with included limestone and 
volcanics. 

PERMIAN AND OLDER 

1 - Well lithified rocks of the Franklin Miogeosyncline. 

Outcropping rocks in the Prince Gustaf Adolf Sea area are 

mainly Cretaceous to Tertiary in age, although the southeastern 

half of Borden Island is made up of Triassic and Jurassic formations 

(Figure 3; Heywood, 1959; Tozer and Thorsteinsson, 1964, Map 

1142-A). The islands are characteristically low-lying and gently 

sloping toward their shorelines. Local areas of moderate relief 

occur where sandstone and other resistant formations crop out. 

In general, the central portions of the islands have greater local 

relief than the peripheral areas. 

Dominant lithologies of outcropping formations in the area 

of study are sand, sandstone, siltstone and shale (Tozer and 

Thorsteinsson, 1964, Map 1142-A). Minor lithologies are 

represented by diabase bodies, which occur at Deer Bay on Ellef 

Ringnes Island, and gypsum and limestone from the diapiric 

intrusions shown in Figure 3. Loose, erratic fragments of exotic 

lithologies occur in sizes varying up to boulders 3 feet in 

diameter in the sand of the Beaufort formation and on the surfaces 
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of other formations. The origin of these erratics has been 

attributed by Craig and Fyles (1960, p. 2) to ice-rafting during 

periods of submergence of the archipelago or to transportation 

in a regional ice sheet. Glenister and Thorsteinsson (1963, p. 573) 

suggest that the erratics of Lougheed Island, many of which are 

striated, owe their origin to ice-rafting. Thorsteinsson and 

Tozer (1964, p. 34-36) however, present evidence that the Beaufort 

formation erratics were originally brought into the area by glaciers. 

Water and Ice Movements  

Little is known of water movements in the area of study. 

During periods of open water, drift ice has been observed to move 

southeasterly down Danish and Maclean Straits. The direction of 

movement of pack ice is generally southward, from the Arctic Ocean 

down Prince Gustaf Adolf Sea and through Byam Martin Channel and 

Penny Strait (Figure 1). Only crude data are available on surface 

current velocities. In August, 1962, ice was observed to move 

through Danish Strait in a flat calm at a rate of 10 cm./sec. 

(0.2 knot). Oceanographic data by Collin (1961, p. 258) indicate 

a weak, southwesterly movement of subsurface waters in the vicinity 

of Ellef Ringnes Island. Prince Gustaf Adolf Sea is covered by 

ice during most of the year and is open locally only during short 

periods in the summer. A shore lead, however, develops early in 

the summer and is usually wide enough to allow the generation of 

breakers during periods of strong winds. Ice thicknesses in 

young ice of the area average about 8 feet during May and June. 

Ice is effective both as a beach-shaping agent and in trans- 
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porting sediment from the shore to sea. The pressure of pack ice 

upon the shore pushes unconsolidated materials into elongate 

ridges which trend parallel to the shoreline. Loose beach 

materials may become frozen into the shore ice and, when the ice 

drifts away, removed from the beach. Large accumulations of sand 

to boulder-size fragments were observed on the ice of Prince Gustaf 

Adolf Sea at a distance of more than 45 km (25 miles) from shore 

during the 1962 season; these occurrences provide an indication 

of the texture and volume of sediment which can be transported away 

from shore by ice. 

Tides measured at Isachsen have a mean range of one foot 

(Anon., 1965, p. 220). With such a small range of tide, tidal 

currents are significant only in large bays with restricted inlets, 

and hence have little effect on the marine sediments of the study 

area. 

Collection of Samples  

Bottom samples were collected along lines running between 

islands and roughly normal to the bottom topography, at intervals 

of 10 to 15 miles (Figure 4). This pattern was designed to provide 

reconnaissance information on the bottom sediments and to bring 

out major lateral variations in sediment type. In order to study 

the provenance of locally derived, marine sediment, outcrops and 

major streams on the eastern islands were sampled. Samples were 

collected during the field seasons of 1962 and 1963. 

Operations over the sea ice were carried out by two-man 
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parties in Sikorsky S-55 helicopters. Because of the payload 

capacity of this aircraft it was necessary to use a light, 

collapsible sampling rig. During the 1962 season, a Phleger-

pattern, gravity corer was used to obtain core samples three 

feet and less in length. This corer was lowered and retrieved 

through auger holes in the ice by means of a portable, gasoline 

engine-powered winch. It was not felt that samples collected in 

this fashion were satisfactory and in the 1963 season a 125-pound 

piston corer was used in place of the gravity corer. As the 

piston corer required a larger opening in the ice, field work 

was delayed until early June, when meltwater holes and cracks 

had developed to an advanced stage. Poor weather conditions and 

mechanical failures seriously curtailed sampling operations in 

1963 and the sea bottom program was abandoned when approximately 

50 percent completed. No stream or outcrop samples were obtained 

from the islands on the west side of Prince Gustaf Adolf Sea. 

The locations of sample stations were fixed by a Decca 

Navigator positioning system. Field sounding sheets furnished 

by R. M. Eaton, of the Canadian Hydrographic Service, were used 

as base charts from which the locations of sample stations were 

selected. 
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BOTTOM TOPOGRAPHY 

General Statement  

The submarine topography of the Prince Gustaf Adolf Sea area 

is characterized by elongated depressions separated by an irregular 

bottom of moderate depth. Depths increase generally in a northward 

direction, toward the Arctic Ocean (Figure 4). Islands of the area 

rise abruptly from the sea floor and the island shelves surrounding 

them are distinctive topographic features. Depths over most of the 

bottom range between 300 and 500 metres. Pelletier (1962, 1964) 

and Horn (1963) have related submarine topographic patterns in 

parts of the western Queen Elizabeth Islands to ancient drainage 

systems. Their conclusions are based upon a hypothesis set forth 

by Fortier and Morley (1956). Conclusions derived from the 

present study support conclusions of all the above authors. 

Descriptions and interpretations of the submarine topography 

of the study area are based on sounding charts prepared by the 

Canadian Hydrographic Service (Eaton, 1962). Depths on these 

charts were obtained from spot soundings which are spaced an 

average distance of 7.5 km. (4 nautical miles) apart. No contin-

uous-profile bottom soundings of the area are available, and 

therefore only major topographic features are defined. 

Description of Bottom Topography 

For the purposes of this report, the floor of Prince Gustaf 

Adolf Sea and adjoining marine areas has been separated into 

physiographic divisions on the basis of contoured bottom 
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soundings (Figures 4 and 5). These divisions are topographically 

distinct and were made to facilitate discussion of the area 

under study. The divisions are named as follows (Figure 5): 

Danish Strait Valley; Lougheed Island Ridge; Lougheed Island 

Basin; Desbarats Strait Trough; Cameron Island Ridge; Berkeley 

Trough; Grinnell Ridge; and the island shelves and island slopes. 

Danish Strait Valley lies off the west coast of Ellef Ringnes 

Island and extends from King Christian Island to the Arctic Ocean. 

The valley heads in Danish Strait, between King Christian and 

Ellef Ringnes Islands. The east side of the valley is formed by 

the relatively steep shoreface of Ellef Ringnes Island, while its 

west side is bounded by a sea floor of much lower relief (Figure 9), 

Profiles A, B, C, and D). The valley, as defined by the 450-metre 

contour, is approximately 148 km.(80 miles) long and 28 km. (15 

miles) wide (Figure 4). The longitudinal profile of the valley 

is undulating and has low relief (Figure 6, Profile H). An 

enclosed basin Hes near the head of the valley, where depths of 

more than 600 metres occur. Tributaries of this valley extend 

into Deer Bay and between Thor Island and Noice Peninsula (Figure 4). 

Horn (1963) describes submarine valleys in the channels between 

Axel Heiberg and Ellef Ringnes Islands (Figure 1) which exhibit 

geomorphological features similar to those of Danish Strait Valley. 

The sea floor west of Danish Strait has low relief and an 

uneven surface. Lougheed Island Ridge, which has a transverse 

relief of almost 50 metres at its northern end, lies along the 

west side of the valley and has a trend which is parallel to that 
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of the valley axis. As defined by the 450-metre contour 

(Figure 4), this ridge is approximately 28 km. (15 miles) wide. 

Inside the 400-metre contour, the ridge reflects the shape of 

the present shoreline of Lougheed Island and has a gradient of 

1/100. The bottom between Lougheed Island Ridge and Borden 

Island appears to be nearly flat off the northeast coast of 

Borden Island, but depths decrease to the south, giving this area 

a northerly slope of approximately 1 in 275. 

Wilkins Strait, between Borden and MacKenzie King Islands, 

is straight and has a relatively smooth bottom which slopes 

gently eastward into the part of Prince Gustaf Adlof Sea described 

above. Soundings described by Pelletier (1964, p. 13) show that a 

topographic sill exists at the western end of Wilkins Strait. 

West of Lougheed Island the bottom topography is more complex 

and consists of a large depression with associated high areas. 

This depression is referred to in this report as Lougheed Island 

Basin. The basin, as defined by the 400-metre contour, is 

elongated in a north/south direction but is irregular in shape 

on its east side. It is approximately 35 km. (19 miles) wide 

and 180 km. (97 miles) long. A shoal area 20 km. (11 miles) by 

25 km. (13.5 miles) in size occurs at the east side of the 

basin. This bank is surrounded by deeper bottom on all sides 

but is as shallow as 150 metres at its crest (Figure 4). A 

depression with a greatest measured depth of more than 500 metres 

lies adjacent to the southwest side of the bank, resulting in a 

local relief of 350 metres in 19 km. (10.3 miles), or an average 
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gradient of 1/54. A similar, but smaller, positive feature 

with a crest about 350 metres deep occurs northwest of and across 

the basin from this bank. The 350-metre contour around the basin 

extends into the north entrance of Byam Martin Channel. Above 

450 metres, contours are open at the east end of Hazen Strait; 

present soundings do not indicate whether the contour lines close 

upon themselves in that vicinity. A sill with no more than 10 to 

15 metres of relief separates the 400-metre contour of the basin 

from the 400-metre contour 25 km. (13.5 miles) to the north of 

the basin (Figure 4), and it appears possible that the two 

contours join off the northeast tip of MacKenzie King Island. 

The basin does not present, however, the striking linear form of 

Danish Strait Valley. Rather, it appears to be a closed depression 

with only limited communication with the Arctic Ocean. 

Slopes on the northwest side of Lougheed Island Basin are 

gentle, averaging 1/200 off East Bay, MacKenzie King Island. 

Contours in this area (Figure 4) are smooth and gradients appear 

to be fairly uniform. Along the east side of the basin gradients 

are steeper, ranging from 1/200 off Cape Ahnighito to 1/50 at the 

150-metre bank. Longitudinal profiles along the floor of the 

basin reflect uniform, gentle gradients toward the central, 

500-metre, contours (Figure 6, Profile F). Gradients at the 

mouth of Byam Martin Charinel are approximately 1/500 northward; 

off East Bay, they are 1/500 southward. 

In Desbarats Strait, between Lougheed and Cameron Islands 

(Figure 4), the bottom topography consists of a broad trough of 
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moderate depth and an associated ridge. These features are here 

referred to as Desbarats Trough and Cameron Island Ridge, 

respectively. The trough, as defined by the 170-metre contour, 

trends roughly north-northeast and is separated from the 200-metre 

contour around Lougheed Island Basin by a sill having a relief of 

no more than 15 metres over a distance of 12 km. (6.5 miles). A 

small basin with depths of nearly 300 metres occurs near the middle 

of the trough and it appears that, with more closely-spaced 

soundings, the 200-metre contour may extend continuously through 

Desbarats Strait. To the east, depths in the trough increase and 

exceed 600 metres northeast of Cameron Island. Cameron Island 

Ridge, defined by the 170-metre contour, is a submarine continua-

tion of the shape of the present shoreline of Cameron Island. It 

extends from the shoreline to a point 90 km. (48.6 miles) northwest, 

where an abrupt increase in gradient marks the east edge of 

Lougheed Island Basin. Depths over the axis of the ridge are 

200 metres or less. The average gradient down the axis is 1/450. 

Berkeley Trough is a large, linear depression with an east-

west trend which lies off the north coasts of the Berkeley Group 

of islands (Figure 4). Depths in this feature exceed 500 metres. 

As defined by the 375-metre contour, it is approximately 100 km. 

(54 miles) long and has an average width of 25 km. (13.5 miles). 

It is situated close to the coasts of the islands to the south 

of it and the slope of its south side is relatively steep (approxi-

mately 1/50). It is bounded on the north by a broad rise and 

gradients on that side are much gentler. Contour lines at the 

east end of the trough trend into the north entrance of Penny 
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Strait. Relations between the west end of the Berkeley Trough 

and the east end of Desbarats Strait Trough are unclear on the 

basis of sounding information presently available. Widely 

separated soundings in the 400 to 500-metre range are located off 

the northwest coast of Helena Island. It therefore appears 

probable that a large, deep basin exists in that area. This 

inferred basin does not appear to be directly connected with 

Berkeley Trough, but is separated from it by a 15 km. (8.1 miles)-

wide sill with a relief of as much as 350 metres. It does appear 

probable that the basin is a direct continuation of Desbarats 

Strait Trough, however, on the basis of contour lines shown in 

Figure 4. 

Grinnell Ridge, defined by the 350-metre curve, occupies most 

of the area bounded on the north by Ellef Ringnes and King Christian 

Islands and Maclean Strait, on the west by Lougheed Island, and on 

the south by Bathurst and the Berkeley Group of islands. It is a 

broad, positive feature with a north-south extent of 65 km. 

(35 miles). It is approximately 100 km. (54 miles) long from its 

western edge to the eastern limit of the present study; soundings 

to the east of this line indicate that the ridge is a submarine 

extension of the Grinnell Peninsula of Devon Island. Submarine 

extensions of Amund Ringnes and Cornwall Islands merge with 

Grinnell Ridge in that vicinity (Figure 4; Eaton, 1962). Depths 

over the crest of Grinnell Ridge are less than 100 metres. 

Gradients down its north and south flank range from 1/85 to 1/100, 

being steepest on the south. Gradients down the axis of the ridge, 

toward the northwest, average 1/800. Th9 longitudinal profile of 
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the ridge is slightly convex (Figure 6, Profile G). 

A characteristic of the bottom adjacent to islands in the 

study area is a relatively steep slope with a more or less abrupt 

break at 200 to 300 metres. This slope is referred to in this 

report as the island slope. Off Noice Peninsula and northeast 

Borden Island the island slope is 5 to 8 km. (2.7 to 4.3 miles) 

wide and has a maximum gradient of 1/13. Island slopes of similar 

steepness occur around the east coast of Lougheed Island and the 

west and south coasts of King Christian Island. Off Cape Norem, 

Borden Island, the island slope has a gentler gradient, sloping 

1 in 80 over a distance of 25 km. (13.5 miles). The coast of 

Ellef Ringnes Island from Deer Bay to Cape Isachsen has a similar 

island slope (Figure 6, Profiles C, D, E) with gradients of 1/65 

to 1/80 over distances of 18 to 20 km. (9.7 to 10.8 miles). Along 

the east coast of MacKenzie King Island the island slope averages 

10 km. (5.4 miles) in width and has an average gradient of 1/33. 

Its profile is concave in its upper portion (Figure 6, Profile A). 

The island slope on the west side of Lougheed Island is irregular, 

varies in its width and gradient, and merges imperceptibly with 

the upper slopes of Lougheed Island Basin. Southern Lougheed 

Island has no island slope; instead, the increase in bottom 

gradient follows along the west side of Cameron Island Ridge. 

Interpretation of Bottom Topography  

Soundings to the north of the area under study show that the 

edge of the continental shelf lies nearly 200 km. (108 miles) 

northwest of Prince Gustaf Adolf Sea at a depth of 600 to 700 metres 
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(Eaton, 1962). The study area therefore lies well inside the 

geological boundary of the North American continent. Water depths 

over much of the Canadian Arctic Archipelago are greatly in excess 

of those normally found over continental shelves (Shepard, 1963, 

p. 206-261) and, because of this and other lines of evidence, the 

region is considered to be a drowned continental terrain which 

formerly was exposed to subaerial, rather than submarine, processes 

(Fortier and Morley, 1956; Craig and Fyles, 1960; Pelletier, 1962, 

1964). 

Fortier and Morley (1956, p. 7-11) speculated that the present 

physiographic configuration of the Arctic Archipelago was a result 

of erosion by a network of rivers which formerly drained a 

continuous land mass, and related present inter-island channels to 

ancient stream valleys. Their reconstruction of this subaerial 

drainage pattern showed, in the Prince Gustaf Adolf Sea area, a 

dendritic system of streams which flowed from the various high areas 

in the sea northward to the Arctic Ocean. They further presented 

supporting evidence which indicated a Tertiary age for the drainage 

system. At the time when Fortier and Morley wrote their paper, 

no soundings in the Prince Gustaf Adolf Sea area were available; 

it is worthy of note that subsequent data based on recent soundings 

suggest only minor changes to their inferred drainage pattern. 

