DEPARTMENT OF THE INTERIOR
U. S. GEOLOGICAL SURVEY

ANALYSIS AND INTERPRETATION OF ICE-DEFORMED
SEDIMENTS FROM HARRISON BAY, ALASKA

By
Steven A. Fischbein!

Open-File Report 87-262

This report was prepared under contract to the U.S. Geological Survey and has not been reviewed for
conformity with USGS editorial standards and stratigraphic nomenclature. Opinions and conclusions
expressed hercin do not necessarily represent those of the USGS.

'Geology Department, Califoria State University, Hayward, CA



Ahstract .. ceccaacanasnossennnnnns

AckrnowledgemeniS.vsasncascanansas

Introduct IO e casssonsss=

iocatio

Frevioy

1

o~
=

and Geclogic Settiing

Work...one.

cf Investigation.....

f ot udV . ceanannansssa

Covre Examination

General Geology

T

he Coa

—

=

tzl

Flain

The Shelfuiciaaenn

Benevral Cor

Discussion

=]

e

cript

Frocedure...

ions and Env

Environmenis of Depesition...

Ice Felated Deformat ioNee.ssea

Ice Sediment Interaction.....

Glacial

]

A Exzample of Preserved

Lake Agassiz:

tLate Figistocene

EBasin-
SUMMATY ...
Conclusions
Appendix A.

References

Canada: An

[

x = = &

= &« x 2

= = 5 =

tted

ronments of Depositi

Ice GoudeS...aea.

t acustrine Sediments of

Alternative

ii

Interpretat

the

ion

Ontari

o



Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figurs
Figure
Figure
Figure
Figure

Figure

L& .

ik,

2. Side Zcan Sconar Image...

d4a a

General Locality Map...

OBeiailed Localitly Map..

imiboom Seismic P

nd b. Core V13,

Sa and b. Lovre V-14,.

fa &

nd &, Tors Y-15..

7a and b. Core V—1ié&..

Za and b. Core ¥-17..

Fa and b. Core V-15..

ida

1&a

- -
i 7
= i =

12a.

I8k,

17.

20Ca-

and b. Core V-19%,
and b. Core VY-Z0.

3 e

t’f";. =

L
L]
2
v}
~3
m

and

and h. Lore V-ZZ.

T
b
93]

and b. Core

&
]

and b. Core

il

and b. Care V-5
Core V—Fi . inaenns
Comparison Cores
Comparison Cores
Zhelf Profile and

b. c. Ice Gougs

rofile.nencacas

]

from

from

sismic Frofil

Guadalupe

Guadalupe

v}

Nelta.

Nelta.

Facies fAssociations..

Deformation

Model o ...

21. Schematic Drawing of Ice Gouge Frocess.

iii

10

13

15

16

18

19

20

22

23

25

26

27

29

30

32

35

36

37

39

42



Morth Ssa Ice—-Deformed Sediment

Ice Gouge Intensity Fap.......

Ice Gouged Sediments From Lake Agassi

foud
™
h

iv

2]

Gouged Sediments From Laks Onfar



ABSTRACT

The surficial sediments present on the continental
shelf off the north coasit of Alaska in the vicinity of
Harrison Bay consist dominantly of fine grained sand:
s5ilt. and mud that were deposited during Holocene time.
Depositional environments in Harrison Bay range from
outer shelf to preodelta and delta front.

Ice sediment interaction has overprinted structural
deformation on many of the sediments present in Harrison
Bay. and has in some cases obliterated the original
lithologic continuity of the sediments. Ice related
deformation ranges from simple loading features to more
complex folded and faulted structures. A hypothetical
model has been proposed which relates the type of
deformational features found in recent sediments from an
ice impacted area to the process of ice gouging.

The deformational structures observed in the
sediments from Harrison Bay were cCompared to
deformational features found in sediments from ancient
enviraonments that are known to have had floating ice
present. The results indicate that structures found in
the modern environment bear a remarkable similarity to
structures found in the ancient environments. and that
the structures found in the ancient environments are
believed to have been caused by the process of ice
gouging.
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work to the end.
INTRODUCTION

Depositional processes on high latitude continental
shelves are obscured by the presence of pack ice for at
least three—fourths of every year. The role which the
ice plays in influencing the sediment deposited on the
continental shelf is not vet fully understood. although
many ideas have been formulated. One ice-sediment
interactive process known to occur is that of ice
gouging or ice ploughing. The internal deformation of
sediments associated with this process is little known
and is the main topic of investigation in this report.

LOCATION ANMD GQEOLOGIC SETTING

The study area is located off the northern Alaska
coast between 150700" and 1327 00" west long. and 70730"
and 71700" north lat. in the Beaufort Sea off the
Colviile River delta in Harrison Bay (Figure la and b).
Water depths in the study area range from approximately
two meters near the Colville delta-. to 20 meters in the
northern part.

The coastline in the study area is being eroded at
the rate of approximately 2.5 m/yr. except for the
eastern, active part of the Colville Delta: which is
accreting (Reimnitz et al., in press). This erosion
creates coastal bluffs that are typically 2 to 3 m high
but may reach a height of & meters (Reimnitz and Barness
1974; Reimnitz et al.: in press). The line of bluffs is
broken by the impingement of several river systems whose
general morphological character consists of low
prograding deltaic mudflats at the river mouths
(Reimnitz and Barnes, 1%74). The coastal plain is an
area of low broad relief capped by tundra vegetation.
This coastal plain is underlain by Tertiary to
Pleistocene and Holocene moraines. glaciomarine
deposits. erratic—bearing gravel. eolian sand: gravel-
sand and silt (Black. 1944:; Payne et al.. 1951: Carter.
1983k .

The continental shelf in the area is generally flat
and remains shallow for a considerable distance from
shore (Reimnitz and Barnes. 1974). A detailed
examination of shelf topography shows it to be extremely
rough on a small scale. The small scale morphological
character of the shelf is dominated by the presence of
long linear criss—crossing grooves produced by the
grounding of ice keels below pressure ridges (Barnes et
al., 1984). The grooves are characterized by troughs
and ridges that are typically 1 m deep and 7 m wide
{(Barnes et al.. 1924): altithough some may reach 10 m deep
and 30 m wide (Barnes and Rearic. 1985) (Figure 2}.

The surface sedimenis on the shelf are dominantly
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Figure 1b. Detailed locality map of Harrison Bay
showing bathymetry (2 m interval), core localities.
ships track line, and location of side scan image and
seismic profile in figure 2 and 3. Vessel track line is
labeled A—A’ and corresponds to shelf profile in figure
19.
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Figure 19. Shelf profile along ship’s trackline and
coring transect (A-A’) showing core localities and
hypethetical facies associations.
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interbedded with the muddy fine sand of the upper
offshore. Shoveward of the 10 m isobath to
approximately the 2 m isobath is the prodelta
environment characterized by partially laminated very
fine grained sediments (Figure 19}). and shoreward of the
2 m isobath is the deita front environment that is
characterized by thin horizontally laminated interbeds
of clay. sand, and organic detritus (Figure 19}.

ICE-RELATED DEFORMATION

The literature on ice keel deformation of the
seabed is sparse {(Reimnitz and Barnes. 19743 Barnes et
al .. 197%9: Reineck and Zingh.: 19280} . HModels discussing
the formation of ice gouges are abundant {(see previous
work sectioni. however no models discussing seabed
deformation associated with ice gouging have been found.
The following hypothesis is proposed for tce-related
deformation.

The process of ice gouging. regardless of genetic
form {(that is either pack—ice related or ice—berg
related} leaves evidence in the stratigraphic record in
the form of either the preserved gouge or the
deformation associated with the process of gouging. As
an ice keel plows through the seabed: it leaves in its
wake a groove cut into the soft sediments of the ocean
floor. As the ice keel passes through the sediment. two
forces are acting simul taneously upon it. The
horizontal force acting as the transport mechanism
(iee.: wind: curvrents. rotation of the ice pack, etc.)-
and the wvertical force based on the weight of the ice
supported by the seabed due 1o graviiy. In Figure 20a.
Ya represents the volume of ice above the wmaterline when
the ice is completely buoyant f{equilibrium}. and Vb
represents the volume of ice below the waterline at
equilibrium. The mass of the ice above the waterline
when the ice is not moving can then be represented by Fa
where Fa={(Va x density of sea ice} x gravity. and the
mass of the ice below the waterline can be represented
by Fb where Fb=(Vb x density of seawater — density of
sea ice} x gravity. The net force exeried downward
{(Fnet) then will be equal 1o Fnet = Fa-Fb. Fnet = 0
when the buovancy forces acting on the ice below the
materline balance with force exerted by the mass of the
ice above the waterline. HBecause of the density
differance bhetween ice and water the ice floais with
approximately 1/5th of ifts volume above the waterline
{kovacs and Mellor. 1%74: Gross. 1932).

In the rcase where ice is touching the bottom
{(Figure Z20b}. Va becomes Va + some newly exposed volume
{(Ynew) above the water after touching the bottom. here
called Vi. The force then acting above the waterline
{Fa) becomes Fa = {{Va + Vnew} x density of sea ice x
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Figure 20a through 20c. Graphic representation of
hypothetical model of ice gouging. A) Floating ice. Fa
equals Fb so net force = 0. B) Ice touching bottom: new
total volume exposed above waterline is V1 (Va + Vnew),
Fa is not equal to Fb and the net force, Fnet, is
greater than O by the amount of mass in Vnew. C) FPbot
is pressure exerted on bottom by ice keel. This model
can be likened to a woman standing in high heels, large
weight distributed over small surface area creates great
pressures.



gravity): and the force acting below the waterline is Fb
= {¥h — Vnew) x [{density of seawater}) — {(density of sea
icerd x fgravity). The net force acting on the bottom
in this case is Fnet = Fa—-Fb where Fnet will be >0 by
the amount of mass in Vnew.

If we now consider the net force acting on the
bottom and the diseqguilibrium between the size of the
ice mass relative to the size of the ice keel contacting
the bottom we can see that the forces acting on the
bottom from a grounded ice keel can be tremendous. To
look at this esxample in terms of pressure. let™s call
the pressure exerted on the bottom as Pbot. Fbot then
becomes Phot=Fnet/surface area of the ice keel touching
bottom.

fi tvpical cross—sectional dimension of a pressure
ridge is roughly 35 m wide at the waterline and the
width of the keel is roughly Z m at the bottom (Keovacs
and Mellor. 1974}. These proportions can be likened to
a woman wearing high heeled shoes. The large mass of
the woman distributed over the very small surface area
of the bottom of the high heel creates extremely large
pressures. In the case of the ice keel. the large mass
of ice above the waterline distributed over the small
surface area of the keel touching the bottom creates
great pressures. In this case. the pressures sxerted on
the bottom by such a geometry are great. certainly
eviough to deform soft ssediments.

There are obviously other factors that play a role
in the deformation of anv substrate, but this discussion
is only a basic explanation and the inclusion of other
factors here is bevond the scope of this report. For a
more in—depth analvysis of the physics and ice forces
refer to Kovacs and Mellor (19743 .

In all cases: except where ice just touches
bottom: some type of subsurface deformation probably
occurs in soft sediments. The combination of loading
by the weight of the ice: coupled with a horizontal
translation. caused by transpori processes. plows the
seabed at the surface: and may result in lateral
suhsurface movement of relatively soft and mobile
sediments in response to loading pressures exsevrted by
the ice keel.

Deformation caused by ice keel overlpading should
range from simple load structures to more complex folded
structures as seen in <ores V-13 {(Figure 4b. arrow 4},
V—15 (Figure &b. arrvrow 3). V-146 (Figure 7b: arvows 1 and
2} V=17 (Figure 2b: arrvow 1). V-182 (Figure 9b.: arrow
2} VY-20 (Figure 11lbk. arrows 2 and 3). V-21 (Figure 1Zb:
arrow 2). V=55 (Figure 1é&bk: arrows 1 and 3}, and V-7&
{(Figure 17, arvow 2} . If an ice keel comes to rest on
the bottom, simple loading will occur through the
pressure exerted by the weight of the ice. The
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resulting structures may be flame structures. ball and
pillow structures or dish structures. seen in cores V—13
{(Figure 4b. arrow 4). VY-15 {Figuvre &b: arvow 3. V-21
(Figure 1Zb. arrow 2)}. and V¥-55 (Figure 1&b: arrow 1.
If the grounded ice keel is subseguently moved: then a
squeezing of the soft sediment below and away from the
keel may occur and the result may be simple asymmetrical
folds seen in cores V-1& (Figure 7b: arrow 1 and 2},
Y—-17 (Figure 2b. arvow 1}. ¥-12 (Figure %b. arvow 2}-:
V-20 {(Figure 11lb. arrows 2 and 3}. V-21 (Figure 12k,
arrow 3}. V-55 (Figure 1&b. arvow 3}: and V-7& (Figure
17, avrow Z). pointing away from the bottom of the ice
gouge: much like tooth pasite sgueezed out of a tube
{(Figure 2Z1). Because the sediments are soft (fine
grained and unconsol idated): the tendency for the
material teo flow is high and the result should be
elongation {(thickening) of the folds in the hinge area
and thinning along the limbs (Billings. 1972). In
actual cases of ice gouged sedimenits. a combination of
iopading and folding can be seen (Cores V—-1& (Figure 7b-
arrows 1. Z: and 3. V-17 (Figure Zb- arrow 1), V-12
(Figure 9b. arvow 2}, VY-20 (Figure 1lb. arrows 2 and 3);
V—-21 (Figure 12b: arrows 2 and 3). V-55 (Figure 1&bs
arrows 1 and 2}, ¥-7& (Figure 17: arrvrow 2 and 3).

The cores in this report provide examples of ice
deformed sedimentis. however. the observer is limited to
a 12 cm wide. unoriented cross—section through sediments
that are known to be ice gouged. This makes the
anbservation of large scale or continuous structures
difficult. Figure 22 is a hypothetical cross—section
through ice gouged sediments based on model
considerations and cores. Figure Z3 is a sketch of core
V—14& from this study that might have been taken from an
area not unlike Figuvre 22. Figure 24 is a photograph of
a wider core taken through ice deformed sediments on the
North Sea tidal flats and could also have been taken
from an area of deformation modeled in Figure 22.

ITE-SEDIMENT INTERACTION

The cores analyzed in this study have offered a
unique opportunity to observe the effects of ice
sadiment disturbance by drift ice on a high latitude
shelf envirvonment. The ftransect of cores intersects
zones with different intensity of seabed disvruption by
ice. This situation has allowed us to observe the
deformation of several depositional environments
associated with varying degrees of ice—disturbed ocean
bottom.