In an initial report on marine geological activities of the 

Polar Continental Shelf Project, Pelletier (1962, p. 6) suggested, 

on the basis of bottom profiles drawn from soundings, that glaciation 

had modified the shapes of some of the ancient stream valleys 
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postulated by Fortier and Morley. Horn (1963), in discussing 

the submarine physiography of Peary and Sverdrup Channels, east 

of Ellef Ringnes Island (Figure 1), concluded that ice scour has 

played an important role in the development of bottom topography 

in that area. From the physiography of the area, he inferred 

the probable paths followed by glaciers as they moved along the 

channels to the Arctic Ocean (Horn, 1963, Figure 1). 

Danish Strait Valley in Prince Gustaf Adolf Sea has many of 

the morphological characteristics which Horn interprets as indicating 

physiographic modification by glacial action. Its longitudinal 

profile is undulant; it contains isolated deeps which may be 

equivalent to the paternoster lake basins of valley glaciers; 

and its eastern wall is relatively steep. It appears that Danish 

Strait Valley may owe its present form to glaciation. Such 

glaciation must have occurred during a time of lower sea level. 

Pelletier (1962) pointed out a sharp break in the slope of the 

bottom at a depth of 400 metres over a submarine ridge north of 

Cape Isachsen, and inferred that the ridge is a drowned headland. 

A similar change of gradient at 330 metres occurs on Lougheed 

Island Ridge, at the lower edge of the island slope. Breaks in 

slope at the same depth range can be seen at the foot of the 

island slope around the west coast of King Christian Island and 

off Cape Norem, Borden Island (Figure 4). These features are 

interpreted as drowned shorefaces (Price, 1954, 1955) and are 

believed to indicate a relative rise in sea level of 300 metres. 

If the breaks in gradient represent a long stand of an ancient 

sea level, it can be inferred that much of the bottom of the 
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Prince Gustaf Adolf Sea area was emergent and subject to subaerial 

erosional processes. 

Grinnell Ridge appears to be a submerged, ancient drainage 

divide. Depths of less than 100 metres in the vicinity of Grinnell 

Peninsula and Cornwall Island (Eaton, 1962) indicate that the 

direction of drainage was westward from that area, along the north 

flank of Grinnel Ridge, and into Danish Strait Valley. Contours 

on the north side of Grinnel Ridge suggest the presence of north-

ward-trending tributary valleys (Figure 4). There is no physio-

graphic indication of subsequent glaciation in this area. 

Berkeley Trough has morphological characteristics which 

suggest that glacial scour has influenced its shape. It has an 

undulant longitudinal profile, and is relatively steep-walled on 

its south side, and the deep basins along its axis are decidedly 

elongated. Such features are commonly found in valleys which have 

been scoured by glaciers. The most likely direction of movement 

of glacial ice in Berkeley Trough would be from a source in Penny 

Strait, where there is an ancient drainage divide (Canadian 

Hydrographic Service, Chart 7095; Fortier and Morley, 1956, 

Figure 3), westward along the trough and then northward, along 

the east coast of Lougheed Island, to Danish Strait Valley. The 

west flank of Grinnell Ridge, adjacent to Lougheed Island, does 

not have the aspect of a glaciated valley. The bottom in this 

area has a very low relief and there is no continuation of the 

features in Grinnell Trough which suggest glaciation. As this 

area is more than 100 km. (54 miles) in length, it is to be 
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expected that significant movement of glacial ice along it would 

result in a more rugged terrain than that described by the 

contours in Figure 4. If such erosion did occur, it appears that 

post-glacial modification of the areal topography has taken place. 

A second factor which may be significant to the origin of 

Berkeley Trough is the proximity of the trough to tilted Paleozoic 

rocks in the Berkeley Islands, immediately to the south. The 

contact between Mesozoic and younger rocks of the Sverdrup Basin 

and the older, more deformed rocks of the Franklin Miogeosyncline 

lies offshore and somewhere in the vicinity of Berkeley Trough 

(Figure 3). Although the regional strike of rocks in the Berkeley 

Group and Bathurst Island is northeast-southwest (Fortier, et al., 

1963, Map 1130A), the possibility of the development of deep basins 

with an east-west trend as a result of tectonic processes must be 

considered. 

Lougheed Island Basin has on its flanks a complex topography 

which suggests subaerial erosion. The isolated bank off the west 

coast of Lougheed Island rises abruptly from the basinal topography 

which nearly surrounds it and appears to be a residual highland 

formed by degradation of the associated low areas. A valley heads 

on the northeast side of this bank and trends northwestward to the 

deepest part of the basin. Similar valleys lie along the island 

slope from Cape Ahnighito to Cameron Island Ridge and off Cape 

Norem (Figure 4). These valleys trend into the main axis of the 

basin and are interpreted as drowned valleys which were originally 

formed as subaerial features. There is no clear evidence in 
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these features of erosion by ice; however, it is likely that 

the basin area did undergo some glacial modification in view of 

its proximity to the probable glacial valleys around Ellef Ringnes 

Island. 

Desbarats Trough appears to be a low pass in a drainage divide 

which connects Lougheed 'Island and Cameron Island. Valley heads 

on the east and west sides of Cameron Island Ridge indicate that 

the ridge was a source .of drainage at one time. Drainage from the 

ridge would flow down the island slope on the west and into 

Lougheed Island Basin, as .well as into Desbarats Trough on the 

north. From Desbarats Trough gradients probably trend both east 

and west. 
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SEDIMENTS 

General Statement  

Sedimentary parameters in Prince Gustaf Adolf Sea suggest that 

the area has undergone a relative rise in sea level since the 

deposition of the lowest beds sampled. Bottom sediment is 

characteristically fine-grained and is predominantly clay and 

clay mud, with sand in excess of 25% occurring only on topographic-

ally high areas and near land. There is a general increase of 

grain size with depth below the bottom, which suggests that current 

velocities have decreased since the deposition of the lower beds. 

Sandy lithologies occur farther from shore in sub-bottom samples 

than they do in bottom samples; similarly, kyanite, which is found 

only within a short distance of shore in bottom sediments, occurs 

farther from shore in sub-bottom samples. These characteristics 

imply a landward migration of a near-shore, sandy facies with a 

rise of sea level. 

Fine-grained sediment is not present on Grinnell Ridge and 

Cameron Island Ridge, probably because of the scouring action of 

currents moving over these topographically positive features. 

Textural and mineralogical data from Grinnell Ridge suggest that 

parts of this area are closely underlain by bedrock formations 

which occur on nearby Ellef Ringnes Island. Other mineralogical 

evidence suggests the occurrence of submarine outcrops elsewhere 

in the study area. 

A dominant feature of the sediments of Prince Gustaf Adolf Sea 
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is a layer of yellow-brown mud which, with a single exception, forms 

the upper part of all cores studied. The colour of this layer is 

due to the presence of oxidized iron, most of which occurs in 

aggregates after pyrite. Unoxidized pyrite is abundant in the 

beds below the yellow-brown layer. Although the beds underlying 

the yellow-brown layer are barren of microfauna, the yellow-brown 

layer itself contains a moderately abundant foraminiferal fauna. 

This fauna is found in abundance in the open Arctic Ocean and its 

absence below the yellow-brown layer in cores from Prince Gustaf 

Adolf Sea implies that circulation of ocean water through Prince 

Gustaf Adolf Sea did not prevail before the yellow-brown layer 

was deposited. It follows that the change from a reducing 

environment, in which pyrite was stable, to ;an oxidizing environ-

ment, in which pyrite is unstable, may have been caused by the 

incursion of ocean water attendant to a rising sea level. 

Methods of Study 

Core samples were protected from freezing, where this was 

possible, and stored in their plastic collecting tubes until 

brought into the laboratory for study. In the laboratory, the 

core tubes were split longitudinally and the cores were logged 

with the aid of a 25X binocular microscope. The split cores 

were then wrapped with Saran sheet plastic to prevent drying. 

One half of each core was preserved and the other was used to 

provide samples for processing. The upper 4 am. of all cores 

were sampled and additional, 4-cm long samples were taken 

wherever the core logs indicated a change in sedimentary condi- 



tions. Samples were wet-sieved while still in a plastic state 

and the sand grains were separated into size classes at whole 

Phi WO intervals. Grains of less than 62 microns in size were 

separated by the pipette method (Twenhofel and Tyler, 1941, p. 50-

55) into whole Phi sizes as small as 90. 

Sand-size sediments were separated into heavy and light 

mineralogical fractions by the heavy-liquid method described by 

Krumbein and Pettijohn (1938, p. 335), using bromoform (sp. g. 

2.87) as a medium. Heavy mineral fractions were mounted in Canada 

balsam and covered; light fractions were mounted on uncovered 

glass slides for staining. Quartz and feldspars were determined 

by staining according to methods described by Hayes and Klugman 

(1959). Heavy abundances were determined by counting all visible 

grains in successive fields of view until a total of 300 grains 

for each slide was registered on a laboratory counter. Relative 

abundances of light minerals were estimated using comparison 

charts prepared by Terry and Chilingar (1955). Mud slides were 

prepared by allowing mud to settle from suspension onto glass 

slides; these slides were then studied by means of a high-power 

petrographic microscope. 

Samples for X-ray analysis of mud grains were prepared by 

sedimentation on glass slides. All X-ray samples were subjected 

to Cu Ka radiation in a Philips Model 12045 diffraction unit with 

a 1° aperture. Each sample was bombarded through an angle of 60° 

at a rate of 1°20 per minute. 

Snapper samples and scoop samples were split in a Jones 
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sample splitter and separated into textural and compositional 

fractions according to standard sedimentological procedures. 

All samples, with the exception of those which were dry when 

collected, were wet-sieved. Thin-section mounts were made from 

well-lithified bedrock samples for study with the petrographic 

microscope. 

Texture and Structure 

Bottom sediments in the Prince Gustaf Adolf Sea area are 

mud, sand, and mixtures of mud and sand. Small quantities of 

pebbles are scattered as isolated grains throughout the finer 

materials. The general distribution of bottom sediment textural 

types is shown in Figure 7, in which mud-size sediment has been 

arbitrarily classified according to its silt and clay content 

into mud, clay mud, and clay. These subclassifications are 

intended to bring out fine variations in predominant textural 

types. It is evident in Figure 7 that the greater part of the 

study area is covered with clay and clay mud. There is in 

general an inverse relationship between depth of water and grain 

size. Sand in small proportions occurs mixed with the finer-

grained sediments in the relatively shallow zones around islands 

and on the island slope of Cameron Island Ridge and sand is the 

predominant textural class on the crest of Grinnell Ridge. Large 

areas of clay occupy the deeper parts of Lougheed Island Basin, 

Berkeley Trough, and Danish Strait Valley; however, an equally 

large area of clay lies across Danish Strait Valley and Lougheed 

Island Ridge in the northern part of Prince Gustaf Adolf Sea, 
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with no apparent relationship to topography. 

Sediment is coarsest over Grinnell Ridge and off Cape 

Ahnighito and, in both of these cases, there is a gradual 

increase in mud content toward greater depths. In Figure 7, 

the greatest depths of the area contain the finest-grained 

textural types. Textural classes of intermediate grain sizes 

occupy intermediate depths of low relief. Although there is a 

general relationship between distance from land and grain size 

which more or less concurs with the relationship between depth 

of water and grain size already discussed, it can be seen from 

a contoured plot of median grain sizes (Figure 8) that major 

exceptions to this generality exist. Sandy sediment on Cameron 

Island Ridge occurs at a distance of 55 km. (30 miles) from land; 

similarly, sand on Grinnell Ridge occurs in the centre of a sea 

area. Both of these lithotypes are located on topographic highs 

and there can be little doubt in these cases that grain size is 

more closely related to topography than to distance from shore. 

Textural characteristics are plotted against bottom profiles 

in Figures 9 and 10. In nearly all of these profiles, there is 

a gradual decrease of grain size toward deeper water. Profiles 

HH° and II° (Figure 10) are drawn across Grinnell Ridge and show 

clearly how the proportional contents of silt and clay increase 

with depth of water over the ridge. Profiles AA° and EE6' 

(Figure 9), drawn between Noice Peninsula and Cape Norem and 

along the axis of Lougheed Island Ridge, respectively, also show 

an increase in clay content as the expense of sand with increasing 
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water depth. Grain size analyses from individual samples on 

these profiles (Figure 11) show that there is in general a 

decrease in median size of silt with increasing depth, as well 

as a decrease in relative abundance of the coarser silt grades. 

The relative abundance of clay and finer silt grades increases 

with depth of water. It is an accepted sedimentological working 

hypothesis that sediment texture reflects the energy of the 

depositing medium, and that there is in general a direct relation 

between size of grain in a sediment and current velocity in a 

sedimentary environment (e.g. Hjulstrom, 1938; Pettijohn, 1957, 

p. 588-598). It therefore can be said that most bottom samples 

in the Prince Gustaf Adolf Sea area indicate that sediment on 

topographically high areas represents an environment of higher 

energy level than does sediment in relatively low areas. A 

notable exception to this generalization is Sample 23 (Figure 4), 

in Danish Strait Valley off Noice Peninsula, which contains 53 

percent sand. 

Owing to the high percentages of clay-size grains in the 

sediments of the area of study, it is not feasible to present 

a complete statistical description of sediment textural parameters. 

Pipette analyses were carried out to give standard grain size class 

percentages by weight to 90, or the coarse clay class. Grains 

smaller than 80 are therefore considered as the total clay-size 

fraction. Sorting values cannot be computed for most of the 

samples, as size-distribution curves do not extend as far as one 

Phi standard deviation interval smaller than the median, or even 

as far as the 75 percentile, for most samples. It was necessary 



CUMULATIVE PERCENT 

100 	1 

3 	5 	6 	"17 	8 

PROFILE AA' 

- 75 - 

- 50 - 

- 25 - 

0 

CUMULATIVE PERCENT 

3 4 5 6 

PROFILE EE' 

13 

2 3 4 5 6 7 8 90 -I 	0 	I 	
PROFILE le 

3 4 5 6 

PROFILE HH' 
-I 	0 	1 

Fig. 11 	Grain size distribution curves from samples on selected profiles from Figs. 9 and 10, 



-42- 

to extrapolate curves in some instances to provide median grain 

size values,. Textural data as presented in Appendix B are 

therefore given as weight percent contents of sand, silt, and 

clay, Phi median diameter (0Md), and Op16 (the grain size at 

one standard deviation interval larger than the median). The 

latter parameter is included to provide some indication of sorting 

as shown by distributions at the coarse end of the size scale. 

Oxidized Sediments  

With one exception (Core 360  from Danish Strait), the upper 

parts of all cores taken in the area of study are composed of 

sediment of various shades of yellowish brown. The contrast in 

colour between these upper portions and the medium-to-dark grey 

sediments underlying them is the most apparent characteristic of 

the cores described in this study. Similar yellow- to red-brown 

veneers on sea-bottom sediments in northern latitudes are reported 

by Horn (1963, p. 8), Leslie (1963, ph 11), and Belov and Lapina, 

(1958). Contacts between the two colour zones are sharp, although 

interlaminations of sediment of both colours can usually be 

detected. Bedding in the yellow-brown, near-surface layer is 

rare and is generally seen only as laminations in the lower few 

centimeters. Also characteristic of the yellow-brown layer is 

the presence of a moderately abundant benthonic faunal assemblage. 

This faunal assemblage is totally absent in the darker-coloured, 

underlying layers, in which bedding structures are common. This 

association suggests that the lower beds were deposited in an 

environment which did not support an abundant benthonic fauna and 
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that such a fauna was present during the deposition of the upper, 

yellow-brown beds. Burrowing and feeding activity on the part of 

the fauna probably is responsible for the homogeneous nature of 

the upper layer. 

The colour transition described above is widespread over the 

entire study area and is considered to be indicative of a major 

change in sedimentary conditions, Evidence from two cores (63 and 

71, Appendix A) shows that, while darker-coloured sediment was 

being deposited at some localities, light-coloured sediment was 

being deposited elsewhere. Yellow-brown clay pebbles in a dark 

grey matrix occur in Core 63, and a 22 cu-thick, brown sand bed 

is overlain and underlain by grey mud in Core 71. Although contacts 

between the two colour types are sharp in gross aspect in most 

cores, fine interlaminations of dark grey and yellow-brown mud 

in the contact zone indicate that conditions responsible for the 

colour change were related to source or environment of deposition, 

and not to post-depositional processes. The yellow-brown colour 

of mud in these sediments is considered to be due to the presence 

of oxidized iron minerals. Evidence to support this statement is 

presented later in this report. The yellow-brown layer therefore 

is probably the product of an oxidizing environment. 

Thickness of the upper, yellow-brown sediment layer varies 

between 6 and 54 am. over the study area (Figure 12). Thickness 

appears to have little relation to either bottom topography or 

sediment texture (Figures 4 and 7). Some areas of accumulation 

in excess of 15 cm. are located close to islands (e.g. in Figure 

12, the areas off Cape Norem and Deer Bay) and therefore may be 
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related to sediment sources on land. Similar and greater 

thicknesses, however, occur in Lougheed Island Basin and in 

eastern Desbarats Strait, Areas of least thickness lie along 

the southwest side of Danish Strait Valley and the east side of 

Lougheed Island, across part of Grinnell Ridge, and at the north 

end of the sea between Borden Island and Ellef Ringnes Island. 

It is not feasible to relate the variation in thickness of 

the yellow-brown layer to rate of sediment accumulation, as there 

is no means of age correlation between contacts in different 

cores. However, the thickness of the layer can be considered as 

an index of the relative effectiveness of the oxidizing environ-

ment in which the sediment comprising the layer was probably formed. 

The thickness of the layer at a given point is the result of inter-

acting factors of sediment supply, nearness to source, and the 

hydraulic conditions at the site of deposition. The net accumu-

lation, however, reflects the total effectiveness of the oxidizing 

environment at that point. Figure 12 indicates that the oxidiing 

environment has been less effective in the eastern half of the 

study area than it has in the western half. Eastern Desbarats 

Strait, however, has the greatest thickness of the yellow-brown 

layer. The full significance of the pattern in Figure 12 is not 

apparent at this time. However, it is postulated that, as 

effectiveness of oxidation is apparently not related to any single 

sedimentary parameter, the pattern reflects amount of sediment 

accumulation modified by oceanographic factors. It appears 

possible that oxidizing conditions have prevailed in western 
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Prince Gustaf Adolf Sea for a.longer period of time than they 

have in the eastern part of the area. Thickness variations in 

the Berkeley Trough - Desbarats Strait area suggest that oxygena-

tion, and hence water movement, has been more effective in the 

vicinity of Byam Martin Channel than it has in the vicinity of 

Penny Strait. 

Layers of iron oxide-stained sediment occur in several cores*  

These layers are coloured in shades of orange-brown and are 

considered to owe their colour to the presence of abundant 

limonitic minerals. These minerals are very fine-grained and 

generally occur as coatings on sand grains. Sediments containing 

such minerals reflect the influence of strongly oxidizing condi-

tions. Core 10, from a depth of 214 metres in Deer Bay, contains 

a 3 cm-thick layer of iron oxide-stained sand at 20 amti below the 

present bottom (Appendix A). Core 73, from a depth of 186 metres 

in East Bay, has a 3 am-thick layer of laminated, iron oxide-

stained mud at 10 cm. Both of these gores are from localities 

which would be influenced by subaerial weathering during a stand 

of sea level 180 to 200 metres lower than present sea level; 

even if they did not actually become emergent, it is probable 

that these areas would receive subaerially-oxidized sediments 

from enclosing, shallower areas. Core 62, from a depth of 151 

metres off Cape Noreen, contains a 1 cm-thick layer of muddy sand 

which is heavily stained by iron oxide (Appendix A). Fibrous 

casts in the limonitic matrix resemble the fragments of mossy 

plants which are commonly found in very shallow water off the 

present coasts of the area Horn (1963, p. 9) reports reddish►  
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yellow oxidized layers containing plant remains from depths of 

less than 190 metres in the Peary Channel area. He describes 

these layers as soils and infers that the stations from which they 

were collected were formerly exposed to subaerial weathering condi-

tions. No soil layers were observed in the cores from the Prince 

Gustaf Adolf Sea area; however, the iron-stained deposits described 

above occur in depths similar to those described by Horn and may 

be a result of sedimentation in a very nearshore, if not subaerial, 

environment. 

Cores 65 and 68 were taken in depths of more than 300 metres 

from stations in Wilkins Strait and 35 km. (19 miles) east of 

Wilkins Strait, respectively. Both of these cores contain layers 

of moderately well-sorted sand with limonitic grain coatings at 

the base of the upper, yellow-brown, mud layer. Core 34, from 

362 metres in Maclean Strait, contains a 1 cm-thick layer of iron 

oxide-stained muddy sand at the top of a bed of grey, muddy sand 

(Appendix A). Grain packing fabrics in all three of these sand 

layers suggest sorting and deposition by water currents. The 

zonal nature of the oxidized layer in Core 34, in particular, 

indicates that it is the oxidized top of a muddy sand bed which 

was deposited in its entirety under fairly constant hydraulic 

conditions. It appears that either deposition from a nearby 

subaerial sediment source or erosion in a subaerial environment 

is responsible for the oxidized layer at the top of this bed. 
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Beds Below the Oxidized Layer 

Below the yellow-brown layer there is a general trend to 

coarser lithologies. These textural changes do not usually 

coincide with the change in colour to shades of grey (Figure 13)p 

although in some cores (e.g. Cores 30, 32, 46, 64 and 76) litho-

logic zone contacts and colour zone contacts occur on the same 

horizon. Correlation between beds below the present sea bottom 

is not feasible on the basis of the evidence presented here. Cores 

from over the entire area of study, however, contain textural 

variations which indicate a general lowering of hydraulic energy 

levels with time. Energy levels now are lower than they have been 

since the deposition of the deepest beds sampled in nearly all 

cores, regardless of the topographic location of the cores. Such 

a change in energy level is compatible with the idea of steadily 

increasing water depth which was discussed previously (p. 17, this 

report). Seven cores have slightly coarser lithologies at their 

tops than they do at lower levels. These are Cores 8, 9, and 41, 

which are located near shore, Core 430  from Grinnell Ridge, and 

Cores 70, 74, and 78, from the east side of Lougheed Island Basin 

(Figure 4). 

Bedding structures are common in the beds below the yellow-

brown layer and are present as laminations in many cores. Cores 

52 and 78 (Appendix A) contain 1 to 4 cm thick, interbedded layers 

of brown and grey sediment. Cores 18, 65, 74, 76, 77, 78 and 80 

contain cyclic laminae of colour-banded clay mud and clay 

(Figure 13) in their lower parts. This type of bedding is most 
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marked in cores from Lougheed Island Basin (Cores 74, 76, 77, 78 

and 80). -  Nearly 1.5 metres of cyclical sedimentation is recorded 

in Core 74 (Appendix A), in which individual cycles range from 

2 mm. to 2 cm. in thickness. The most common sequence is a gradual 

upward transition from dark grey to light grey muds  followed by a 

sharply defined contact with the base of the next dark mud bed. 

There is no clear relation of colour to texture in the cycle. In 

Core 76, the darker layers are slightly coarser than the lighter 

layers (as determined by binocular microscopic examination), while 

there is no apparent size variation between layers in other cores 

containing the cyclical beds*  These beds are similar in their 

cyclical aspect to seasonally deposited, glacial lake varves and 

it is suggested that they had a similar origin. The topography 

of Lougheed Island Basin is such that it would be partially res-

tricted from the open ocean at a lower stand of sea level* If 

sea level were lowered as much as 300 metres, as it has been 

suggested elsewhere (Pelletier, 1962, Horn, 1963), the basin area 

would contain a large water body with only limited communication 

with the Arctic Ocean. Evidence presented by Craig and Fyles 

(1960, pa 1) and Pelletier (1964) points to the former existence 

of ice caps over the western Queen Elizabeth Islands, Seasonal 

deposition from an ice-dominated, terrestrial sediment source into 

a restricted water body with poor circulation could produce 

rhythmically banded sediment of the type cored from Lougheed 

Island Basin. Cyclical laminae in Cores 18 and 65 are extremely 

fine (1 - 5 mm thick) and no textural variation between layers 

is evident. Both of the latter cores are located near land and 
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in open topography, and it is suggested that their finer structure 

is a result of relatively slower sedimentation than that of 

Lougheed Island Basin. 

Pebbles and Consolidated Sediment  

Ten cores from the area contain significant amounts of pebbles. 

Four of the cores are located on Lougheed Island Ridge (Cores 5, 12, 

17 and 20, Figure 4); two are on the north edge of Grinnell Ridge 

(Cores 29 and 38, Figure 4); and one is on Cameron Island Ridge 

(Core 79, Figure 4). Two of the remaining three cores are in 

Lougheed Island Basin (Cores 71 and 77, Figure 4) and one is in 

Desbarats Trough. The locations of cores containing pebbles over 

Lougheed Island Ridge suggest that this feature has been subjected 

to higher energy conditions in the past. Similarly, traces of 

gravel around the flanks of Grinnell Ridge and Cameron Island 

Ridge imply higher energy levels in those areas. Although sorting 

is poor in all the above samples, well-imbricated grain fabrics 

indicate that most of the sandy, pebbly mud beds are water-laid 

and are not ice deposits. These beds probably represent conditions 

of sedimentation at a time of lower sea level, when the topographic 

highs in question were influenced by processes characteristic of 

shallow water. The pebbles in Cores 5 and 12, at the northern end 

of Lougheed Island Ridge, occur in otherwise fine-grained beds and 

may have been transported by ice rafting. Cores 71 and 77, in 

Lougheed Island Basin, contain pebbly, sandy mud in beds with 

random internal structures. These beds may be tills or poorly-

reworked glacial-marine deposits. 
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Pebbles in trace amounts occur in nearly all cores and are 

scattered randomly throughout other lithologies. These occurrences 

are considered to be the results of ice-rafting (transportation 

by floating ice). There is ample evidence from field observations 

that this process is effective in the area of study (p. 13, this 

report). Quantitative data suggesting that ice-rafting is an 

important sedimentary agent in high latitudes has been presented 

by Kranck (1964). Random occurrences of pebbles in the Prince 

Gustaf Adolf Sea area are therefore not considered to be indicative 

of hydraulic conditions. 

A sample of possible bedrock outcrop was cored from a water 

depth of 363 metres on Station 8, at a depth of 48 cm, below the 

bottom. The sample consisted of 8 cm. light grey shale and mud-

stone. Its firmness and near-horizontal fissility suggest that it 

was taken from bedrock rather than from a boulder or other detrital 

fragment. Overlying, grey sandy mud and clay beds may be disaggre-

gated portions of this rock. The sample is similar lithologically 

to rocks of the Deer Bay formation, which crop out on nearby Ellef 

Ringnes Island (Figure 3). Graphic standard deviation values 

(0p84 Qp16) are given for those few samples on which 0p84 measure-
2 

ments are available. 

Composition of Sediment  

Sand 

Sand grains from the Prince Gustaf Adolf Sea area are composed 

of quartz, feldspar, rock fragments, foraminiferal testst  and 
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accessory and trace minerals, with quartz being by far the most 

predominant component. Feldspar makes up less than 5 percent of 

all but a few samples. Rock fragments consist mainly of limestone 

and mudstone grains and rarely occur in concentrations of more than 

3 percent. Accessory minerals vary in their concentrations, being 

usually less than 1 percent of the total sediment by weight. Fora-

miniferal tests are considered separately (p. 75, this report). 

The sand fraction in general is therefore-quartz-rich and inmost 

samples is orthoquartzitic. 

Quartz grains from the samples are angular to well-rounded 

and have surface textures which are gOnerally either smooth or 

etched. Grains taken from submarine samples are similar in their 

morphologies to grains from stream and outcrop samples -on Ellef 

Ringnes, King Christian, and Lougheed Islands. Quartz from some 

bottom samples (e.g. Samples 12A, 39A, 48A and 53A4  Appendix C) 

are coated to various extents by oxidized iron minerals. These 

grains always occur in the yellow-brown layer and probably reflect 

the same oxidizing conditions as does the mud,size sediment in this 

layer. Many quartz grains from sub-bottom samples are partially 

coated with fragments of pyrite cement. . Such cement is common in 

the mudstone formations of Ellef Ringnes, King Christian, and 

Lougheed Islands and it is inferred that grains with pyrite cement 

which occur in submarine samples were derived from these and 

similar formations. 

There is no apparent orderly variation in the relative abun-

dances of feldspar types over the entire area of study, as determined 
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from a selection of 50 samples, and these abundances are not 

considered significant to this study. Sodic feldspar is subordinate 

to potash feldspar in all samples examined but two from Core 58, in 

Berkeley Trough. Sodic feldspar is the predominant type in this 

core and may reflect the influence of the Paleozoic rocks which 

crop out on the islands immediately south of that station. Feldspar 

grains are fragments of typical sanidine, microcline, and sodic 

plagioclase. They are suba.ngular to subround and no secondary 

enlargement of grains was noted. 

Limestone fragments occur in minor amounts over much of the 

study area; they reach concentrations greater than 1 percent of 

the total non-quartz and feldspar fraction in the western half of 

the area and as great as 65 percent in Lougheed Island Basin. These 

fragments are irregular in shape and are subround to round. They 

are composed of clastic calcareous grains in clear, sparry cement 

which frequently shows good cleavage faces. Core 71, from Lougheed 

Island Basin, has no limestone fragments in its upper 4 cm., which 

is clay; at 40 cm., in clay mud, traces of limestone fragments 

appear; at 55 cm., in muddy sand, limestone fragments amount to 

12 percent of the total non-quartz and feldspar fraction; and at 

85 cm., in sandy mud, 29 percent of that fraction is composed of 

limestone grains (Appendix C). Core 78, from Lougheed Island 

Basin, shows a fivefold increase in limestone fragment content 

from its top to 65 cm., with an accompanying lithologic change 

from clay mud to clay. The limestone content in Core 80, also in 

Lougheed Island Basin, decreases by a factor of 3 from the top of 

the core to 70 am., where it is composed of cloudy, iron oxide- 
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stained grains in association with abundant chlorite and mica 

(Appendix C). Core 680  from the north end of Lougheed Island 

Basin, contains limestone fragments in the amount of 71 percent 

of the non-quartz and feldspar fraction at a depth of 15 cm., in 

clay mud. It is apparent from these data that there has been a 

continuous supply of limestone detritus to the Lougheed Island 

Basin area during varying environmental conditions. Limestone 

is rare in the formations which crop out on the islands of the 

area and is found in abundance only in the Paleozoic rocks of the 

Franklin Geosyncline, to the south (Fortier, et al., 1963, Map 

1103A; Tozer and Thorsteinsson, 1964, Map 1142A; this report, 

Figure 3). The presence of limestone detritus can be explained 

as sediment transported from sources to the south by glacial ice 

during periods of lower sea level; it is difficult, however, to 

account for the local abundance of limestone fragments in the tops 

of cores. Because of unavoidable circumstances, stream samples 

were not collected from the coasts around Lougheed Island Basin 

and therefore it is not known whether limestone fragments are 

being delivered to the sea by streams iA the area. Limestone 

cobbles are common as erratic surface deposits on Lougheed Island 

and it appears that some of this material must eventually reach 

offshore areas as sand-size fragments. A more plausible explana- 

tion for the offshore sand may be that limestone beds crop out 

on the sea floor around Lougheed Island Basin and provide a small 

but continuous supply of detritus to surrounding areas. 

Mudstone fragments were found in sand samples throughout the 
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area of study (Appendix C). These grains are tabular and 

rounded, but frequently show fissile parting at broken edges. 

They are composed predominantly of clay-size sediment and have 

a waxy appearance under 60X magnification. Many mudstone grains 

contain finely disseminated pyrite and have a colour and lustre 

similar to those of pyrite; most of the grains, however, are 

brown to grey in.colour. Sand samples taken from streams draining 

parts of Ellef Ringnes, Xing Christian, and Lougheed Islands 

contain similar fragments, and it is considered' that the .mudstone 

fragments found in submarine samples originated in the mudstone 

and shale formations of the area 

Trace amounts of sandstone and igneous rock fragments were 

observed in a few samples (Appendix C). Exotic rocks, however, 

comprise a negligible proportion of the sand in samples taken for 

this study. 

Sand samples were separated into heavy and light mineral 

fractions by the bromoform method (p. 32). Heavy fractions of 

each sample were studied to determine any variations in composition. 

Sediment in the area of study was found to be characterized by a 

mature suite of heavy minerals which reflects the composition of 

heavy mineral suites in outcropping formations of the local 

islands. Opaque minerals are the most abundant species. 