Figure 25 is a map of ice gouge intensity (a
product of maximum gouge depth. mayimum gouge width: and
gouge density per kilometer? in the study area with the
locations of the coring sites {(after Barnes et al.:
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Figure 21. Schematic drawing of ice gouging process and
related deformation of sea floor that may occur
(modified after Barnes and Rearic, 1985). It is the
author’s belief that the sediments below the gouge would
tend to flow away from the bottom of the gouge causing
asymmetrical folds that are elongate (thickened) in the
hinge areas and thin along the limbs. resulting in the
apparent lengthening of lamina or bedding.
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Figure 22. Schematic drawing of hypothetical

cross—section through (preserved) ice gouged sediments.
Heavy lines in cross—section are preserved gouge
troughs. Refer to text for explanation.



Figure 23.

zZones in core.

Figure 24.

Sketch of core V-1&, highlighting deformed

Note similarity
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Compare this Figure with Figure 22 and

in deformational strucures.
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1984y, It can be seesen that gouge intensity is low
shoreward of the 10m isobath {(Barnes et al.. 1984).
Gffshove of the I0 m isobath ice gouge inftensity guickly
increases and varies from medium to very high {(Barnes et
al .. 1924} .

The variability in ice gouge intensity has been
reiated to variability in ice cover (Barnes st al.s
i9284Y. Onshore of the i m isobath is the zone of fast
ice: an essentially stationary ice canopy that acis as
an extension of the land {(Reimnitz et al.. 1978). Few
winter gouges form in this area as ice movemenis arse
rarve. At approximately the 10 m isobath: an inshore
stamukhi zone forms during early winter where the
stationary fast ice and the moving pack ice mest
{(Reimnitz et al.. 19733 Barnes et al.. 1984). Grounded
first year pressure ridges develop at thizs bkoundary andg
actively scour the boitom as the pack rotates westward
{Reimnitz et al. 1272: Bavnes et al. 1924).

Conseguently the intensity of ice gouging increases at
this boundary {(Figure 25). Gouge inftensity is variable
and decreases slightly offshore of 10 m until
approximately the 20 m isobath {(Barnes et al.. 1734}
where ths major stamukhi zone forms (Reimnitz st al.s
1972y . The grounded ice ridges of this stamukhi zone
are believed responsible for the highest ice gouge
intensities encountered on the shelf {(Barnes st al.-:
1924 . Intense gouging continues out to approximately
the 40 m isobath and then decreases sharply bescause
fewer ice keels can reach the bottom {(Barnes et al..
1984 .

Coves V-13 and 14 were taken from water depths of
i m and 15 m respectively. Deformation in these cores
is concave downward and is attribuied to penetration of
the core barrvel (Figures 4b. arrow 3. and Sb: arvow 2}.
Zmall scale load features are present (Figure 4b. arrow
4} which is this author™s belief result from
overpressuring by grounded ice. In geneval. these cores
show little ice—-related deformation and this correlates
with a decrease Iin ice gouge intensity in these water
depths (Figure 235).

Coves V15 through 17: 53 and 55 taken from the 13
m fo 7 m depth range {(Figure 1b). are believed to
display intense deformation caused by ice gouging.
Contorted and folded bedding. and loaded contacts are
dominant. Rip—up clasts {(Figuves &b: arrow 1: 7b. arrow
3> Bb. arrow 3} as well as truncated and offset bedding
{Figures 7b, arvows 1 and 2 Sb: arvow 1; 146b: arrow 3}
are present. In general. internal core stratigraphy is
obliterated {(Figure 7b}. Here the intensity of possible
ice related deformation cores corresponds to their
position within the inshore stamukhi zone. The inshorse
stamukhi zone extends from approximately the & m isobath
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to the 12 m isobath {Barnes et al.:1984). and cores
extracted from this zone display the most intense ice
relatesd deformation. V-55 shows the smallest degree of
deformation {(visual estimate is less than 15X of corel
of cores from this area and most likely lies just
inshore of the most intense ice turbation.

With the exception of core V-20. cores V-12 through
23> all from water depths less than 4 m display little
or no ice gougs rzlated deformation. Internal
stratigraphy within each core is cohsrent and consisis
dominanily of horizontally laminated sands: silits: and
muds. These cores were gxtracted from the area that is
covered by the fast ice Canopy. It might be sxpected
that little or no deformation is present in these cores:
because there is little or no ice movement for most of
the winter (Barnes et al.. 1984}, and any deformation
may possibly be related to sither shoreward ice push
during winter, or to grounded ice during spring
bBreak—up. & fzw lpaded contacts are present {(Figure b
arrow 1. 1ib. between arrows 1 and Z: 1Zb. arrow 2} but
fruncated laminations and bedding are probably related
to hydraulic processes rvrather than ice. Core VY-20 from
1.5 m of water and only 3 Em from the delta is the
anomaly for this group of cores. A box fold is present
in the upper half of the core (Figure 1ib. arvow 2} and
an overturned fold occurs in the lower half (Figure 1ib»
arrow 3. This author believes that these folds
rerpesent rare ice related disrvrutptions.

If ice deformation of primary sedimentary
structures occurs in the Heaufort Sea: as suggested by
my obserwvations. then ancient analsogs of ice gouged
sediments may be preserved in the stratigraphic record:
and should be recognizable on the basis of their
structural deformation. Two esxamples of environments
from the litesrature known to have had floating ice
present suggest the presence of ice gouged sirata.

SLACIAL LAKE AGASSIZ: AN EXAMPLE OF PRESERVED ICE
GOUGES

The preserved lake plain of former Glacial Lake
Agassiz in southsrn Manitoba. eastern North Dakota. and
western Minnesota around the Red River Valley displays a
lake bed surface morphology that is characteristic of
present day sea floor morphology in heavily ice gouged
areas of the continental shelf off the north slope of
Alaska {(Clayvion et al.. 1F&£5).

Lineations in the Lake Agassiz plain are itypically
characterized by ridges and troughs averaging 53 m wide
and 2 m deep {Horberg. 1951} and bear a unigue
resemblance to ridges and troughs on the sea floor off
the north slope of Alaska. where ridges and troughs are
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typically 3 m wide and 1 m deep (Reimnitz and
Barnes: 1974y. In both instances. lineations may be as
long as several kilometers.

Horberg (1%51) was first to observe and
characterize the ridges and iroughs on the Lake Agassiz
plain. Horberg hypothesized that the ridges were formed
by either fracture filling between blocks of lake ice,
or as ftundra ridges due to grounded ice wedges. Colton
{1958) stated that the ridges were the result of frozen
ground structures formed during the retreat of the late
Wisconsin ice sheet,. and based his hypothesis on the
occurrence of periglacial involutions. fossil ice
wedges. and polygenal and nstwork soil patterns.
Clayton et al. (19465 reinterpreted the ridges and
troughs as being ice—drag marks resulting from the
grounding of floating (glacial} icebergs. GHerhard
{1920} also interpreted the ridges to be the result
grounded ice. Dredge {(1921}): Fenton et al. (1923}
Mollard {(1983). and others have interpreted the
lineations present on the Lake fAgassiz plain to be
ice—drag features.

Horberg®s earliest observations also documented the
pccurrence of deformation below ridges and troughs on
the Lake fAgassiz plain. His original description is as
follows:

“"Folded lake <lays occur 3-8Ft below the
surface for a distance of about 25ft.
Asymmetrical folds with dips up to vertical
could be traced from one side of the ditch
across ifs bottom to the other side. The
largest fold has a height of at least Aft.

Other deformed zones a few hundred feel away are
separated by areas in which the clay appears to
be horizontal. At this locality it is difficult
to explain the deformation other than by the
former presence of grounded ice.®

Fenton et al. (1923} documents the presence of
preserved cut and fill structures and folds in the
deposiizs of the Lake Agassiz plain. The cut and fill
structures are believed to be preserved -2 gouges below
the present day surface. and the folds are believed fto
be a direct result of jce overloading. An outcrop
sketch by Fenton et al. {1983} can be seen in Figure 2&.
Mollard (1923) presents the occurrence of large—scale
folds and cut and fill sitructures for his hypothesis for
the lineations being caused by icCe Scour.

The aforementioned surface morphology and
structural features from the lake bed of Blacial Lake
Agassiz are similar to those reported here from ice
gouged sediments on the continental shelf off the North
Slope of Alaska.
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Figure 2&4. Outcrop sketch of preserved ice gouges and
associated deformation from the Lake fAgassiz plain.
(From Teller and Clayton: eds. Fenton et al, 1983).
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The documented occurvence of asymmetrical folds
below the large cut an fill features on the Lake Agassiz
plain by previous researchers supporis my hypothesis for
the itype of deformation that may occur in the process of
ice gouging. The similarities between the Beaufort
Shelf surface morphology and core siratigraphy with Lake
Agassiz surface morphology and sediments supports the
interpretation that the feature=s preserved in the Lake
Agassiz plain are paleo ice gouges and that these
features may be characterized on the basis of the
sedimentary and deformational structures associated with
them. The ability to trace litholegic units between ice
gouges on the Lake Agassiz plain, in contrast to the
lateral discontinuity in the Beaufort Sea. suggests a
lower intensity of ice gouging. oOr more rapid
sedimentation in Lake Agassiz. The lack of preservation
of laterally continuous lithologic units in the Beaufort
sea may reflect vapid rewovrking in relation to the rates
of sedimentation.

LATE FLEISTOCENE LACUSTRINE SEDIMENTS OF THE ONTARIO
BASIN. CANADA: AN ALTERNATIVE INTERPRETATION.

lacial and postglacial sediments exposed in the
cliffs along the Scarborough Bluffs at Lake Ontarioc:
Canada consist in part of hummocky and swalsy
cross—stratified sands contained within a
glaciolacustvine complex composed of fine grained
sediments (Evles and Clark. 1984&).

The rocks: locally known as the Ton Beds. represent
sediments deposited on the floor of a glacier—dammed
laks during early and middlie Wisconsin time (Eyles and
Clarvk. 19846). The sedimentary structures shserved in
the locality are described as subparallel undulatory
cross—sirata with low angle terminations and truncations
that are sither convex—up or concave—up defining a
hummock ov a swale respectively. The structures appear
to be radially symmetrical and have wavelengths up to 4
m and heights up to 40 cm. Laminations along the top of
the hummocky forms are typically truncated and mantled
By symmetrical wave ripples and mud drapes. In many
cases these bedforms are in erosional contact with
similar bedforms above and below. These siructures
commonly contain ice-rafted dropstones and in some cases
are reported o display convoluted and deformed bedding
{Evles and Clark, 193246). A typical outcrop and sketch
can be segen in figure 27.

These deposits are interpreted to have formed as a
result of sedimentation below storm waves that entrain
large volumes of sand: and that hummocks may be very
large post—vortex ripples with individual laminations
representing pulses of ligusefaction. suspension. and
sedimentation of sand by a single storm wave or wave
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train (Eyies and Clark, 1924). Eyles and Clark state
that the precise hydrodynamic setting and evolution of
such deposits are not fully understood. but believe that
they must result from strong oscillatory flows. or at
least oscillatory dominant combined flow (Eyles and
Clark. 198&£).

fAn alternative hypothesis for the developmeni of
the hummocky and swaley bedforms present in the
Scarborough Bluffs suggests these sitructures may in part
result from ice gouging. The palesoclimatic setting at
the time of deposition of the uniis certainly favors the
presence of flpoating ice. and is in part confirmed by
the presence of dropstones.

The preservation of well defined cut and fill
structures below which are deformed. laminated
sediments: coupled with the presence of floating ice
suggests the srigin of these unusual siructures could be
related to drifting ifce keels. Ift may be that some of
these features are derived from sitorm generated waves:
but the loaded nature of underlving contacts. and the
deformed character of the ssdimenis involved: as well as

o

the similarity to described localities of known ice
gougsd sediments (Fenton et al.. 1783}, give sirong
avidente in faveor of ice disrupted sedimentation in the

AVE3 .
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SUMMARY

The relative intensity of disturbance cCaused by
grounded ice seen in a transect of sediment cores can be
directly correlated to patterns of mapped ice gouge
intensity in the same area. and the ice gouge intensity
can subsequently be corvelated to areas of greatest
pressure ridge develsopment.

A hvpothetical model based on the ssadimentological
characteristics of cores in this study has been
developed for the deformation associated with the ice
gouging process. Sofit sediment deformation in areas
where ice gouging is dominant is believed to rangs from
simple load sitructures to move complex folded and
faulted bedding. This deformation has been depicted
schematically in a2 hypothetical cross—sectional model
{(Figures 21 and 22).

The data gathered in this study have besn compared
to ancient rocks from areas where floating ice was known
to be present. Deformation in sediments documented in
the ancient envivronment correlates to deformation
ahserved in the modern analog and is beslieved to fit the
hvpothetical model.

Furthevrmorse. sediments and sitructfures in the
Ontario Basin believed to have been devived from storm
gensrated currenits have been compared to cores and
abservations in this study. An alternative
interpretation of those sedimentary structures proposed
here is that they are the resull of gsediment disturbance
by drifting ice.

CONCLUSIONS

The sedimenis investigated in this study have a
complex depositional history that has in many cases been
overprinted by deformation caused by the process of ice
gouging. The fact that ice-sediment interaction plays
an important role in the develaopment of deformational
structures is evident from the cores analyzed in this
study.

1. Ice related deformatiown has been presserved in
recent sedimenis from the study area.

2. Ice related deformation can range from simple
load structures to complex folded and faul ted
structures.

3. The intensity of ice related deformation can be
tentatively correlated with mapped trends in ice gouge
intensity.

4. Lithologic. textural. and structural criteria
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normally used to classify sedimenis to a depositional
environment may be entirely obliterated if ice was
present during deposition or prior to lithification.
Areal extent of one laterally continuous lithelogic unit
is probably greatly influenced by the relative intensity
of the ice gouging process.

5. Deformational features found in ice gouged
sediments are unusual enough to be used as a bass
criteria for the identification and interpretation of
ancient ice—deformed sedimenis. and two sxamples have
been used ip illustrate and support this argument.

This has heen a preliminary investigation:
in—depth experiments on the formation of ice reliated
deformation. and exhaustive field work to find more
examples inn the stratigraphic recovrd have not been
conducied. Emphasis in future studiss should be
concentrated an working laboratory models of ice
gouging-. and extensive field wovrk should be conducted fo
ascevitain i1f other examples of preserved i{ce gouges and
the associated deformation exist in the ancient rock
recovd.