The heavy minerals found most commonly in this study area 

ilmenitel  magnetite, garnet, zircon, tourmaline, rutile, kyanite„ 

staurolite„ pyrite, and oxidized opaque minerals. Oxidized opaque 

minerals include fragments of pyrite cement, pyrite concretions 
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and aggregates, and magnetite grains, all of which are coated 

or nearly coated with iron oxide minerals or other minerals which 

give the grains a "rusty" appearance. Only trace amounts of 

leucoxene were noted. Oxidized opaque minerals are the most 

abundant group and compose an average of 46.9% of the heavy 

mineral fraction of bottom samples in the area. Ilmenite and 

magnetite together comprise 19.6% of the heavy minerals. Garnet 

is found in all samples and has an average abundance for the 

area of 6.8% of the total heavy fraction. Tourmaline and rutile 

are also ubiquitous and have average abundances of 3.5% and 1.4%, 

respectively. Unoxidized pyrite has an areal average abundance 

of 3.2%; this mineral is locally very abundant, however, and at 

Stations 19, 20, 23, and 27, pyrite averages 73.4% of the heavy 

fraction. Zircon occurs in at least trace amounts in all bottom 

samples and has an average abundance for the area of 1.8%. 

Staurolite and kyanite are of local importance only and have 

average abundances at 18 stations in the Grinnell Ridge area of 

1.7% and 1.4%, respectively. A large variety of minor minerals 

occur in varying but small amounts throughout the area of study. 

These include augite, diopside, monazite, apatite, sphene, 

sillimanite, chlorite, hornblende (mostly "common", but some 

'basaltic"), hypersthene, epidote, olivine, glauconite, enstatite, 

tremolite, actinolite, gold, gypsum, zoisite, siderite; and 

andalusite. 

The common heavy minerals constitute a suite which is similar 

to heavy mineral suites from outcrops and stream beds on Ellef 
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Fig. 15 Heavy mineral compositions of stream and outcrop samples. Locations of samples 
are shown in Fig. 14. 
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Ringnes, King Christian, and Lougheed Islands. Outcrop samples 

from various formations of different age have similar heavy 

mineral assemblages (Figure 15). All of these samples contain a 

predominant, mature suite of minerals derived from metamorphic 

and acid igneous rocks and a minor suite of less stable minerals. 

Opaque minerals are least abundant over Grinnell Ridge and in 

this area garnet, zircon, kyanite and staurolite have their 

maximum abundances. Sub•-bottom samples in the area show similar 

relative abundances. The area of greatest concentration of these 

minerals (Figure 16) coincides with the contour pattern showing 

increasing median diameter over Grinnell Ridge (Figure 8). This 

association suggests that the abundances of garnet, zircon, kyanite 

and staurolite are related to median grain size of the sand in 

which they occur, and that abundance increases with grain size. 

In Figure 16, maximum abundances of these minerals occur in the 

area of maximum grain size at the crest of the ridge, and it 

appears that in that area such a relationship does exist. Else-

where on Grinnell Ridge, however, abundance of non-opaque minerals 

is not directly related to median grain diameter. Garnet in 

samples from Stations 43 and 48, for instance, is two to four 

times as abundant as garnet in samples from Stations 49 and 57 

(Appendix D), although the median grain diameters of the latter 

two samples are 4 to 5 Phi intervals larger than the median 

diameters of samples from Stations 43 and 48. Furthermore, 

sediment with size ranges similar to that on part of Grinnell 

Ridge occurs elsewhere in the study area and at those stations 

(e.g., 28, 40, and 64) relative abundances of non-opaque heavy 
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minerals are much less than those on Grinnell Ridge. 

The most probable explanation for the high abundances of 

garnet, hyanite, staurolite and zircon in the Grinnell Ridge area 

is that the mineral assemblage reflects the mineralogy of its 

source rocks, and that the sediment of the area is derived from 

rock units mineralogically distinct from bottom sediment in 

adjacent areas. Garnet abundances comparable with those of 

Grinnell Ridge are found elsewhere in the study area only in 

streams which drain the Isachsen formation on Noice Peninsula 

(Figure 15 B and C). Zircon and staurolite also occur in 

comparable abundances in these stream beds. Sand derived from 

the Isachsen formation on Noice Peninsula contains no kyanite; 

however, sand derived from formations adjacent to the Isachsen 

formation contains 2-3% kyanite. On the basis of mineralogy, it 

therefore appears that Grinnell Ridge may be underlain in part 

by beds of the Isachsen formation. 

Although abundance values for kyanite in the sand of the 

Beaufort formation (Figure 3) range between 6% and 19% (Figure 

15A) only trace amounts of kyanite occur in samples taken from 

stations off the north coasts of Ellef Ringnes and Borden Islands, 

where this formation crops out. Apparently sand-size kyanite 

is not now transported from land to points as close as 4 km 

(2.2 mi.) offshore. At a depth below the bottom of 9 cm., 

however, Core 4 contains 7% kyanite. This suggests that Station 4 

was located considerably closer to shore at the time of deposition 

of this sample than it is now. Kyanite abundances in Core 28, 
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off Cape Ahnigtito, suggest a similar relation. Kyanite in 

stream beds on Cape Ahnighito amounts to 3% of the heavy mineral 

fraction, while no kyanite occurs at the top of Core 28, taken 

from 206 metres of water 6.5 km (3.5 mi.) offshore. At a depth of 

12 cm., however, this core contains 1.6% kyanite (Appendix D), 

Samples from Lougheed Island Basin, Berkeley Trough, the 

flanks of Grinnell Ridge, and parts of northern Prince Gustaf 

Adolf Sea contain small proportions of relatively unstable 

minerals. Stations 5, 6, 7, 8, 9, and 60, between Borden Island 

and Deer Bay, contain from 1% to 5% hornblende (Appendix D). The 

hornblende in these samples is not the red-brown 'basaltic" 

variety, but is "common" green hornblende. As Stations 5, 6, 7, 

8, 9, and 60 are located in an area which is 111 km (60 mi.) 

north of other significant hornblende occurrences, it is possible 

that they are receiving sediment from a local source of hornblende-

bearing sand. None of the cores at these stations contain signi-

ficant amounts of hornblende below the present bottom. Cores 74, 

76, 77, and 80, in Lougheed Island Basin, contain from 1% to 4% 

hoinblends. Cores from the flanks of Grinnell Ridge (Cores 37, 

38, 47, 48, 53, and 55) contain from 2% to 5% hornblende. 

Hornblende below the bottom at all these stations is rare to 

non-existent. The areal and topographic unity of cores containing 

hornblende in the above two areas again suggests that the stations 

have a common source of sediment supply. "Common" hornblende was 

observed in concentrations of 1% to 2% in stream and outcrop 

samples from northern Lougheed Island (Figure 15 D), where much 
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of the outcropping rock consists of probable Christopher formation. 

No other shore samples examined contained more than trace amounts 

of hornblende. It is therefore possible that beds equivalent to 

those which crop out on northern Lougheed Island are the source 

of the hornblende in Lougheed Island Basin and on the flanks of 

Grinnell Ridge. 

Core 58, from Berkeley Trough at a depth of 382 metres, 

contains 3.7% blue-green hornblende, a type which was not found 

elsewhere in the study area. It also contains 3% diopside and 

traces of "common" hornblende. Nearly all the heavy mineral 

grains from the top of this core are angular and have a fresh 

appearance. Hornblende grains have "hacksawed" ends and only 

apatite and tourmaline are rounded. In view of its nearness to 

the Paleozoic rocks of the Sverdrup Basin, its blue-green horn-

blende content, and its ragged grain surfaces, together with its 

sodic fledspar content (p. 53), it appears probable that some of 

the sediment in Core 58 was derived from land to the south. 

Abrasion by glacial ice may be in part responsible for the 

texture of the mineral grains. 

Augite occurs in samples from several scattered cores west 

and north of Lougheed Island, ranging frpm 1% to 2% in abundance. 

Core 9, from 2.8 km (1.5 mi.) off Ellef Ringnes Island, contains 

the greatest abundance of augite (Appendix D); this augite may 

be derived from diabase bodies which crop out near Isachsen 

(Figure 3). No augite was observed in stream and outcrop samples 

except those near the diabase bodies. Unfortunately, no data on 
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the composition of rocks in the western islands are available, 

and it is not possible on the basis of present information to 

infer a source for the augite in central Prince Gustaf Adolf Sea. 

Diopside occurs in concentrations of 1% to 11% (Core 71) at 

several scattered stations in the same general area where augite 

occurs. The Christopher (?) formation on northern Lougheed Island 

contains 1% to 2% diopside (Figure isp) and is the only known 

possible source for the augite of the marine samples. 

Pyrite is the most abundant mineral in bottom sediment from 

Stations 19, 20, 23, and 27, and is present in concentrations of 

6% and 15% at Stations 56 and 57, respectively. Pyrite at all 

these stations is unoxidized but is tarnished to varying degrees. 

All pyrite fragments observed appear to be detrital. Many grains 

are fragments of interstitial cement and show only slight abrasion 

on sharp edges. Botryoidal, former cavity fillings and reniform 

aggregates are common. At Station 57, nearly all the pyrite grains 

counted were euhedral pyritohedra. At Station 27, the pyrite 

grains are clean, bright aggregates, while at Stations 19, 20, 

and 23 the grains are slightly tarnished. The latter four 

stations are located in the area between Lougheed Island and 

Noice Peninsula (Figure 16). The areal unity of samples from 

these stations, together with the fresh, unoxidized aspect of 

the pyrite contained in them, suggests that the pyrite is being 

supplied by a local source. 

Fresh pyrite was observed in only one outcrop sample, taken 
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from Christopher formation (4?) beds on northern Lougheed Island 

(Figure 15D). Aggregates and euhedra in this sample were bright 

and fresh and composed 52% of the heavy mineral fraction 

(Appendix D). Samples taken from a stream bed 1.5 km (1 mi.) 

downstream from this outcrop contained only oxidized pyrite. Such 

outcrops may occur on the sea bottom in the pyrite-rich area off 

Noice Peninsula described in Figure 16; if this is the case, it 

is apparent that oxidation has had little effect on the pyrite 

after its deposition in the yellow-brown beds. 

While samples from the tops of cores, in the yellow-brown 

layer, are deficient in fresh pyrite, samples from the underlying, 

dark-coloured beds are comparatively rich in pyrite. In central 

Prince Gustaf Adolf Sea, cores taken at Stations 5, 7, 22, 60, 

and 67 contain as much as 98% pyrite aggregates (Appendix D) in 

sub-bottom layers. Cores from Stations 70, 71, and 72, between 

Cape Ahnighito and MacKenzie King Island, contain as much as 44% 

pyrite in sub-bottom layers; Core 72, however, from 22 km (12 mi.) 

off MacKenzie King Island, also contains 36% oxidized opaque 

minerals in a muddy sand layer 40 cm. below the bottom. In 

Lougheed Island Basin, sand in Core 77 is 73% polyspherical 

aggregates of pyrite at a sub-bottom depth of 26 cm.; at 110 cm., 

in a sandy mud layer, there is 23% pyrite and 53% oxidized opaque 

minerals, most of which appear to be after pyrite. Core 78, 

which at its top contains no fresh pyrite, but instead contains 

17% oxidized pyrite, has at 28 cm., 72% pyrite and no oxidized 

opaques. Similarly, Core 79, from the west end of Cameron Island 

Ridge, contains 99% oxidized pyrite aggregates at its top but 37% 
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fresh pyrite and no oxidized opaques at 51 cm. On the flanks 

of Grinnell Ridge, an area in which pyrite occurs in bottom 

sediments, Cores 42 and 48 contain sub-bottom concentrations 

of pyrite of 63% and 76%, respectively. Core 41, off the south 

end of Lougheed Island in Desbarats Strait, contains 40% oxidized 

opaques and no pyrite at the top, while at a sub-bottom depth of 

13 cm., it contains 70% bright pyrite aggregates. 

There is a general decrease in abundance of oxidized opaque 

minerals with depth below the bottom (Figure 17). While this 

relationship does not hold true in all cases, notably in those 

samples from the pyrite-rich areas previously described, the 

yellow-brown layer contains much higher abundances of oxidized 

opaque minerals than do the underlying beds. Conversely, there 

is a general decrease in oxidized pyrite content with depth below 

the bottom. This decrease in oxidized opaque mineral abundance 

coincides generally with the transition from yellow-brown bottom 

sediment to darker-coloured sediment at depth. Figure 17 shows 

that oxidized opaque mineral grains are more abundant in the 

yellow-brown layer than in lower beds, and furnishes supporting 

evidence for the previously-stated hypothesis (p. 42) that the 

colour of the yellow-brown layer is a result of oxidation of 

iron minerals. It further supports the idea that oxidation, 

and hence probably oxygenation, has affected the upper, yellow-

brown, layer, more than the beds below. 

Mud 

Mud samples were examined optically and by X-ray diffractometer 
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to determine their mineralogical composition. Quartz was found 

to be the dominant mineral type in all samples and was present 

in all size classes. Very small proportions (less than 1%) 

of staurolite, garnet, tourmaline and other heavy minerals common 

in the sand fraction were identifiable in size grades as small 

as fine silt (70). X-ray analyses made on 40 samples from 

throughout the area of study indicated that size grades below 

60 are composed predominantly of quartz, kaolinite, and illite. 

Montmorillonite was present in 11 scattered samples. Quantitative 

estimates made on the basis of the areas included under the 7, 10 

and 15 Angstrom peaks resulted in the following relative abundances 

of the major clay mineral types: kaolinite 68% illite 26%, 

and montmorillonite (average contents of 10 samples, excluding 

Station 36) 7%. There was no apparent relationship between 

montmorillonite abundance and distance from shore or topography. 

Clay minerals taken from samples at various levels below the 

bottom show no change in relative abundances of the species. 

Clay mineral analyses 0/1 five samples of mudstone outcrop from 

Ellef Ringnes and Lougheed Islands showed kaolinite/illite ratios 

of approximately 2.0. Compositions of submarine mud samples from 

Prince Gmstaf Adolf Sea, therefore, are similar to compositions 

of outcrops on nearby islands. 

The bottom sample from Station 36, in Danish Strait (Figure 4), 

contained 67% kaolinite and 21% umontmorillonite", with only 2% 

illite. The "montmorillonitem in this sample expanded to 17 

Angstroms upon glycolation and appears to be similar to 
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montmorillonite-like mixtures of chlorite and degraded illite, 

described by Griffin and Goldberg (1963, p. 735), which have 

resorbed potassium in the marine environment. Core 36, from a 

depth of 225 metres, consisted of 18 centimetres of medium grey 

clay mud which was logged in the field as "mottled dark grey and 

yellow-brown mud". Three months after collection this core was 

mottled over its outer surface with bright orange-yellow, very 

finely divided, limonitic minerals. On examination, the interior 

of the core was observed to contain irregular mottlings of very 

fine, black, subspherical aggregates which later oxidized to 

rusty yellow. These colour changes were due to the oxidation 

of finely divided iron minerals which probably occurred 

originally as sulphide compounds. Such minerals are stable in 

reducing conditions and when present in marine sediments generally 

indicate a lack of ventilation of the overlying water. Ericson, 

et al. (1961, p. 204-205) point out, however, that many iron 

sulphide compounds in marine sediments are probably formed in' 

reducing environments produced by the metabolic activity of 

heterotrophic bacteria. 

Gravel  

Gravelly beds and isolated pebbles occur in a number of 

cores. A small proportion of this gravel is composed of fragments 

of igneous and metamorphic rocks of distant origin; the greater 

part, however, consists of pebbles of lithologies similar to 

those of rocks which crop out in or near the Prince Gustaf Adolf 

Sea area. The most common lithologies, in their order of 
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abundances, are: greenish-grey, fine, quartzose sandstone; 

grey shale and mudstone; and dark brown mudstone. Limestone 

pebbles were observed in one core (Core 79). There can be 

little doubt that large fragments of well-lithified rocks lie on 

the bottom of Prince -Gustaf Adolf Sea, as ice-rafted boulders have 

been observed on the surface in the area (page 14). Also, 

occasional severe damage to core bits attests the presence of 

very hard materials on the bottom. 

Cores 5, 6, 17, 18, 20, 23, and 29, in the Lougheed Island 

Ridge - Danish Strait Valley area, contain pebbles of grey to 

black shale and greenish-grey, micaceous sandstone. Many of the 

shale pebbles are soft and friable but have been only slightly 

rounded by abrasion. Cores 62, 68, 70, and 71, in the western 

half of the study area north of Lougheed Island Basin, also contain 

beds with dark-coloured shale and greenish-grey, guartzose 

sandstone pebbles. All of these fragments are slightly rounded. 

Core 78, on the shoreface southwest of Lougheed Island, contains 

pebbles of dark grey clay shale 	poorly-sorted beds of gravelly 

clay. Fine pebbles of grey sandstone occur near the base of Core 

77, in Lougheed Island Basin. 

Core 79, at the western end of Cameron Island Ridge, contains 

fine pebbles of shale, limestone, and metamorphic rocks in a 

pebbly, sandy mud layer 88 cm thick. This is the only known 

occurrence of limestone pebbles in submarine samples from the area. 

Cores 32 and 38, on the flanks of Grinnell Ridge, contained 

• 
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fine, rounded pebbles of greenish-grey sandstone in beds of sandy 

mud. Core 53, at the east end of Desbarats Trough, contained 

pebbles of the same lithology. 

Lithologies found in pebbles of the bottom sediments in the 

study area are similar to lithologies of rocks which occur on the 

adjacent islands. Shale and mudstone formations underlie much of 

Ellef Ringnes, King Christian, Lougheed and MacKenzie King Islands 

and probably parts of the surrounding sea floor. Grain morphologies 

indicate that the shale and mudstone pebbles have undergone little 

abrasion and hence have not been transported over the bottom for 

great distances. Much of this material is probably, therefore, 

of local derivation. 

Tozer and Thorsteinsson (1964, p. 136-146) describe beds from 

the Mould Bay formation, which crops out as far east as MacKenzie 

King Island, that contain greenish-grey sandstone lithologies similar 

to that of the pebbles found in submarine samples of the Prince 

Gustaf Adolf Sea area. Greenish-grey, quartzose sandstone was 

also observed on southern Cameron Island and on the coasts of some 

of the Berkeley Islands. Specimens collected from these areas 

during refuelling stops are remarkably similar to pebbles which 

occur in bottom sediments 200 km (108 mi.) to the northwest. If 

some of the pebbles were derived from rocks of the Franklin 

Geosyncline (Fig. 3), as lithologies in the Berkeley Islands 

suggest, a northward, and oceanward, direction of transport is 

implied. Such movement could have taken place in glacial ice 

during times of lower sea level. It is more likely, however, that 
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the sandstone pebbles are of local origin and have been derived 

from outcrops now on the sea bottom or on the adjacent islands. 

An alternative source for the sandstone is in the distant land 

areas where much of the polar ice which enters Prince Gustaf Adolf 

Sea originates. The homogeneity of composition of the pebbles 

indicates that this is not, however, the case. 

The mixed lithologic association of Core 79 probably is a 

partially reworked, shallow-water deposit of glacial origin. The 

limestone pebbles may be of local derivation, as may be sand-size 

limestone grains concentrated in the Lougheed Island Basin area 

(page 56); the igneous and metamorphic rock fragments, however, 

originated in distant sources and probably were brought into the 

area by glacial transportation. 

• 
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FAUNA 

Microfaunas collected from marine sediments in the western 

Queen Elizabeth Islands have been studied and reported on by 

Wagner (1962, 1964) and Vilks (1964) with Marlowe, (1963). 

Preliminary data on the foraminifera of Prince Gustaf Adolf Sea 

(G. Vilks, Bedford Institute of Oceanography, personal communication) 

indicate a gradual decrease in planktonic, calcareous forms southward 

from the Arctic Ocean to about the latitude of Lougheed Island. 

There is an increase in arenaceous forms over the same distance. 

The planktonic population is characterized by Globiqerina pachyderma, 

a species which does not occur in recent sediments of the area above 

a depth of 200 m. At this depth at the north end of Prince Gustaf 

Adolf Sea, Collin (1964) reports a relatively warm water layer of 

probable Atlantic origin. Vilks (personal communication, 1965) 

reports that cores from Desbarats Strait (Stations 41, 46, and 52) 

contain arenaceous forms at their tops but calcareous species at 

depth. As the modern calcareous fauna shows a preference for depths 

of 200 m or greater, Vilks infers that depths in Desbarats Strait 

have been greater in the past than they are at present. Alterna-

tively, the preferred layer of water which appears to exist at 

about 200-m elsewhere in the area of study may have flowed over the 

low sill west of Desbarats Strait at some time in the past. A 

microfaunal list provided by Vilks is appended to this report 

(Appendix E). 

Vilks reports no foraminifera from samples taken from below 

the yellow-brown layer. Core 62, from a depth of 151 m off Cape 
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Norem, contains the only faunal remains found below the yellow-

brown layer. In the interval from 24 to 29 cm below the bottom 

(1 cm to 5 cm below the yellow-brown layer), in a grey, sandy mud 

bed, abundant calcareous worm burrows and small (4-5 mm) pelecypod 

valves were observed. 
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SUMMARY -AND CONCLUSIONS 

Geological data from the Prince Gustaf Adolf Sea area support 

the hypothesis of Fortier and Morley (1956) that islands of the 

Canadian Arctic Archipelago are parts of a submerged, continental 

terrain. Submarine landforms indicate the former existence of a 

subaerial drainage pattern which had its origins south of the study 

area and emptied into the Arctic Ocean. Present islands represent 

former drainage divides and highland; some similar features are 

not now emergent but exist as ridges and banks under the sea. 

Gently-sloping headlands, such as Cameron Island Ridge and Lougheed 

Island Ridge, and a well-defined island slope suggest that the sea 

and shoreline approached dynamic equilibrium at a level 300 to 400 m 

below present sea level. The former existence of glacial ice in 

the area is inferred from the presence of trough-like, flat-bottomed, 

submarine valleys. Sedimentary structures indicate that marked 

changes in the sedimentary environment have occured in the Prince 

Gustaf Adolf Sea area. 

Quiescent, probably slightly reducing conditions prevailed 

during a period represented by lower, grey-coloured beds. During 

this time water depths were shallower than at present and bottom 

currents were more effective. This sediment appears to have been 

derived from within the area and there is little indication of 

transportation of detritus from exotic sources. Bottom sediments 

were poorly ventilated and in the Lougheed Island Basin area may 

have been restricted from the open sea. Deposition in most deep 

areas was quiet. Cyclical bedding in the Lougheed Island Basin 
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area suggests a seasonal, perhaps glacial, control of sedimentation 

in that area. No microfaunal remains were found in the lower beds. 

Following the deposition of the grey beds, yellow-brown 

sediment accumulated in the Prince Gustaf Adolf Sea area. The 

deposition of this sediment has continued to the present. The 

mineralogy of these beds indicates that oxidizing conditions 

prevailed during the time of their deposition. The absence of 

bedding and the presence of abundant microfaunal remains suggest 

that reworking of sediment by burrowing organisms became effective 

at this time. A microfauna described as being typical of open 

Arctic Ocean waters (G. Vilks, p. 73, this report) occurs at 

depths of 200 m and lower. This depth agrees with the depth given 

by Collin (1961) for a warm layer of Atlantic water at the north 

entrance of Prince Gustaf Adolf Sea. It is therefore inferred 

that the change to oxidizing conditions on the bottom was the 

result of the incursion of this "Atlantic" water mass, which 

exerted more and more influence on Prince Gustaf Adolf Sea as 

sea level rose. Thickness values for the upper, yellow-brown 

layer are taken in this report as an index of the relative effective-

ness of oxidation in the area. These values indicate that oxidation 

in the western half of the area has been more effective than in 

the eastern half; therefore, aerated bottom conditions may have 

existed in the Prince Gustaf Adolf Sea - - Byam Martin Channel 

area longer than they have in the Grinnell Ridge - - Penny Strait 

area. Preliminary faunal data from Vilks (p. 73, this report) imply 

that "Atlantic" water from the Arctic Ocean formerly passed through 
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Desbarats Strait, although samples from recent sediment show that 

no fauna typical of this water mass are now being deposited in 

that area. This may be an indication that "Atlantic" water moving 

down the east coast of Lougheed Island flowed preferentially through 

Desbarats Strait and southward through Byam Martin Channel, At a 

sea level 100 m below the present, Grinnell Ridge would obstruct 

currents moving toward it from the west. It therefore appears that 

water from Prince Gustaf Adolf Sea may have circulated through Byam 

Martin Channel before circulation through Penny Strait began. 

Recent sediment in the area appears to be derived from streams 

flowing into the sea from land areas, from submarine outcrops, and 

from windblown detritus from the islands. Floating ice contributes 

an unknown proportion of the sediment. Bottom currents are 

effective in sorting the sediment and are most effective in shallow 

areas. Little mud is deposited on the crest of Grinnell Ridge, 

for instance, as opposed to muddy areas in the deeper, central 

Prince Gustaf Adolf Sea. Suspended-load sediment may be carried 

by debouching streams to offshore areas; however, there is no 

indication that bedload-size material is at present transported 

more than a short distance from shore. Compositions of sand and 

gravel fractions indicate that much of this material is derived 

from local sources on the sea bottom. Compositional similarities 

between seabottom sands and terrestrial outcrops suggest that 

some formations which occur ashore also underlie the sea. 
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Core 
No. 

Depth of 
Water 
(Metres) 

1 399 

2 463 

3 477 

4 199 

5 394 

6 392 

0.,  5 cm Clay mud, yellow-brown; 	abundant 
calcareous foraminifera; 

5.- 8 Sandy mud, grey-brown; 
8- 24 Sandy mud, grey. 

G- 6 cm Clay, yellow-brown; 	frequent cal- 
careous foraminifera; 	interlamina- 
ted with underlying unit from 2-6 cm; 

	

6- 19 	Clay, medium grey. 

0 21 cm Clay mud, yellow-brown; rare, 2 mm 
rock fragments; abundant calcareous 
foraminifera to 17 cm; 4 mm pele-
cypod valve at 5 cm; 

	

21- 63 	Clay mud, medium grey. 

1  0- 8 cm Clay, yellow-brown; rare y-4 mm 
rock fragments; 

8- 12 	Muddy sand, yellow-brown; rare, 
broken calcareous shell material; 
rare wood splinters and iron oxide-
stained rock fragments. 

0- 9 cm Clay, yellow-brown; abundant cal-
careous foraminifera; inter-
laminated with underlying unit from 
7.9 cm; 

9- 11 	Clay, dark grey, base sharp; 

	

11- 21 	Clay, light brown; grades sharply 
into grey-brown in middle of unit; 
base sharp; 

	

21- 29 	Sandy mud, light grey; base sharp; 

	

29- 57 	Clay mud, dark grey; frequent rock 
granules; siltstone pebble, 1.5 cm 
diam., 10 am from base; very 
finely laminatedb 

0. 15 am Clay, yellow-brown, frequent cal-
careous foraminifera; 2 mm thick, 
grey clay layer at 6 cm; base 
transitional; 

	

15- 42 	Clay mud, dark grey; 1.5 cm pebbles 
of dark brown, waxey siltstone 
irregularly scattered throughout; 
1.5 cm pebbles of light greenish-grey 
clay at 32 am. 

Description 
(Top to Bottom)* 

For definitions of lithologic terms, see Fig. 13, page 48n 



- 90 

Depth of 
Core 	Water 
No. 	(Metres) 

Description 
(Top to Bottom) 

488 	0- 10 cm Clay, yellow-brown; 3% silt and 
very fine sand (rock fragments) at 
0-4 cm; abundant calcareous fora-
minifera; light tan, round, * mm 
diam. mottlings, probably filled 
burrows, at 0-4 cm; base sharp; 
Clay mud, medium grey; 

363 	0- 15 cm Clay mud, yellow-brown; slightly 
mottled; 

15- 46 	Clay, dark grey; very finely 
laminated; 

46- 48 	Sandy mud, dark grey; 
48- 56 	Mudstone, light grey; fissile, 

firm; possible bedrock; 

264 	0- 18 cm Clay mud, yellow-brown; grades to 
grey at 12-18 cm; 

18- 70 	Clay, medium grey; thin, flat bed- 
ding; becomes slightly sandy at 
50-70 cm. 

214 	0- 20 cm Clay, light brown; faint, dark 
brown, sub-horizontal, colour band-
ing; interlaminated with dark grey 
mud at 17-20 cm; 

20- 23 	Muddy sand, orange-brown; very fine; 
limonitic; 

23- 54 	Clay, dark grey. 

310 	0- 23 cm Clay mud, yellow-brown; 5 nun thick 
layers of iron oxide-stained mud 
at 18 cm and 20 cm; 

23- 89 	Clay mud, dark grey to black; 
89- 94 	Muddy sand, white, quartzose, medium. 

374 	0- 12 cm Clay, yellow-brown; abundant calca- 
reous foraminifera; 

12- 28 	Clay, medium grey; faint, 1 mm 
bedding; 

28- 41 	Clay mud, medium grey; fine pebbles 
scattered throughout; faint, 1 mm 
thick bedding. 

13 421 0- 4 cm 

4- 8 
8- 14 
14- 22 

Clay, yellow-brown; abundant cal-
careous shell fragments; 
Clay, grey; 
Sandy mud, grey; 
Clay mud, grey; occasional granules 
unconsolidated, brown mud. 

7 

8 

9 

10 

11 

12 

10-37 
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Depth of 
Core 	Water 
No; 	(Metres) 

Description 
(Top to Bottom) 

14 495 0. 14 am 
14.- 27 

Clay, yellow-brown;  
Sandy mud, medium grey; 2 cm thick 
lens of light grey, muddy sand at 
24 cm. 

	

15 	209 	0- 8 	cm Mud, yellow.brown; scattered medium 
grained sand; thoroughly burrowed; 
calcareous worm tube 1.5 cm long at 
6.5 cm; horizon of 2-3 mon rock frag-
ments at 7 cm; 

	

8- 12 	Mud, grey; finely laminated. 

	

16 	354 	0- 9 	cm Clay, yellow-brown; frequent fine 
to medium rock fragments; frequent 
calcareous foraminifera; inter-
laminated with underlying unit at 
5.9 cm; 

	

9- 36 	Clay, medium grey; laminated; 
occasional, fine to medium rock 
fragments. 

	

17 	383 	0,-. 13 	cm Clay mud, yellow-brown; inter- 
laminated with underlying unit at 
base; 

	

13- 27 	Clay mud, grey, laminated; 

	

27- 61 	Muddy sand, grey; slightly gravelly, 
contains scattered pebbles as large 
as 3 cm; most abundant pebbles 
black shale, few grey-green sand-
stone, one brown sandstone. 

	

18 	498 	0- 16 	cm Clay mud, yellow-brown; slight, 
irregular, dark mottling; 

	

16,- 21 	Clay mud, yellow-brown; dark, sub- 
horizontal, colour banding; 
laminated; 

	

21. 69 	Clay mud, medium grey grading to 
dark grey at base; interlaminated 
grey layers (1.3 mm thick) and 
black layers (0.5 mm thick); 

69- .70 	Clay, light grey; 
70- 74 	Sandy mud, dark grey; 3 am pebbles 

of greenish-grey, micaceous sand. 
stone at base. 

19 	391 	 Mud, yellow.brown; lower part of 
core lost, remainder treated as 
snapper sample. 
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Depth of 
Core 	Water 
No. 	(Metres) 

Description 
(Top to Bottom) 

Clay mud, yellow-brown; 
Sandy mud, slightly gravelly-grey. 

Clay mud, yellow-brown; frequent 
calcareous foraminifera; base sharp; 
Clay mud, grey; massive. 

Clay, yellow-brown; frequent rock 
fragments, calcareous foraminifera, 
shell fragments, at 0-2 cm; inter-
laminated with grey clay at 1.5 cm, 
laminae 2-3 mm thick; 
Clay, grey; faint, --1 mm thick, 
yellow-brown laminae; 
Clay mud, grey; becomes sandy to 
base; 
Muddy sand, grey; fine; massive. 

Clayey sand, yellow-brown; 
Clayey sand, medium grey; massive; 
Muddy sand, medium grey; 1 cm thick 
zone of dark grey shale fragments 
at 25 cm. 

Mud, yellow-brown; fine to medium 
grain, quartz and rock fragments 
scattered throughout; rare pebbles 
black shale; 
Sandy mud, medium grey; massive; 
abundant, irregularly scattered, 
pebbles of black and dark grey shale. 

Clay mud, yellow-brown; frequent 
coarse sand and granule-size quartz 
and rock fragments; 
Clay mud, grey; very thin-bedded; 
few scattered granules of grey-
green sandstone at base. 

Mud, yellow-brown; colour-banded 
in 3 mm thick layers with brown mud 
at 10-17 cm; 
Mud, light grey; slightly, very 
fine, sandy at 24-26 cm; 5 mm thick 
layer of iron oxide-stained mud at 
26.5 cm; 
Sandy mud, medium grey; laminated; 
3 cm pebble of grey-green sandstone 
at base. 

20 
	

327 
	

0- 10 cm 
10- 30 

21 
	

355 
	

0- 13 cm 

13- 47 

22 
	

440 
	

0- 5 cm 

5- 6 

6- 12 

12- 17 

23 
	

512 
	

0- 9 cm 
9- 25 
25- 29 

24 
	

326 
	

0- 27 cm 

27- 38 

25 
	

236 
	

0- 6 cm 

6- 11 

26 
	

332 
	

0- 17 cm 

17- 27 

27- 42 



7 cm 

7- 12 

0- cm 

7- '10 

• 

27 474 

28 
	

206 
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Depth of 
Core 	Water 
No, 	(Metres) 

Description 
(Top to Bottom) 

Clay, yellow-brown; frequent 
corroded, calcareous shell fragments; 
Sandy clay, light grey; occasional 
rock fragments; laminated. 