H
H
H
H

AFFENDIX A

CORE DESCRIPTIONS

CORE V-13EB

Corve V-1ZE located at 70744.3" north latitude,
I50722.1" west longitude in 19 m of water.

O—-1C cm is composed of clay: green to green grays
massive. burrows and pelecypod fragments present. Sand
interbeds and laminae scattered with contorted contacts.
Sand is pink: clear: and translucent. fine to very fine
grained guartz. Hematite {(limonite 7! staining common
in =and.

1G—-14 om is sand. pink. clear., and translucent
guariz.: commonly with Fe oxide stain., fine to very fine
grained. scattered medium grains and shell fragments.
Mud balls common in this unit. composed of green to gray
clav.

16-19 om is sandy <lay. gresn to green—-gray-
pelecypod fragmenls common: upper and lower contacis
daformed.

19-25 cm is clay and sand interbeds. Clay is green
to green—gray. massive, slightly mottled, sand is fine
to very fine grained clean guartz. Bedding and contacts
very irregular and contorted. deformed.

Z5-3% om is clay. green to green—gray. sandy in
part with shell fragmenis common. massive., upper contact
deformed.

3F-4% cm is sand. pink. clear: and transiucent:
fing to very fine grained guartz. horizontally
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laminated: upper and lower contacts deformed. loaded.
49-%Z1 cm is sandy clay: massive. upper and lower
contacts deformed.

51-53 om is clay. gresn to green gray. massive,
deformed contacis.

3-5% om is sandy clay. visibly laminated in upper
4cm. laminations slightly deformed: some possibly
truncated: lower 2 <m IS massive.

59-41 cm sand lense sxtending upward at 30 degrees
and in 3 om into sandy clav. contacts irregular.

&£1-74 cm is sandy clay. scatisred coarse sand
grains and pebbles: rars pelecypod fragmenis: some
distorted laminations in upper part. slightly mottled
with jrregular pockets of sand or pebbly mud. Lower
contact visibly deformed.

FL-EB7 om is composed of interbedded clay and sandy
clay. laminations well defined: and in places highly
defarmed. very tight recumbent fold in the middle of
this section. deformation may be a result of coring
disturbance.

CORE V—-14
Core ¥-14 located at 70741 .5" north latitude:
7 west longitude in 15 m of water.
O—-%.5 om is composed of silty sandy clay. slightly
e

1
¥ 11

15072

F

> no distinct bedding: brown to brownish—-gray.
.3—11.5 cm is composed of sand. fine to very fine
grained with abundant pelecypad fragmenis and pebbles.
Upper and lower contacts deformed. {(loaded 7.

11.53-43.3 om is composed of clay. dark to drab
gresn: and brown, silty in spots but with random
arisntation. massive in core and peel. faint bedding and
laminations visible in radiograph. highly deformed in
spots. some actual offset observed in laminations on
radiograph. ZSZlight edgs deformation due to coving.

Overall character of core is coarsening upward.

CORE V15

Tore Y-15 located at 70737" vorth latitude. 150727¢
west longitude in i2.4 m of water.

0= om is composed of sand. fine to very fine
grained with silty matrix: no visible bedding in core or
peel. but large burrow evident on radiograph from O to 4
cm. Burrow has cleaner sand of same grain size. Sand
is relatively homogeneous with cleaner sand in lower
part. Lower contact is highly deformed.

F—14 cm is clay: gray to green:. massive: very sandy
in part {pocketsT}. LUpper and lower contacts deformed.
14-12.5 cm is sand: fineg to very fine grained;
silty matrix. laminated: wmith some laminations truncated
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just below upper contact.

I2.5-20.5 om is a lense of clay. green o gray and
massive.

20.5-23.% om is sand: fine grained and admixed with
sandy clay. moderately well laminated:, some shell
fragments present. upper contact with clay lens is
highly deformed {(loaded}. lower contact only moderately
deformed.

23.53-2% cm is a lens of clay- green to grays
massive.

253-29.5 om is sandy clay. gray fo greenish: sSome
laminations visible on radiograph near top contact.:
moderately deformed. shell fragmentis visible on
radiograph and in core.

29.5-31 cm is sand:. very fine grained, silty
matrix. upper and lower contacts highly deformed.

2141 -m is clays. gray fo green. massive. Some
laminations evident in lower part. all laminations are
dJeformed giving a distinct mottled appearance on the
radiograph-. laminations not visible on core. but are
faint on psel.

41-44.5 om is sand: fine fo wvery fine grained:
moderately well laminated: possible ripple cross
laminations In upper part. Upper contact also
deformed.

44 .5-4&£.5 cm is sandy clay: gray to greenish.
grading inte sand in lower part.

446,550 cm is sand: fine to very fine grained:
silty in top part grading into clean sand in bhottom:
steep angular cross laminations are ftruncated at uppser
contact. Large block of moderately clean sand is
apparent on radisgraph: howsver the same area appears
only deformed on peel. Laminations in block are
horizontal.

50-31.5 om is clayvs. green to greenish gray-
massive: upper and lower contacts highly deformed.

51.5-535.5 cm is sand and sandy clay. clay pockets
opresent. highly irregular and deformed upper and 1ower
contacts.

35.5-&2.53 om is clay and sandy clay. green to gray
and dark gray. massive esxcepit where very sandy: two
Ix4cm blocks of sandy clay are visible on the radiograph
in the middle of this section. Blocks are well
laminated and rest together with great angular
discontinuity. upper contact highly deformed: Iower
contact slightly deformed.

£2.5-77.5 cm is sand and sandy clay: sand is wvery
clean. dark gray-. and appears to be tightly folded: very
fine grained. The sandy clay occupies the inside of the
fold. The sand also contains scattered pebbles and
shell fragmenis.

77.5-%7 .5

d om

-
[

m is compesed of highly deformed sandy
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clay and sili, gray ifo dark gray. sand is very fine
grained. Some sandy pockets. Deformation appears to be
the result of core removal.

Core Y—14 located at 70734£.3Y worth latitude-
190722.2" west longitude in 11.5 m of water.
0-Z% om is clay. dark green to drab: massive in

core. some bedding in peel. appears mottied on
radiograph. Sandy in part with sand occurvring in small
pockets.

5-47 com is clay. sandy clay and sand laminae. Clay
is dark green to brown. massive in core and peel,
Iaminated in radiograph. ZSandy clay is green to gray in
core: gray in peel. massive in core. some structure is
evident in peel: laminated in vradiograph. Sand is fine
to very fine grained guartz with silty matrix. massive
in core: laminated in peel and radiograph. This portion
of core is exitremely disrupted and deformed.
Deformation is best expliained by coring effects since
much of the greatest deformation occurs at core edge.

47-5C cm is sand, brown to grays. fine fto very fine
grained: laminated. deformed.

50-42 cm is clay and sandy clay. Clay is dark
green to brown. and gray: mottled in core and peel-
Iaminated and deformed in radiograph. Sandy clay is
green o gray in core and peel. laminated in core and
peel. laminatsd and deformed in radiograph. Upper and
lpwer contacts of this unit are deformed.