Muddy sand, yellow-brown; bedding 
graded; 
Sand, medium grey; fine; matrix 
silty mud; poorly sorted except at 
9-10 cm; abundant coarse and very 
coarse quartz grains scattered 
throughout. 

29 
	

360 
	

8 cm Sandy mud, yellow-brown; reddish- 
brown at 2-5 cm; 

8-18 
	

Sandy mud, medium grey; very thin 
bedded; fine pebble of grey-green 
sandstone at 11 cm. 

30 	497 	0- 8 cm Sandy mud, yellow-brown; abundant 
aggregates unconsolidated mud 
scattered throughout; 

8- 12 	Muddy sand, medium grey; very fine; 
1.5 cm, flat pebble of light grey, 
arlcosic sandstone with highly 
altered feldspar at 8 cm. 

31 	572 	0, 15 cm Clay, yellow-brown; 
15- 30 	Clay mud, medium grey; laminated. 

0, 9 cm 
9- 14 

0- 5 cm 

5- 20 

0- 12 cm 

12- 30 

0r 11 cm  

Clay, yellow-brown; 
Sandy mud, grey; occasional 
granules black shale. 

Clay mud, yellow-brown; inter-
laminated at base with underlying 
unit; 
Sandy mud, grey; contains few 
small grey shale pebbles. 

Clay mud, brown; contains inter - 
laminated, flat lenses of light 
brown and grey mud ; 
Muddy sand, grey; iron oxide-
stained at 12-13 cm. 

Sandy mud, grey. 

32 
	

323 

33 
	

281 

34 
	

363 

35 	120 
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Depth of 
Core 	Water 
No. 	(Metres) 

Description 
(Top to Bottom) 

36 	225 	0- 18 cm Clay mud, grey; occasional wood 
fragments; approximately 20% black, 
loose, subspherical aggregates, 
probably iron sulfides; outside of 
core mottled with iron oxides; 5 mm 
diameter fragment of algal mat at 
9 cm; when core was fresh, was 
logged as "mottled dark grey and 
yellow-brown mud". 

37 	250 	0- 10 cm Clay mud, yellow-brown; occasional 
rock fragments 1-2 mm diam,, rare 
medium to coarse quartz grains; 

10- 14 	Muddy sand, brown; compact. 

38 	303 	0- 7 cm Clay mud, brown; 
7- 34 	Sandy mud, grey; contains greenish- 

grey sandstone pebbles as large as 
3 cm, 

39 	315 	0- 14 cm Clay mud, brown; interlaminated 
with underlying unit at 9-14 cm; 

14- 51 	Clay mud, grey; laminated. 

40 	316 	0- 4 cm Sandy clay, yellow-brown; sand 
content increases to base; 

4- 11 	Muddy sand, grey; rare wood grains; 
11- 21 	Clay mud, grey; approximately 15% 

fine, quartz sand at 11-14 cm; 
thin-bedded; sandy layers, i-1 cm 
thick, at 14-19 cm, 

41 	133 	0- 8 cm Mud, yellow-brown; sand grains 
moderately stained with iron oxides; 

8- 12 	Clay, light grey, laminated; 
12- 24 	Clay, grey. 

42 	332 	0- 15 cm Clay mud, brown; grades downward 
to grey-brown; abundant arenaceous 
foraminifera; 

15- 20 	Clay mud, light red-brown; contains 
laminae of very fine sand; base sharp; 

20- 30 	Sandy mud, grey; grades downward to 
clean, quartz sand at base. 

43 	218 	0- 6 cm Clay mud, yellow-brown; 
6- 10 	Clay, yellow-brown; interlaminated 

with dark grey at 8-10 cm; 
10- 25 	Muddy sand, grey, 
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Depth of 
Cote 	Water 
No. 	.(Metres) 

Description 
(Top to Bottom) 

44 	248 	O. 4 cm Sandy mud, yellow-brown; inter- 
laminated with underlying unit at 
2-4 am. . 

4- 32 	Muddy sand, grey; 1 cm thick, dark 
brown layer with carbonaceous 
material at 5 cm. 

Clay mud, brown; occasional iron-
oxide mottling; 
Sandy mud, medium grey. 

Clay mud, brown; grades downward 
to grey-brown; abundant calcareous 
foraminifera; 
Clay mud, light red-brown; contains 
3-4 mm thick layers of very fine 
sand; base sharp; 
Sandy mud, grey; grades downward 
to clean quartz sand at 29-30 cm. 

Clay mud, yellow-brown; approxi-
mately 5% sand grains; interbedded 
with 1 am thick, light grey layers 
at 39-49 cm. 

Clay mud, yellow-brown; 
Sandy mud, yellow-brown. 

Sandy mud, yellow-brown; rare .25- 
0.5 mm, carbonaceous fragments; 
Sandy mud, light grey. 

Clay mud, yellow-brown, base sharp; 
Clay mud, black; 
Muddy sand, black; flat-bedded, 
i-1 mm thick layers; i cm thick 
layers clean, white sand at 20.22 cm. 

45 
	

306 
	

07- 27 cm 

27- 43 

46 
	

212 
	

0.- 15 cm 

15- 20 

20- 30 

47 
	

272 
	

0, 49 cm 

48 
	

348 
	

0, 16 am 
16- 28 

49 
	

162 
	

7 am 

7- 16 

50 
	

187 
	

0- 2 cm 
2--15 
15- 27 

7 am Muddy sand, yellow-brown; 0.5-1 
cm thick, lensoidal sand layers at 
5-7 cm. 

12 cm Clay mud, yellow-brown; 2 to 5 mm 
thick layers of pink-brown clay mud 
at 6-12 cm; 5 mm thick layer blue-
grey clay mud at 6 cm; 

12- 22 
	

Clay mud, pink-brown; 1 cm thick 
layer of light grey, grading down-
ward to dark grey, clay mud at 12 am; 

22- 39 
	

Clay mud, grey; pods of fine sandy 
mud at 35-39 cm. 

51 
	

153 

52 
	

168 
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53 	324 

contains scattered pebbles of grey-
green sandstone as large as 2 cm. 

54 	356 	0- 4 cm Clay, yellow-brown; 
4 - 12 	Sandy mud, yellow-brown. 

55 	469 	0- 7 cm Clay, yellow-brown; rare worm 
burrows. 

56 	242 	0- 17 cm Sand, yellow-brown. 

57 	296 	 Sand, yellow-brown. 

58 	382 	0- 8 cm Clay, yellow-brown; rare, 0.5-1 mm 
red rock fragments; 

8- 32 	Clay, grey; frequent .25-.50 mm 
grey shale fragments; massive; 

32- 43 	Sandy clay, grey-brown; approximately 
5% .25-.50 mm red rock fragments; 
2 cm thick bed clean sand at 32 cm. 

59 	437 	0- 5 cm Clay mud, yellow-brown, with 
calcareous foraminifera;  

5- 15 	Clay mud, grey. 

60 	411 	0- 14 cm Clay mud, yellow-brown, interlaminated 
with grey mud at 7-14 cm; 4% fine 
to medium sand; 

14- 31 	Clay, grey; 
31- 64 	Sandy mud, grey. 

61 	338 	0- 6 cm Clay mud, yellow-brown. 

62 	151 	0- 23 cm Sandy mud, yellow-brown, very 
abundant calcareous foraminifera; 
contains 2 mm thick zones of medium 
sand; few broken pelecypod valves; 
base sharp; 

23- 24 	Sandy mud, orange-brown; fine to 
very fine; heavily stained by iron 
oxide; limonitic plant fibre casts ; 

24- 53 	Sandy mud,grey, frequent light grey 
sandstone fine pebbles; abundant 
pelecypod and calcareous worm burrow 
material at 24-29 cm. 

Depth of 
Core 	Water 
No. 	(Metres) 

Description 
(Top to Bottom) 

0- 7 cm Clay mud, brown; 	base transitional; 
7- 32 Clay mud, red-brown; 	interbedded 

at base with underlying unit; 
32- 36 Sandy mud, grey brown; 
36- 45 Sandy mud, light grey; 	thin-bedded; 
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Depth of 
Core 	Water 
No. 	(Metres) 

Description 
(Top to Bottom) 

	

63 	377 	 16 	cm Clay mud, yellow-brown, inter- 
laminated with 2 mm thick grey 
mud layers at 3-16 cm; occasional 
aggregates grey mud, i-1 mm diam.; 

	

16- 22 	Clay mud, grey; 

	

22.- 54 	Clay, grey, no apparent beddingv 
1 cm thick bed of quartzose sand, 
very fine, slightly muddy, at 35 cm 
from top; 

	

54-112 	Clay mud, grey, abundant coarse 
grain to granule size, grey, fissile 
clay fragments throughout; occa-
sional yellow-brown clay fragments; 
total clay fragments about 1% of 
matrix. 

	

64 	274 	 12 	cm Sandy mud, yellow-brown,' abundant 
calcareous foraminifera; inter-
laminated with dark grey mud in 
layers 1-2 am thick in lower half; 

	

12- 18 	Muddy sand, fine, grey, no apparent 
bedding. 

	

65 	316 	0,- 6 	am Clay mud, yellow-brown; 
6- 7 	Sand, fine, orange-brown; iron 

oxide-stained; 
7- 20 	Clay mud, brown, slightly dark grey 

mottling at 7-12 am; base sharp; 

	

20-111 	Clay mud, light grey, very finely, 
flatly, laminated, throughout; 
laminae 1-5 mm thick; graded bedding, 
from clay to coarse silt, throughout; 
color banding, dark grey or purplish 
to very light grey-white, overall; 
dark coloured layers generally finest, 
grading upward to light coloured and 
coarser layers; dark layers sharp 
at base; colour bands 	cm thick. 

	

66 	297 	 12 	cm Clay mud, yellow-brown; abundant 
calcareous foraminifera; calcareous 
worm tube, plant debris at surface; 

	

12.-15 
	

Sandy mud, yellow-brown; frequent 
fine pebbles grey sandstone. 

	

67 	374 	().. 19 	cm Clay, yellow-brown, abundant calca- 
reous foraminifera; irregular, 
light grey mottling; brown colour 
banding at 9-19 cm; base sharp; 
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Depth of 
Core 	Water 
No. 	(Metres) 

Description 
(Top to Bottom) 

19- 59 cm Clay mud, grey, no apparent bedding 
sand fine to medium, quartzose; 
i cm dim., angular gypsum fragment 
at 49 cm; light brown sandy mud 
layer at 53 cm, 

0- 15 cm Clay mud, yellow-brown, slight dark 
grey mottling in .lower 7 cm; few 
calcareous foraminifera; base sharp; 

15- 16 	Sand, orange-brown, fine to very fine; 
closely packed; base sharp; 

16- 47 	Clay mud, grey, no apparent bedding; 
hematite-red, fissile claystone frag-
ments, 2-1 cm, at 16-18 cm; grey-
claystone fine pebbles throughout, 
rare; trace grey sandstone fine 
pebbles. 

0- 15 cm Clay mud, yellow-brown, no apparent 
structure; abundant calcareous 
foraminifera; 

15- 17 	Muddy sand, yellow-brown, medium to 
coarse, fairly well sorted, sub-
angular to subround; quartzose. 

0- 13 cm Clay mud, yellow-brown, well-defined 
grey laminae at 6-13 cm, structure-
less at top; few calcareous 
foraminifera;  

13- 88 	Clay, dark grey, interlaminated and 
thinly interbedded with beds of 
slightly lighter colour throughout; 
bedding flat; bases of dark layers 
sharp, grade upward to lighter beds; 
no visible textural differences; 
laminae 1-5 mm beds 5-2 cm thick; 
base sharp; 

88-141 	Sandy mud, grey; no apparent bedding 
few light brown pebbles throughout. 

0- 27 cm Clay, yellow-brown, structureless 
at 0-12 cm; 12-27 cm mottled and 
streaked with grey mud spots; 
some slightly lighter coloured 
mottling, probably burrow fillings; 

27- 44 	Clay mud, dark grey, thin-bedded, 
flat; some dark and light colour 
banding, at 35 cm; slight fine and 
very fine sand content increases to 
10% at base; base transitional; 

67 
	

374 

68 
	

352 

69 
	

298 

70 
	

279 

71 
	

452 
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Core 
No 

Depth of 
Water 
(Metres) 

71 452 

72 336 

73 186 

44- 66 cm Muddy sand, brown, fine and very 
fine, frequent fine pebbles; well 
imbricated but vertically undifferen-
tiated; base sharp; 

66-101 
gravelly; 15% dark grey shale coarse 
Sandy mud, dark grey, slightly 

grains and granules; no apparent 
bedding. 

	

90-125 	Muddy sand, grey, coarse; quartz; 
sub-angular to sUb-round; well 
packed; no apparent bedding; 
imbricated; base transitional. 

	

125-133 	Sandy mud, grey, very thinly, flatly, 
bedded; compact;  

	

133.144 	Muddy sand, grey, medium, fairly 
well sorted; frequent fine pebbles 
of grey clay shale, 

	

74 	313 	0- 16 	am Clay mud, yellow-brown, faint dark 
grey mottling;  

16- 21 	Clay mud,yellow-brown and grey, 
interlaminated, flat; laminae 3 mm 
thick; no apparent textural dif-
ference between colours; 

	

21-162 	Clay, grey, composed of dark grey 
and light grey layers in cyclical 
sequence; 'dark layers grade upward 
to light layers, which are sharply 
truncated by dark layers; cycles 
2 mm to 2 am thick; no apparent 
textural variation. 

0?- 17 cm Clay mud, yellow-brown, structureless 
in upper 10 cm; interlaminated with 
dark grey mud at 10-17 cm; base 
sharp; 

17- 39 	Sandy clay, grey, 30% quartzose, 
fine sand; massive. 

0- 10 cm Mud, grey-brown; few laminae of 
dark grey mud; 
Mud, orange-brown, iron oxide-stained, 
compact; very thin, flat colour 
banding by slightly lighter laminae; 
Mud, grey and dark grey, no apparent 
layering; mottled irregularly; base 
sharp;  
Mud, grey, becomes slightly sandy 
at base; sand quartz, fine-very 
fine; no apparent bedding; base 
transitional. 

10- 13 

13- 50 

50- 90 

Description 
(Tor) to Bottom) 
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Depth of 
Core 	Water 
No. 	(Metres) 

Description 
(Ton to Bottom) 

	

75 
	

533 
	

0- 19 	cm Clay, yellow-brown; irregular, grey 
mottling at 10-19 cm; 

	

19- 60 	Clay, grey, finely laminated; 

	

60- 87 	Sandy mud, grey; massive; 

	

87-111 	Clay, grey, massive. 

	

76 
	

398 
	

0- 19 	cm Clay,yellow-brown; 5% fine sand; 
interlaminated with dark grey mud 
at 16-19 cm; iron oxide staining 
in 2 laminae; 

	

19-107 	Clay mud, grey, composed of dark 
grey and light grey layers in 
cyclical sequence; dark layers 
grade upward to light layers, which 
are sharply truncated by dark layers; 
dark layers very slightly coarser. 

	

77 
	

494 
	

0- 30 	cm Clay mud and clay, yellow-brown, 10% 
fine sand at 0-10 cm; inter- 
laminated with grey and iron oxide-
stained layers at 14-30 cm; base 
sharp; 

	

30-101 	Clay mud, grey, cyclically layered, 
layers i mm - 1 cm thick; dark 
layers grade upward to light layers, 
which are sharply overlain by dark 
layers; 

	

101-118 	Muddy sand, grey, few fine pebbles, 
randomly distributed; sand fine-
very fine, round-subround occasional 
granules grey clay shale. 

	

78 
	

395 
	

0- 11 	cm Clay mud, yellow-brown, no apparent 
bedding; 

	

11- 41 	Clay mud; light brown, mottled 
with grey mud; interbedded with 
dark grey mud containing granules 
and fine pebbles of grey shale; 
1 cm thick grey layer at 17 cm; 
4 cm thick layer at 26 cm; very 
fine, flat laminated structures 
visible throughout unit; base 
transitional; 

	

41- 85 	Clay, dark grey, finely inter- 
laminated with light brown mud; 
cyclical sequence of dark layers 
grading upward to light layers, 
which are overlain sharply by dark 
layers; i cm thick layer of very 
fine, clean white sand at 71 cm. 
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79 	188 

Description 
(Top to Bottom) 

0- 7 cm Sandy mud, yellow-brown; frequent 
blebs of iron oxide staining; base 
transitional; 

7- 95 	Sandy mud, dark grey, slightly 
gravelly; dry and compact; no 
apparent bedding; shale, limestone, 
and metamorphic rock granules 
throughout; frequent fine pebbles 
of same composition. 