L£2—97.5 om is composed of clay and sandy clay
with sand pockeis. Tlay is green to gray-.- massive in
core. laminated in peel and radiograph. ZSandy clay is
light to dark gray. massive in core laminated in peel
and radiograph. This section of core is extremely
dJeformed. Some small scale folds esxist as well as
numerouns shear planes and offset laminations. Folds and
gffzset are best visualized on radisgraph. Deformation
is probably not coving related as some overlying units
are relatively undeformed.

CORE W-17

Core V-17 located at 70734 north latitude.
1507282 west longitude in 2.5 m of water.

O—-10 om is clay: dark green-. massive in core: but
slightly silty in part: vertical structure visible in
radiograph may be a reiic burrow or some itype of coring
disturbance.

10-10.5 cm is a lens of light grav. fine grained
sand: appears 1o be the fterminating point of vertical
structure mentioned above.
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1G.5-20.5 cm is clavy. dark green. massive- with
very fine grained: laminated silty sand pockets.
faminations in sand pockets are deformed.

20.5-23.53 om is clay. dark gresn. massive. some
contorted laminations visible on radiograph.

2E2.5-24 om is sand.1light gray. very fine grained:
silty., deformed.

24—-40.5 om is clay. dark green: massive in Cors and
peel. highly deformed in radiograph-. sandy in part:
scattered pelecypod and gastropod shell fragmentis.

43.53-47 .5 cm is clay and sandy clay. Clay is green
to gray. faint bedding in core and peel. deformed in
radiograph. Sandy clay is gray. laminated in core and
peel. highly deformed 1n radiograph. This unit grades
down into sand and clay interbeds.

47 .5-&£2.5 om is sand and clay interbeds. Sand is
gray: fine to very fTine grained. laminated. Clay is
green to gray. mosily massive but mottied in part. This
unit has a highly meoitled appearance due to the highly
contorted nature of the sand/clay lamination confacts.
Some deformed lenses of sand are also present.

A2 5467 .3 om is sand: gray-. very fine graineds
silty. deformed.

H£7.5-74.5 om is clay. dark green o gray. massive
to horizontally laminated: some contacts deformed.

F4.5-7%F.5 om is sand: fine o very fine grained,
very silty matrix. laminated. Two small blocks of this
material rest inside this unit with an angular
discontinuity of laminations. and appear to be blocky
intraclasts or vip up clasts.

FF.5-82.5 om is clay. green. faintly laminated.
daformed.

SZ2.5-84.5 om is interbedded very fine sand and
silt: and clay. Laminations in this unit are deformed
and sheared: and offset is apparent on radiograph.
Contacts highly deformed.

24.5-23.%2 om is composed of interbeddsed clay and
sandy clay. FAppears massive Iin corve: some bedding in
peel. Laminated and deformed on radiograph. Small folds
and shear plane with offset are visible in bottom of
core on radiograph.

Core ¥Y—18 located at 70733.2" north latitude:

ID0°27 .9 west longitude in 3.3 m of wmater.

G—-17 cm is composed of sand and clay interbeds.
e sand is gray. fine to very fine grained. partially
oxidized: hovizentally laminated. The clay is medium to
light gray-. silty in part: hovizeoentally laminated.
21 ight edge deformation due to coring.

i7-18 cm is clavy. gray. massive in Ccore: laminated
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in peel and radiograph: upper contfact deformed.

18222 cm is clay. sandy clay. and sand interbeds.
Zand and clay as above: horizentally laminated.

F2-23% ¢om is sand. gravs very fine grained. ripple
cross lamination which are truncated at upper contact.

2325 om is clay-. greenish gray- massive.

25-24.5 om is sand and organic interbeds. Sand is
gray-. fine to very fine grained. lenticular with
laminations fruncated against sdge of organics.
Organics & light to dark brown and black. fibrous plant
material and detritus.: lensoidal.

25.5-28.5 cm is sand: gray to light gray. fine io
very fine grained. siliy:. horizontally laminated with
some laminations approaching crossbedding. erosional
upper contact with unit above. markedly angular.

22.5-32 om is sand and organic {(peat) interbeds.
and is as abowve but truyncates horizontally laminated
ganics. Organics consists of partially sxidized
compacied fibrous plant dsbris.

3E2-4C.5 om is hovizontally laminated sand: clay-
and organic interbeds. The sand is gray. fine to very
fine grained. disseminated organic component to grains:
silty in part. horizontally laminated. Clay is green to
gray- faintly laminated: rich in organics. some wholly
organic laminae.

40 . 5-41 cm is peat:. horizontally laminated with
slightly deformed lowsr contact.

41-41.3 cm is clean sand: wvery fine grained,
arizontally laminated.

41 . F-43.3 ©m is peat: gresn fto dark brown and
black. some Coal possible: horizontally laminated.
highly deformed lower contact.

4Z.3-50 cm is clay with minor sand and organic
interbeds. Clay is green o gray. massive in core;
faintly laminated in peel and radiocgraph. Organic
content of clay is high (25-30X) and is very visible on
radiograph.

20-51 om is sand. gray-. fine {0 very fine grained:
silty: ripple cross laminated. Cross laminations are
truncated along uppey contact.

51-55 cm is sand. light gray. fine to very fins
grained: siliy matriz: horizontally laminated with
abundant erganics. Organic laminations truncated by
sand bodvy.

3554 cm is clay-. greenish gray. massive:. grading
downmward into sandy clay and clay.

546-5% om is clay and sandy clay with minor
interbaedded arganics and sand peods. Clay and sandy clay
is green to gray. slightly mottied. horizontally
laminated: =mall organic compenent. Small sand pods are
fins grained: silty. well laminated: and show up on
radioggranh as well laminated blocks and angular chunks

[Ny]
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suspended in the clav.

59-77 cm is clay. dark greesn to gray: massive in
core: well laminated on radiograph. Some lamination
contacts show minor deformation {loading?)> minor
organic component.

77-72 cm i=s peat: green to brown and black: some
=nal possible. compacted, well laminated.

728—-111 cm is Zlay and sandy clay. Clay is gresen fo
green gray. massive in core and radicgraph. minor
organic componsnt. appears highly bioturbated on
radiograph but no buvrvrows can be discerned. Clay grades
downward into sandy clay. Sandy clay is gray. massive:
also appears bioturbated: but no burrows evident. Sandy
clay in this unit grades tp clayey sand along it°s
bottom contact. Ohvious overall finivg upward
Saquence.

1311-312.5 om is clay. greenish gray. massive.
deformed upper and lower contacts.

112.5-1192.5 cm is sand. gray-. fing grained. silt
and clay matrix. high organic content: massive.

119.5-1448 om is composed dominantly of clay with
one large structure in it composed of sand and organics.
The sand is gray- fine grained and interbedded with
compactied fibrous plant debris. {(grasses?). The
sitructure forms a partial fold with the laminations
being vertical in relation to the core at the top of the
structurse. and tapering off to about 30 degrees in the
bottom part of the structure. This siructure is
suspended in a body of clay and has no similar
iithologies above or below 1t. The clay surrounding
this structure is green to gray: massive in cove and
radiograph- but has a high ovganic content that appears
to be rootlets of grasses and plant stems. The organics
incorparated into the clay do not form any corude
bedding-. buti do: howsver: appesar to be in growth
position. There is also no evidence of bioturbation in
this section: but it is highly suspect.

Core VW-20 located at 74731.4" north latitude:
19G727.5" west longitude in 1.5 m aof water.

0-9.5 om is composed of sand: brown to dark browm-
gxidizeds: fine to very fine grainsd. hovizontally
moderate te well laminated.