0- 25 cm Clay, yellow-brown, uniform, no 
apparent bedding; very faint grey 
mottling, as of disrupted bedding, 
at 23-25 cm; 
Clay, grey-brown; grey mottling at 
25-29 cm becomes irregular bedding 
in lower part; laminae 2-3 mm 
thick; laminae are alternately grey 
and brown but do not grade into one 
another; unit is transitional 
between one above and one below; 
Clay, light grey, well defined 
laminae in cyclical sequence of 
darker layers grading upward to 
lighter layers, which are sharply 
overlain by darker layers; layers 
at base thinner and more closely 
spaced (1-2 mm) than at top (3-4mm); 
Muddy sand, grey, quartzose; fine 
sand fraction well sorted; very 
fine sandy mud at 60-65 cm. 

Depth of 
Core 	Water 
No. 	(Metres) 

80 
	

416 

25-30 

30-60 

60-73 
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APPENDIX B 

Textural Characteristics 

of Sediment Samples 
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Sample 	Percent 
Core 	Interval 	by Weight 
No. 	(cm from top) Sand Silt Clay Mid 	0p16 . 0p84 6G* 

1 0,- 4 9 19 73 9.8 4.8 

2 0•- 4 1 17 82 10.2 7.4 

3 0?- 4 2 23 75 12.0 6.9 

3 40.44 10 16 74 9.5 6.1 

4 01, 4 7 15 78 10.0 6.8 

4 9-13 67 11 22 2.8 2.0 9.0 3.5 

5 0- 4 2 16 82 10.2 7.4 

5 24-28 35 27 38 5.8 3.2 

5 40.44 24 26 50 7.6 3.4 

6 0,- 4 2 17 81 10.2 7.3 

6 34-38 20 25 55 8.4 7.4 

7 0- 4 3 13 84 10.2 7.4 

7 26-30 22 28 50 7.6 3.5 

8 0.-4 3 21 76 9.8 6.9 

8 45-49 13 17 70 7.0 3.9 10.9 3.5 

8 55-59 3 57 40 7.0 5.3 10.8 2,75 

9 0-. 4 3 21 76 10.0 6,8 

9 3044 2 17 81 10.4 7.5 

9 64-68 0 '18 82 10.2 7.5 

10 0- 4 3 18 79 10.0 7.1 

10 17-20 2 21 77 10.0 6.8 

10 30-34 2 13 85 10.2 7.6 

Graphic Standard Deviation. See page 52. 
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Core 
No. 	- 

Sample 
Interval 

(cm from top) 

Percent 
by Weight 

Sand 	Silt Clay 0Md Op16 Wp84 

11 0- 4 3 24 73 9.8 6.4 

11 30-34 0 18 82 10.2 7.4 

11 63-66 2 28 70 9.3 6.7 

11 69-72 50 22 28 4.3 2.0 10.4 

12 0- 4 0 15 85 10.4 7.8 

12 30-34 20 24 46 8.4 2.9 

13 0- 4 0 15 85 10.4 7.8 

13 19-23 22 30 48 7.4 2.6 

14 0- 7 2 18 80 10.0 7.3 

15 0- 4 11 34 55 8.2 4.7 

16 0- 4 3 15 82 10.2 7.3 

17 0- 4 2 21 77 9.8 6.9 

18 0- 4 2 21 77 9.8 6.9 

18 40-44 0 26 74 9.8 6.5 

18 70-73 48 28 32 4.6 2.2 

20 0- 4 6 26 68 10.0 5.5 

20 22-26 6.1 2.2 

21 0- 4 7 18 75 9.3 6.5 

21 22-26 0 22 78 10.1 7.0 

22 0,- 4 4 14 82 10.2 7.4 

22 12-16 24 42 36 5.8 7.3 

23 0- 4 53 12 35 3.9 2.4 

23 25-29 50 22 28 4.3 2.0 

24 0- 4 18 33 49 7.5 4.0 

4.2 
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Core 
No. 

Sample 
Interval 

(cm from top) 

Percent 
by Weight 

Sand 	Silt Clay 0Md 0p16 Op84 

24 26-30 30 23 47 7.2 5.8 

25 0i- 4 15 23 62 9.0 3.3 

26 Q- 4 32 18 50 7.6 2.0 

26 30,-33 33 28 39 5.7 2.2 

26 38.42 5 34 61 9.2 5.1 

27 G. 4 7 14 79 9.8 7.1 

28 0,- 4 53 17 30 4.0 2.8 10.4 3.8 

29 0,-. 	4 47 20 33 8.0 5.8 

29 10-14 39 24 37 8.8 2.5 

30 G. 4 40 25 35 5.1 2.6 

31 0.- 4 3 17 80 10.0 7.2 

31 19-23 1 27 72 9.3 6.6 

32 0-,  4 4 23 73 9.6 6.4 

32 10!..14 28 26 46 7.2 2.8 

33 G- 4 2 23 75 9.8 6.2 

33 12-16 44 16 40 8.3 2.5 

34 G- 4 7 20 73 9.6 6.3 

34 19-23 57 16 27 3.7 2.3 

35 Or 4 40 25 35 5.0 2.4 

36 0,- 4 2 36 62 9.0 5.7 

37 0,- 4 7 20 73 9.3 9.7 

37 8-13 53 20 27 3.9 2.4 10.2 4.0 

38 0i- 4 10 28 62 8.6 8.3 

38 22-26 48 20 32 4.6 2.2 
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Core 
No. 

Sample 
Interval 

(am from top) 

Percent 
by Weight 

Sand 	Silt Clay (Ed 0p16 0p84 

39 0- 4 3 30 67 8.8 5.8 

39 40-44 0 23 77 9.8 6.9 

40 0- 4 42 18 40 6.0 2.5 10.4 2.5 

41 0- 4 3 47 50 7.6 5.5 

41 13.17 11 19 70 9.8 6.4 

42 0- 4 3 25 72 9.3 6.5 

42 25-29 24 32 44 7.4 3.4 

42 39-42 36 27 37 5.6 2.5 

43 0- 4 4 22 74 9.5 6.6 

43 15-19 50 22 28 4.3 3.0 

44 0- 4 42 22 36 4.8 2.2 

44 26-30 60 13 27 3.3 1.8 

45 0- 4 3 42 55 9.0 5.5 

45 25-29 37 20 43 6.1 2.7 

46 0- 4 2 23 75 9.5 6.8 

46 13-17 4 27 69 9.6 5.8 

46 24-28 35 30 35 5.8 2.7 

47 0- 4 7 38 55 8.3 4.8 

47 26-30 0 30 70 9.5 6.3 

48 0- 4 3 19 78 9.7 7.4 

48 22-26 42 28 30 4.8 3.0 

49 0- 4 46 22 32 4.8 3.0 

50 0- 4 13 20 67 9.5 4.6 

50 18-22 53 25 22 4.0 2.4 9.0 3.2 
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Sample 	Percent 
Core 	Interval 	by Weight 
No. 	(cm from top) Sand Silt Clay Olte 	0p16 	Op84 8(3 

51 Snapper 67 15 18 2.9 1.7 8.4 3.35 
Sample 

52 0,,  4 9 21 70 9.7 5.1 

52 18-22 2 16 82 10.2 7.1 

53 0,- 4 2 21 77 9.8 6.9 

53 20-.24 0 26 74 10.0 6.3 

53 41-45 40 25 35 5.5 .2.7 

54 0- 4 10 27 63 9.2 4.8 

55 0, 4 3 27 70 9.5 5.8 

56 0-• 4 76 11 13 

57 Snapper 77 13 10 3.6 3.0 5.6 1.3 
Sample 

58 0- 5 3 28 69 9.5 6.3 

58 33-37 47 19 34 8.4 2.5 

59 0- 4 22 29 48 7.7 3.7 

60 0- 4 5 23 72 9.5 6.3 

60 20,24 2 17 81 10.2 7.5 

60 36-40 25 22 53 8.1 3.6 

61 0- 4 21 23 56 8.1 3.6 

62 0, 5 40 25 35 5.2 3.0 

62 35-38 36 20 44 6.4 3,0 

63 0- 4 10 18 72 9.8 6.3 

63 16-20 25 32 33 5.3 4.1 

63 27-31 0 15 85 10.4 7.7 

63 49-53 4 14 82 10,1 7.3 
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Sample 
Core 	Interval 
No 	(cm from 	top) 

63 	86-90 

64 	0- 4 

65 	0- 5 

65 	11-15 
66 	a, 4 
67 	0- 4 
67 	40-44 

68 	0- 5 
68 	15-19 
69 	0- 4 

70 	0- 4 
70 	45-49 
70 	120-124 

71 	0- 4 

71 	40-44 
71 	55-59 

71 	85-89 

72 	0- 4 

72 	34-38 

74 	0- 4 
74 	55-60 
75 	0- 5 
75 	77-81 
76 	0- 4 

Percent 
by Weight 

Sand 	Silt Clay MVid Op16 Op84 

18 25 57 8.5 7,3 

31 30 39 5.8 3.5 
7 30 63 9.5 5.4 
7 29 64 8.6 5.5 
8 27 65 9.2 5,9 
5 18 77 10.2 6.8 

20 25 55 8.4 7.4 
5 18 77 10.0 6.8 

17 20 63 8.8 4.1 
10 23 67 9,5 5.8 

5 20 75 10,0 6.7 
2 8 90 10.6 7.8 

42 20 38 5.6 2.9 
12 11 77 10.0 6,4 

5 30 65 9.8 5.9 
67 13 20 6.4 5.2 10.0 

33 22 45 7.1 2.9 
5 19 76 9.8 6.3 

28 21 51 7.8 2.7 
10 17 73 10.0 5,9 

2 16 82 10.0 7.4 
3 13 84 10.0 7.4 

32 20 48 7.4 2.7 
5 15 80 10.0 7.3 

2.4 



Sample 	:Percent 
Core 	Interval 	by Weight 
No* 	(am from top) Sand Silt Clay Md 	0p16 	Pp84 <!G 

76 46-50 32 20 48 10.0 6.9 

77 0- 4 2 21 77 10*0 7.2 
77 20-30 2 18 80 10.0 7,2 

77 110-114 43 22 35 .5,1 5*9 10+ 

78 0- 4 22 '23 55 8.4 4.0 
78 28.432 10 22 68 9.5 5.1 
78 65-69 9 18 73 1040 5.9 

78 98.-102 3 20 77 10,0 6.8 

79 0•- 5 47 18 35 4.6 2.6 10.3 3,55 

79 51.57 48 20 32 4.5 /*6 
80 0..4 10 18 78 9,6 5.8 
80 53'-57 0 21 79 10,8 7,0 
80 7074 63 12 25 3.5 2,1 10,6 4.25 
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Stream Mouth and Foreihore Samples 

For locations, see Fig. 14 

Sample No. 	Percent by Weight 
Stream Mouth Samples Sand 	Silt 	Clay OM 0p16 Op84 e?G 

A-1 100 0 0 1.7 1.2 2.5 0.65 

B-1 100 .0 0 1.5 0.6 2.4 .90 

C-1 100 0 0 1.7 0.9 2.8 .95 

D-1 60 22 0 1.2 -0,5 4.3 2.4 

E-1 100 0 0 1.4 0.5 2.0 .75 

F-1 100-  0 0 1.8 1.1 2.6 .75 

G...1 90 0 0 1.6 0.5 2.5 1.00 

H.-1 65 0 0 1.2 -2.0 2.5 2.25 

7.-1 93 0 0 1.5 0.5 2.3 .90 

K.-.1 100 0 0 2.4 1.3 3.2 .95 

L-1 85 10 0 2.2 0.2 3.9 1.35 

1,1-.1 95 0 0 1.5 0.5 2.5 1.0 

N.-1 100 0 0 2.3 1.5 2.8 1.15 

P,-.1 95 5 0 2.4 1.3 3.2 1.95 

Q-1 90 0 0 1.4 0.3 2.5 1.1 

R-1 93 7 0 1.9 1.1 3.1 1.0 

T-1 100 0 0 1.8 1.0 2.5 1.25 

Foreshore Samples 

0,-1 87 13 0 2.3 1.4 3.1 0.85 

0-8 83 10 7 2,7 1.5 4.6 1.55 

0!..12 90 7 3 2.7 1.3 3.9 1.30 

-0-13 85 5 0 2.0 0.5 3.0 1.25 



APPENDIX C 

Compositions of Sand Fractions Lighter than Bromoform 

All Sand is Quartz Except as Indicated in this Appendix 





Core 
Nos  

Sample 
Interval 

(cm) 
Grey 

Mudstone 
% Brown 
Mu.d,stone 

% Pyritic 	% Rusty 
Mudstone 	Quartz 

I Band- 
stone 	.Felds.par _ Remarks 

2 0-4 1 (Red) 	6 1% Shell 

3 0-4 1 (Red) TR 

3 TR (Grey) 	1 

4 0-4 TR (Grey) 

5 0-4 2 (Red) 1% .Shell 

5 2 TR (Glauconitic) 

5 .1 3 

6 1 10% Shell 

6 3 

7 . 3 30 'TR 

7 TR 

8 1 

8 2% Wood 
Fragments 

20 1% Basalt; 
TR Meta- 
morphics 

9 3 

10 TR 20 

10 15 3 (Brown) TR Schist 

10.  10 



Core 
Now 

Sample 
Interval 

(cm) 
° Grey 

Mudstone 
% Brown 
Mudstone 

% Pyritic 
Mudstone 

% Rusty 
Quartz 

% Sand- 
stone 	to Feldspar Remarks 

11 

11 

12 

12 

13 

14 

15 

3 

1 

2 

1 

3 

15 

40 

5 

TR 	 1 

8 

22 

20 0-4 1 

20 20 

21 0-4 TR 

21 Clean QUarts 

22 or 	• 

22 2 

23 0.4 1 1 (Glauconitic) 

23 -  3 

24 0.4 .1 1 3 

24 8 2 (Brown) 	1 

25 0-4 10 

26 0.4 1 1 (Rusty) 

26 3 5 1% Basalt 



Core 
No. 

Sample 
Interval 
(cm) 

% Grey 
Mudstone 

% Brown 
Mudstone 

% Pyritic 
Mudstone  

% Rusty 
Quartz 

°L Sand- 
stone 	Feldspar 	Remarks 

26 1 4 

27 0-4 1 1% Basalt 

28 0-4 1 1 

28 15 10 

29 0-4 3 

29 2 (Grey) 
1 (Glauconitic) 1% Basalt 

30 0,4 1 3 1% Basalt; 
1% Shell 

31 0,4 1 

31 6 

32 0,4 1 2% .Shell 

32 1 TR 	. 	 10 
(Glauconitic) 

33 0-4 1 

33 1 

34 0-4 2 5 TR 

34 TR Polished 
Basalt 

35 0-4 30 

36 0,4 5 5 

37 0-4 -TR 30 

1-• 



Core 
No. 

Sample 
Interval 

(cm) 
% Grey 	I. Brown 

Mudstone 	Mudstone 
% Pyritic 
Mudstone 

% Rusty 
Quartz 

1. Sand-
stone % Feldspar Remarks 

37 1 (Brown) 

38 0-4 TR Basalt 

38 TR. (Brown) 

39 0-4 1 30 

39 TR (Red) 

40 0-4 TR 10 

41 0-4 30 

41 1 1% Basalt 

42 3 (Brown) 12 
co 

42 3 1 

43 0-4 2 

43 3 

44 0-4 TR (Brown) 2 

44 1 Clean Quartz 

45 0-4 5 	15 

45 1% Basalt 

46 15 5 

46 15 (Black) 8 

48 0-4 1 25 3 

48 8 



Core 
No. 

Sample 
Interval 

(cm) 
% Grey 

Mudstone 
% Brown 
Mudstone 

% Pyritic 
Mudstone 

% Rusty % Sand- 
Quartz 	stone % Feldspar Remarks 

49 0,-4 2 (Brown) 

50 0-4 .2 3 

51 TR Basalt 

52 0-4 3 (Brown) 

52 TR (Grey) 1% Gypsum 

53 0-4 20 5 

53 2 

53 3 MR (Grey) 15 

54 0-4 TR 

55 2 1* 

56 0,-4 -TR TR 7 

58 0,.4 3 13 

60 0-4 3% Shells 
& Spicules 

60 3 

61 Q-4 TR 212-Shell 
Fragments 

63 2 TR (Red) 

65 0-4 3 

67 0-4 5 5% .Shell 
Fragments 



Core 
No. 