F.5-10.5 om is sand: medium fto dark brown. fine to
veyy fine grained: interbedded with fibrous organic
matter. vipple cross laminated with cross laminations
truncated along upper contact.

i0.5-1% om is sand: dark gray fto browmn: fins
grained. silty. interbedded with ovganic debris and

cpgal: hovizontally laminated. rganic matier is a
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component grain in the cas‘.

15-24 cm is sand. clay and organic interbeds. The
sand is light gray. fine grained: has a silt and clay
matriz: horizontally laminated. ©Clay is green o gray-

massive in core. fainitly laminated in peel-. well
laminated in radisgraph. The srganic laminae are dark
brown to black. well laminated fibrous organic matter.

2H-40.5 om is sandy clay interbedded with organics.
The sandy clay is gray: with fine to very fine sand:
well laminated with davk brown fibvrous organic
interbeds,. This section of core is highly deformed into
a box fold like struciture. The structure is most
visible o the peel: but does show up on the radiograph.
The gitructure is concave up and is meost likely not the
result of coring.

40.5-47 .5 cm is clay and organic interbeds.

Jrganic interbeds in this sectisn are large and averags
I om in thickness. are brown: and have a large coal
component. All laminae in this section are affected by
deformation in unit above. and show a concave up
struciure.

47 .5-59.5 om is sand: gray to brown: fine to very
fine grained. some organic component and interbeds:
highly deformed laminations.

57.5-70.5 om is of sand and clay interbeds. The
sand and clay is as above. but the inferbeds are highly
deformed into a structure that resembles a recumbent
fold. The fold is ifruncated along a shear plane just
upwards of its axis. and holds a great resemblance to a
thrast plane. This structure is sxitremely well defined
in both the peel and radiograph.

70.53-27.3 om is sand. gray to brown. fine to very
fine grained, massive with a distinct mottled appearancs
onn core. peel and radiograph. This section shows many
irregular truncated planes and appears highly deformed:
although no consistent lamination planes are pressent.

827 .5-122.5 ocm is composed of sand: sandy clay: and
silt and organic interbeds. The sand and sandy clav
sccupy the upper 3 cm of ithis unit and are medium io
light gray with very fine grained sand. moderately
laminated with litile deformation. This sandy clay
grades down into sili. green to gray-. and brown. with
dark brown fibrous organic interbesds. This unit is!
modevately well laminated and shows no deformation other
than edge effect due to coving. Several sets of
asymmetrical ripole marks with cross lamination syist
with the cross laminations on all sets being truncated
along their uppeyr contact.

b

i
i

CORE V-1
Tove Y—21 located at 707ZEZ .2 north latitude.

62



1517 .01" west longitude in 4 m of water.
9—1 om IS _Qmpased of clay., light gray. massive.

~3& cm is sands ight brown to gray-. fine to very
fine gra;ned= s1lty mat*:x well laminated: highly
deformed. scattered clavyballs. This unit is highly
deformed. with a struciure resembling a large fold in
the top 12 cm. Laminations around clay bodies show
evidence of flow: minoy falds throughout unit. Faint
ver%éral burrow can be seen on radiosgraph.

—37 ©m is cClay- gray. massive.

_?—su cm is sand. medium grays. fine grained with
silty matrix. well laminated. slightly deformed.

2-41 om is clay. sand. and organics. Clay and
sand as above: srganics are light brown to brown and
Black. some coal sevident. well laminated.

41-£2 cm is clav: gresn 1o gray: massive: partially
mottled on radiocgraph.

L2570 cm iz sands: gray-. fine to very fine grained:
poorly laminated. highly deformed upper and lower
contacts {ioaded?).

Toa-F2 cm is clavy. gresnish gray. mostly massive
with some motiled texture in radiograph.

72-77 om is sand: fine grained. silty matrix- some
lamination apparent on radiograph: highly deformed lower
cantact.

ll
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F7-28% om is clavy and sand interbeds. Clay is gray
to green-and massive. Zand is grav: fine grained. very
silty- faintly laminated: laensoidal.

83-%1.5 cm is clay. green to gray: massive with
Some sandv pockets.

Z1.5-F2.% ¢m is sand. gray. fine grained. siltiy,
faintly laminated: upper and lower contacts slightly
deformed.

?2.1- 3.5 om is clay: gray. massive.

F3.5-96 cm is sand: gray to brouwns. fins to very
fine qr%sﬂej silty, fainitly laminated: lenssoidal.

FE-117 om is clay. gray: partially laminated in
upper and lower pari. moitled o massive in remainder.
Upper and lower contacts slightly deformed.

117-11% ¢m 1s sand. gray. fine grained: silty:
massive. upper and lower contacts deformed. with lower
contact highly deformed

i19—121 cm is <lay. gray to green. massive. Llpper
contact highly deformed, lower contact undeformed.

121-122 em is sand. gray: fine grained: silty-
massive.

122-137 cm is clay: greenish gray. mostly massive
bt has some evidence of faint laminations in upper and
lower part on radisgraph: some minor shell fragmenis.
137140 cm is sand: gray. fine to very fine
grainsd, ssltv in part: well laminated. highly deformed:
=2 partially folded.
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140—-15% cm is cliay-. green o gray-. massive: some
evidence of faint laminations on radiecgraph: highly
deformed upper and lower contacis.

155157 cm is clay with abundant organics. Clay is
gray: and massive. Drgaﬂiis are disseminatsed peat and
plant stems or small twigs

1I57-177 cm is compo seﬁ ef ciay {as above}) mith
=mall organic rich pockeis and interbeds. PFoderately
laminated with some deformation along lamination
contacts.

CORE V22

Core Y-Z2 located at 70732.5Y novth latitude:
15067539 .4 west 1aﬁgstude in & m of water.

O—-12 cm is composed of siliy sand: medium fo 1ight
gray- fine to very fine grained. scattered shell
fragments and mudballs: faintly laminated.

12-87 cm i= sand with intermixed organics. The

and is brown dark gray- fine to very fine grained;
very =ilty: hi g? organic component as grains {coall-
well laminated: highly deformed. @Organic intevbeds are
very fing fibrous pian debvs’e compacted: well
iaminated. deformed. his unit shows an unusuaal
structure in its middlie. The structure is composed of
steeply dipping laminations dipping in different
directions aboul a cenitral axis. Hear the central axis
the laminations dip 1955 and approach horizontal.
Several vipple cross lamination sets are prevalent in
this unit: and are subsequently deformed by this
structfure. Below this siructure is undeformed
horizontal laminations.

27-82 <m is clay. green. massive. with some shell
fragmentis.

SE-92 <m is sand. brown to gray. fine to very fine
grained: silty, small organic component. horizontally
laminated.

F2—-1184 «m is sand and clay interbeds. The sand is
Browmish gray. fine grained. silty. faintly laminated.:
deformed. The clavy is gray: generally massive but wmith
some faint lamination. laminated in radiograph.

114-3170 cm i= composed of sand. clay-: and organic
tnterbeds. The sand is gray to brown. fine to very fine
grainsd. wvery silty in part. horizontally moderately to
well laminated. high organic component to grainss
sevaeral seits of ripple cross lamination apparent. Thse
clay iz gray-. massive with a moderate organic component.

-

The corganics ares well laminated: highly abraded plant

,4..
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debriz and coal. including twigs. grasses: plant stems:
and psat. One organic rich lamination contains a twig 1

cm o in diameter. A vevitical burrow 45 cm long is present
in this anit and <an esasily be seen on thes radiograph as
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well as the peel. The burrow has caused little to no
disturbance of the laminations that it pensirates.

CORE Y-3Z23

Cove VY-23 located at 707Z2.5" north latitudes
ISGT52.5 west longitude in 1 m of water.

0—-4 om is Ccomposed of sand: brewn to grays. fine to

very fine grained: silty. horizontally laminated.

4=7 cm is clay., grsen: massive.

-2 om is sand. gray. clean. oxidized: fine
grainsd.: horizontally laminated.

S8-1G.5 om is clay. greenish gray. faintly
iaminated: some fine sand laminations.

10.5-15.5 cm is zand: brewn to gray. fine to very
fine grained: silty: horizontally laminated with
undulating contacis.

IS.5-34.5 om i=s clay and organic intervbeds. The
clay is greenish gray: and massive. The organics are
brown fo black. wevry fine: fibrous: horizontally
laminated.

34.5-44.5 cm iz sand. medium to fine grained:
mottied. hbigturbated?. faintly deformed laminae.

44.53-48.5 om is clay and sand interbeds. Clay as
above. sand is gray fine grained: silty, laminated.

42.5-51.5 om is clay and organic initerbeds. Clay
as above: organics are thin fibrous laminae of plant
detritus.

531.5-52 om is sand. gray. fine grainesd:. silty:
ripple crass laminated to horizontally laminated.

52-57 cm is clay-. organics. and sinor sand laminae.
Clay. sand. and erganics as above: horizontally
laminated.

57-&1 om is sand: gray. fine grained: siltiy:
several ripple cross laminated selt with laminations
truncated along ftop contacts aof individual sets. Appear
aglmost as climbing ripple marks.

£1-73 om is clays. greenish gray. massive to
forizontally laminated. minor organic component.

FE3-74.5 cm is sand: gray-. fine grainsd. silty.
massive.

74.5-94£.5 cm is sand and organic laminae. The sand
i= gray. fine grained silty. wmell laminated. The
srgani< matter is composed of brown fibrous plant
detritus: rootlets. stems and twigs. This untt is
dominantly vipple cross laminated with the cross
laminations veflected in the organics as well as the
sand. Most of the cross lamination sets are itruncated
along the upper contacts. The botiom most S5 om of this
unit is hovizontally laminated.

144 om is composed of clay and ovganic
interbeds and laminations. with minor sand laminations.
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The sand. clay and organics are as abowve: but this uanil
is dominanily hg?;zsa%al laminated. Some rvipple cross
lamination does oocur in *he small sand bodies and in
some of the organics.

LEF narth latitudes

m of water.

lay: greenish grays. highly
il fragmenis and

Core V-53 lozated at 70734
150724 .8" west Ec&gi%udp in 13

O~&.5 om is composed =
motiled. bia%urbated?s some she
pebbles.

£.5-19.5 om is sand: gray- fine grained: well
laminated with abundant shell fragments in lowsr part:
upper contact deformed.

19.5~-21.% cm is clay. gresn gray. massive with
distorted {loaded?} lower contact.

21.5-282 cm is sand., grave. fine grained: siliy-
gxidized in part. horizontally laminated.

22-73 om is clay ip sandy clay. mositly massive: but
where sandy shows laminations. Some ripple cross
lamination present: highly deformed in part: some shell
{pelecypod}! fragments present.

FEZ~84 cm is compossed of sand and clay. The sand is
gray: fine to wvery {ine grained. siliy: laminated:
highly deformed. The clay is greenish gray. sandy in
part. laminated. deformed. This unit displays a highly
deformed structure in its center. The structure is
composed of =sand and SthS the flow features around iis
boundaries and in the <lavy. This wmas most 1likely
oroduced by Coring.

=y

£ V-55 lgcated at 707IE.828Y north latitudes
1IB07 28" west longtitude in 7 m of water.

O—-10 om is composed of clay. greenish gray-. massive
to mottlied. deformed.

Mepxt is 3 cm of sand: gray. fine to very fine
grained: silty o clavey. laminated.

i0—14 cm is Tlay. greenish gray: massive io faintly
laminated. =lightly deformed.

14-24 om is Eaﬁd= medium to light gray. fine io
very fine grained, sility. horizo 1taliy laminated: lowser
contact highly deformed.

24—4F cm is clay. gray. massive to moitled. some
parts faintly laminated. biocturbated: slightly
deformed.

[

-

b
bn

49-530 om is sand. gray. fine to very fine grainsd.
silty. horizontally lamgnaieaa iensoidal.

50-24 ©m is <clay. green gray. massive to faintivy
laminated: bioturbated?. Highly deformed in lower part
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of unit with some folding evident.

24-88 .5 om of sandy clay and organic interbeds.
The clay is grayv:. and massive. The organics are brown
to brown—black. fine grained fibrous plant detritus. and
peat. This unit shows some moderats deformation.

E2.5-124.5 cm is clay: green gray. massive to
mottled and faintly laminatsed. bhioturbated?: some minor
interbeds and pockels of fins sand: deformed.

124 . 5-194.5 om is sand and clay interbeds. The
sand is bkrownish gray. fine grained, siliy. laminated,
slightly deformed. The clay is green gray-. massive io

k]

fainily laminated. slightly deformed.

CORE VW-74&

Cove VY-74& located at 70737 norvth latituds-
1507324 .8 west longitude in 10,7 m of water.

0-353 om is <composed of sand. gray. medium to fine
grained. silty in part: well laminated. deformed. This
unit shows a great deal of deformation. The upper
povrtion of this unit displays a dominant concave up
moderaie deformation. The lower portion of this section
displays siteeply dipoing to partially folded laminations
which show some evidence of flow along lamination
tnterfaces: highly deformed. The two different types
of deformation are distinctly different and the Ilower
set of deformed laminations is truncated at the top by
the upper set.

5564 om is clavy: gray to gray—black. partially

%

oxidized, highly mottled. with abundant pelecypod
fragmenis and some complete half shellis.

-

+
£5—F1.5 om is sand. grays: fine grained. very silty.
hovizontally well laminatsd to deformed well laminated.
The upper portion of this unii is composed of
horizontally well laminated silty sand. The 1owmer
poertion of this unit is composed of hovizontally well
laminated z=and that has bessn deformed into a concave up
iow amplitude fold. The laminations along the upper
contact in the loweyr part are ifruncated and the contact
ibkliy dipping. Everyithing above the contact is

is vis

horizontally well laminated and undeformed. A largs

clay block {containing organics! 3x3 cm sits directly on

the contact between the two parts of this unit.
21.5-94£.5 om of clay. gray to grav—black: highly

motiled with a large gastropsd shell
radiograph. bioturbated.

FEHLVS-112.5 om is sand: grays: fine grained: siltys

vigsible in the

massive. deformed lower conitact: some s=mall mud
pocksis.,
11i2.5-113% ©m is <lay-. gray ie gray-black. faintly
laminated. deformed uppery and lower contacts.
115-123.5 om is sand. gray-. fins grained: silty,
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iaminated. d

eformed upper and lower contacts.
I23.5-137 om ¢

“lay:. gray 1o
aray—black. massive
ripple cross lami

y laminated

with several
inated fine grained siliy sand
stringers. slightly deformed
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