Sample 
Interval 

(cm) 
% Grey 

Mudstone 
% Brown 
Mudstone 

% Pyritic 	% Rusty 
Mudstone 	Quartz 

% Sand- 
stone 	Feldspar Remarks 

68 2 (Grey) 

70 0-4 Clean Quartz 

70 

71 0-4 n 	is 

71 TR 

71 5 

71 Clean Quartz 

72 0-4 10 

72 Clean Quartz 

74 20 1% Shell 
Fragments 

74 Clean Quartz 

75. 0-4 1% Shell 
Fragments 

76 0-4 1% Shell 
Fragments 

76 TR (Grey) 

77 0-4 TR 

77 10 

77 2 

78 0-4 TR (Grey) 



Core 
No. 

Sample 
Interval 	% Grey 	% Brown 

(cm) 	Mudstone 	Mudstone 
% Pyritic 	% Rusty 
Mudstone 	Quartz 

% Sand-
stone % Feldspar 	Remarks 

78 1 

79 0-4 1 (Grey) 

79 Clean Quartz 

80 0-4 50 TR Shell 
Fragments 

80 1 (Grey) 





APPENDIX D 

Compositions of Sand Fractions Heavier than Bromoform 

Figures indicate abundances of mineral 
species relative to total heavy mineral 
fraction, given to nearest whole percent. 
"X" indicates abundances of less than 
one percent. 





Core Samples  

o 
rli 
g 
a) 

1.--'l-I 
0 

M 

a) 
+I 
-I-I 
•1 
rd 
04 

144 

a) 
rd 
-5-1 
Ea 
Pi 
o 

-1-1. 
A 

a) 
-1-I 
-I-1 
01 
0 

1=4 

o 
g 

-ri 
i> 

9-1 

0 
r-I 

o 
+I  
0 

Ti 
-rl 

fri 
fat 

Core Interval 
No. 	(cm) 

rn 0 
o 

t_D r-I 
4-1 	d 	g 

ATJ 	 0 M 	0 

P 

	ct3,4 	 0 
0 m 

M 0 	NA 
CD 	E-1 S

t
a
ur
ol
i
t
e
  

1 0-4 14 54 8 3 8% Siderite 

2 0-4 36 36 10 3 3 7% Sphene 

3 0,4 29 27 8 7 4 3 8 4% Sphene 

3 40-44 1 14 78 2 X X 

4 0-4 24 .69 4 X X 2 

4 9.13 35 10 21 6 8 7 2 1 1 41, Monazite 

5 0-4 17 30 4 23 1 4 

5 24-28 61 13 6 6 X 2 1 X X 

5 40-44 74 10 7 1 2 1 

6 0-4 23 47 5 4 2 .3 3 7 3 

6 34-38 67 10 10 1 X 3 2 1 4 

7 0,4 41 35 4 2 X 1 3 1 1 2 1 5% Chlorite; 
St Siderite 

7 26-30 75 5 7 7 1 

8 0-4 13 60 4 2 X 1 2 1 1 2 

8 45-49 20 54 10 3 1 2 X X 1 3 

9 0-4 73 10 2 1 4 



Core Interval 
No. 	(am) ,1E 

0,4 5 90 2 X X X X X 

30-34 75 9 3 1 2 3 

01-4 18 27 7 7 X 8 X X X 

19-23 63 9 10 1 X 1 1 1 X X 1 

0-7 56 5 5 X 3 1 X 2 X 

0-4 4 88 3 1 1 

01-4 23 51 8 

04 11 78 1 3 2 2 1 X 

0-4 15 62 5 2 X 2 

12. 

12 

13 

13 

14 

15 

16 

17 

18 

4 4 

2 2 

2 1 

2 

X 

4 X 

U) 

(1) 	rd 

& k  8  
CD 

W 	 W 0 

-H 	 -H

- 

	g 
r-I 	U) 	 I—I 	(I) 

rd +I 
-H 	

g 
	r

0 -I 
	f-1 

0 	f-I 	k 

1 O 1-i 	-1--1 	rd 
O -1-1 	0 	-P 	0 

E-1 N4 	N 	N . rn m 

a) 
-I-I 
-H 
-1-1 
rd a .4 

0 
rd 
-H U)  
0 

-.-1 
P 

W 
+I 

tr 
K4 

a) 
g 

-H 

-,-1 
.-1 
0  

0 
+I 
0 

-1-1 a 
41 

18 	4044 	Few grains of black, rounded opaque minerals 

18 	70-73 

19 	Snapper 
Sample 

20 	0-4 

20 	22-26 

5XX1 5 X 1 2 

X 

X 	 X 

	

21 	0-4 

	

.22 	12-16 

	

23 	01-4 

61 11 6 2 2 

58 19 11 2 X X X 2 

73 22 X X 

68 26 3 X 2 

30 43 3 4 X 1 

98 X 1 

67 23 41XX1X 

X X 

X 



1/1 	 (1) 

H 

	

) 	II  Core Interval 
No. 	(cm) 	rt 	t rg 	4' Ni 0 S

t
au
ro

li
te
  

g 	w 

	

Cl) v 	a) H -1-1 ,I 0 g -1
cp
-1 

EO 
-ri  
+I 

	

Pi -.4 	H
,t 

Pi M K4 A gt4 0 r4 

23 25-29 62 22. 5 1 4 3 1 

24 0,-4 18 70 4 2 2 4 

24 26-30 17 17 59 3 X 2 

25 0-4 8 90 1 X X 

26 0-4 14 65 7 3 1 4 X X 1 X 2 'X 

26 30-33 50 47 2 
1 

26 38-42 34 48 5 3 X X 3 X X 
NI 
%.3 

27 0,4 95 3 X X X X X I 
28 0.-4 18 69 7 2 X X 1 X X X X 

28 12-16 23 50 14 3 2 5 .2 X X 

29 0?-4 4 94 X X X 

29 10-14 71 14 3 6 2 2 2 

30 0,-4 15 73 2 2 1 1 X X 

31. 04 24 68 3 X X 1 X X 1 

31 19-23 61 37 1 

32 0-4 28 47 3 2 1 2 9 X X 2 2 

32 10-14 18 65 6 X 3 1 1 1 X X X 

33 04 24 51 6 3 6 6 



S
t
a u
r
o
l
i
t
e
  

Core 
No. 

rd g 	a) a) 13) 	V 	 (1) 	
4.1
0 

H +I -1-1 0 g  

A al 
 P 
-r-1.  

1:4 	•=4 0 r4 

to 

tD •—• 

Interv
m

al 	 h3)  
(c) M 

X 2 1 X1 3 5 

2 4 X 3 6 

33 12-16 54 26 8 4 X 

34 0,4 21 59 11 3 X 

34 19-23 45 22 19 3 3 

35 04 32 51 8 X 2 

37 0,4 36 34 13 4 5 

37 8-13 19 40 26 3 X 

38 0-4 25 56 6 2 1 

38 22-26 45 23 17 2 4 

39 0,4 29 41 7 1 

39 40,44 96 X 2 

40 0,4 38 33 9 1 3 

41 0-4 44 40 4 2 

41 13-17 70 21 4 1 

42 0,4 35 44 5 5 X 

42 25-29 38 35 9 5 

42 39-42 2 63 28 2 2 

43 0,4 24 35 14 5 2 

2 1 X 	1 X 	X 

X 	 X 2 	X 

2 X 3 X 	X 	X X 

3 	X X X X 

X 	3 	 X 

1 2 2 	 X 	 X 

3 1 X 3 X 	 1 X 

2 X 3 2 X 	 X 

4 X 4 XX 	 X 

2 2 

1 	 X 	1 X 1 

2 XX 	X 	 3 

7 X X X X 



Core 
No 

Interval 
(ani) 

2 
tp, 	6 r-I 

rd 	 g 

g
9-1 

(t.4 St
au
ro
li
te

  

CD 4' 

(r

▪  

t 

a) 
-rt 
r4tr 

0 

r

▪  

i O 

0 

0 

P4 

43 15-19 2 74 16 3 4 2 X 

44 $44 40 17 24 4 4 2 2 

44 26-30 54 4 22 2 5 2 2 

-45 0-4 18 71 1 2 3 

45 25-29 38 50 7 1 1 X 

46 04 22 62 4 5 X X 

46 13-17 13 54 12 7 9 X X 

47 0-4 32 45 .4 3 X 3 2 X 2 

48 0-.4 19 34 17 6 14 3 4 

48 22-26 X 76 18 X 3 1 1 

49 0?-01 8 86 3 1 X X X 

50 074 51 16 11 4 1 3 1 

50 18-22 27 45 15 X 6 1 X 3 

51 Snapper 23 7 41 4 9 1 6 6 
Sample 

52 0?-,4 13 56 2 4 1 X X 

52 18-22 43 39 4 6 X X X X X 

53 0-4 26 45 6 3 X 6 X 6 

Ui 

3XXX 

4X1X 

2XXX 

1 X 

X 

1 	1 

X 	X 

X X 

3 

3 	X 2 2 

X 	X X X 

X 

X 

2 12 

2 

1 	 20% Chlorite 

3 

4 X 	X 



53 20,-24 34 47 6 6 5 X X X 

54 41-45 13 74 7 3 

55 0-4 11 59 4 7 2 4 4 2 

56 0-4 21 6 31 24 9 X X 5 X 

57 Snapper 34 15 2 7 17 15 4 3 
Sample 

58 0.5 25 35 8 4 X 10 X 2 4* 

58 33-37 21 58 6 6 2 1* 

60 0-4 12 15 35 8 5 4 1 7 

60 36-40 9 58 19 5 3 1 1 

61 0-4 98 X 

65 0-5 4 1 83 3 3 1 

65 11-15 32 11 33 3 8 4 

67 0-4 20 X 25 8 8 2 2 

67 40-44 9 53 21 6 3 2 

68 15-19 14 5 1 3 

70 0-4 35 4 18 14 8 5 3 

X 

2 

3 

X 

X 

X 

X 

X X 

2 3 2 *Blue-
green ca 
horn-
blende 

1 * n n,  

3 2 

1 

X 

1 

5 2 19 

1 11 

X 2 1 1 71 

6 	 4% Enstatite 

cQ  ) 	o N  g 

Q --tii  8-. -I-I Core Interval 1 H 
rd 0 
	

0 
k +1 

No. 	(cm) 	r1.-- k 	0 gli l° -ii 4 S
t
a
n r
ol
it
e  

g 	a) 
a) 	-0 	a) 	a) 	0 

H +1 -T-I a) g +1 +1 1-r( 
rd 	

co 
PA 

0 

0 +I 
-,-i 
b) .4-I 

 
'd 0 

0 	 -,-1. 	 H Pi fd 
M 'MI  A it4 0 r4 0 



 

a) 

S
t
a
u
r o
l
i
t
e
  

0 
I'd 

N 0 
al 	a) 	'd 	 0 	0 	a) 

-1-1  
Id 	

Ed 
Pi 
0 +1 

-rt 
t)) 

I> 
•H 0 

rid 
-34 	

-1-1 
D 
H 

0 P4 -t-t g H fa, td 
M 1:4 A K4 0 Pi r.) 

Core Interval 
No. 	( cm) a 
70 120?-124 31 39 9 10 7 1 2 

71 0-4 30 13 20 15 10 

71 40-44 57 1 8 13 11 

71 55-59 13 36 8 16 7 2 2 12 

71 85-89 6 41 10 6 2 29 

72 18 1 56 7 5 1 7 

72 34-38 6 44 37 11 

74 0-41 10 14 2  4 1 2 2 65 

76 0-4 17 3 27 6 8 2 1 1 1 32 

77 0-4 21 X 21 17 10 6 2 2 4 10 X 2 2 

77 36-30 12 73 13 

77 110-114 7 23 53 6 2 

78 50 17 7 3 3 1 5 4 6 2 

78 28-32 12 72 4 2 2 .2 

'78 6569 23 17 5 5 2 6 10 

79 99 X X 4 

79 51-57 23 37 16 7 4 1 

80 0,4 14 X 7 3 5 3 2 1 58 

80 70-74 16 7 11 10 8 6 7 18 13% Biot ite 



Stream and Outcrop Samples  

Sample General 
Now 	Location 

g 
-IA 

l  0 	
.-I 
-1-1 

0 	 - 	
0 

S P4 fd O
. 	H +2 

1-4 0 CD a 	-1-I 
M N N S

ta
u

ro
li
te

  

0 
TS 

Ti  0 Ti 	0 0 

ri 	

.4-1 
-.-1 ra 

a a) 
+1 
-r-i 

-.A 
+I 
O 
-ci 

$4 	id 	0 	b) 	-1-1 	-r-I 
0 Pi -1-1 g H P4  
M I*4 P K4 0 r4 S

il
li

m
an
it

e
  

A-1 

A-2 

A-3 

A-4 

11,5 

A-7 

F-6 

F-9 

G-4 

G-9 

S-10 

H-8 

J,1 

Beaufort FM. 26 19 6 20 1 12 6 10% Leucoxene 
m 	a 	59 9 4 7 11 1 1 2 
If 	 a 	55 14 3 10 6 2 4 4 

" 	m 	59 4 3 3 11 10 6 . 2 1 

n, 	m 	42 9 8 20 3 1 11 

" 
	 1, 	

44 5 20 7 10 3 2 7 

Stream, 
Isachsen 	43 33 6 9 3 3 1 

Outcrop, 
Isachsen FM. 44 30 Z 18 2 1 

m 	N 	57 22 4 14 4 X 1 

Stream, 
Isachsen FM, 57 26 2 10 4 

Outcrop, 
Isachsen FM, 58 6 23 4 3 2 1 1 

Outcrop, 
Christopher 5% Basaltic 
FM, 	65 X 4 3 2 2 X X Hornblende 

Stream, 
Isachsen FM, 4a 3 23 3 20 5 1 X X 



rd 

a) 
-H 

(El 

0 
E4 

a) 

-.
H  
4 	

+-1 
0 	+I 

N 	- r/3 

g 	CD 	0 	1-1 -8-1 -1-i 
I-I 	(0 -I 

	
0 

o 
	I1 
	4 
	 - 	 - 

0 	Cl) 
Ti 

V r-I
-.4 	

1 
g  
:1) 	Cl) 	V 	 CD 	0 

i> V 
-H 

-I-1  
gi 	

Pt 0 -H 

M
0 10.1  - 

A  
H 

0 0 
1-4 R4 

I*4 	Ic 	 tx.1 S
il

l i
m
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LIST OF FORAMINIFERAL SPECIES IDENTIFIED FROM BOTTOM SAMPLES 

Identifications by G. Vilks, Bedford Institute of Oceanography. 

Adercotryma qlomeratum 

Cribrostomoides crassimargo  

Cribrostomoides jeffreysi  

Astrononion gallowayi  

Biloculina  discus 

Buccella frigida  

Buccella  sp. 

Bulimina exilis  

Bulimina  sp. 
Bulimina  sp. A 

Cassidulina is1andica  

Cassidulina norcrossi  

Cassidulina teretis  

Cassidulinoides  sp. 
Cibicides lobatulus  

Cibicides  sp. 

Cruciloculina ericsoni  

Dentalina frobisherensis  

Dentalina pauperata 

Dentalina  sp. 

Elphidium bartletti  

Elphidium clavatum  

Elphidium orbiculare  

Elphidium  sp. 
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Eponides tenera  

Fissurina marginata 

Fissurina semimarqinata 

Fissurina  sp. 

Fissurina  sp. A 

Globiqerina pachyderms 

Globobulimina  sp. 

Hyperammina friabilis  

Hyperammina  sp. 

Lagena flatulenta 

Lagena leavis  

Lagena lateralis  

Lagena meridionalis  

Lagena  sp. 

Lagena  sp. A 

Lagenidaer  Gen*  sp. Indeterm 

Miliolinella chukchiensis  

Nonion labradoricum  

Nonion zaandamae  

Nummoloculina  sp. 

Nummoloculina  sp. A 

Nummoloculina  sp. B 

Oolina caudiqera  

Oolina costata  

Oolina  Cf. O. costata  

Oolina hexaqona 

Oolina melo 
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Oolina Cf. 0. melo 

Parafissurina arctica  

Parafissurina  sp. A 

Proteonina atlantica  

Proteonina sp• 

Psammosphaera  fusca 

? Pvrqo williamsoni  

Quinqueloculina arctica 

Quinaueloculina seminula  

Quinqueloculina  sp. 

Quinqueloculina  sp, A 

Quinqueloculina  sp. B 

Recurvoides turbinatus  

Reophax curtus  

•Reophax quttifer  

Reophax nodulosa  

? Reophax  sp. 

Robertinoides  (?) charlottensis  

Saccorhiza ramosa  

Spirillina vivipara 

Spiroplectammina biformis  

Textularia torquata  

Tricoculina  sp. A 

Trochammina •lobigeriniformis  

Trochammina  nana 

Trochammina quadriloba 

Trochammina sauamata 
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Trochamminella atlantica 

Valvulineria arctica  

Cassidella complanata  

Virgulina fusiformis  


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page

