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Zce~Gouge Data, Beaufort Sea, Aldska, 1972 = 1980

' By: Douglas M. Rearic, Peter W. Barnes, and Erk Ra;mnayzammnu_ D

INTRODUCTION

The interaction of gea ice with the sea floor is an meortant factor
affectihq geologic processeq on high latitude shelves. ‘One. of the most
"‘bbvious forms of this intErgcnwpm{iS'the formation qf fgrrowflike‘gouges on

: {the sea floor., These gouges are cauéed by wind= and qurrentwdrivem.ice massas

that. rake the seabed with thpir keels.' Stnce the advent of sidemscann‘nq

sonar about 1970 the morphology and characLer of theqe Beabed features have

been undet studya Ice gouges have been reported from the Berihg Sea (Thor and'

[.Nelson, 193&); from the Chukehi Sea (Rex, 1955; Toimil, 1978) ;. from the
.Beaufort Sea off Alnrka (3rooks, 1974: Carsola, 1954; Reimnitz et al., 1972);
- from the Beaufort Spa off Canada (Kindle, 1924 Lewis, 1978: Pelletier and
Shearer, 19721 Wahlgrnn, 979): from the east coast of Canada (Harris, 1974).
‘from the northeaat Atlantic (Belderson et ale, 1973} . and fram the Greét Lakes
(Berksoﬂ and Clay, 1973). - ,J}:"

We have been collecting ice-qouge data in the form of aonogrdphs and
fathograma since 1972, and ninge 1975 preci&iom bathymetry and navigatlon have
been used 4s an aid to our studies. Our initial efforts summarized o o
diséribution and‘qhatacterlof ice gouges (Reimnitz et al., 1973, Reimnitz and
Barnes, 1974;; Subsequently,vmo have focused on describing processes and
rates of processes (Barnes et al,, 1978, Barnes and Reimnitz, 1979; Reamnitz
et al., 1977)¢ In this report we outline the field and office techniques, the
terminology, and the results of an effort to enumerate ice gouge

characteristics from existing sonographic and bathymetric records to form a
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comprehensive set of data ow ice-gouge characteristics on the Alaskan Beaufort

Sea shelf. o

- . _
0ver 2000 kilomefera oy tracklin/ data collected in the Beeufort Sea

betwaen 1972 and 1980 have been analyaed for ice~gouge. characteristics (Barnes

et al.m 1973; Barnes et al., 1980: Kempema en al-, 19Bl; Maurer et al., 1978;

{
: '

Reimnita et aleyg 1979a, 1979b). These traeklines were aelected in order to -

obtain nearly cuntinuous detailed ice-gouge data coverage from Smith Bay to
CAmden Bay, Alaska (Fige 1). Three ‘major environments were covered by thesg

x”records. Harzison Bay. the semi-protected lagoons and sounde. and the

Soffshote shelf areas. The divibion of data into 1-km-segmenta allowed a .

detailed analygis of ice gouging in subuenvironments such as shoals as well a -

i

vgross characterization of shelf gouginq., In the course of‘the projeCt other
: seab«d features such as strudel scours’ (Reimnitz et al., 1974), tick mar?s

o (Reimnitz e; ale, 1973). and sediment waves_and tipples were reqorded and

The comprehensive study of ice'gquqe characteristics has only recently

. been attempﬁéd and the'terminology for these features hag not,beén

. standardized. In this reﬁort the term ice gouge is synomomous with ice score

(Kovacs, 1972), ice scour (Lewis, 1978; Pelletier and Sherarer, 1972), ice

scour track (Wahlgren, 1979), and ice plow mark (Belderson and Wilﬁon,

1973)s The £erminology we use here follows the USage of Barunegs et al,,

(1978), Reimnitz and Barnes (1974), and Toimil (1978), and is diayramed in

figqure 2, A detailed discussion of the range of modifiers for terminology to

cover a rahge of ige-qgouge forms is given in Wahlgren (1979).
hAs we are primarily interested in the effect gouying has un the seabed
rather than in the tools that caused the gouging, we consider each seabed

incision as a peparate gouge evenh when several parallel gouyes may have been
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Figwe 2. Diagram of the typloal gouge meaowerments made from sldé dcan sonar and fathometer records.




. caused S&“Ehe same ice.ﬂogement-evépt or.eﬁén-bybthé mult;ple t9ol§uof a
| ; single ice kéel. This,”along'wlﬁh thé'factfﬁhat we 66unted goﬁges in tﬁe'area .
covered by ouv sonographs rather than only those vrossed over by the: ship,
makes our density values generally higher and unfortunately incomparable 1o

Canadian data (Lewis, 1978; Wahlgren, 1979) or Bering Sea data (Thor and

o Nelson, 1980,

Methods of pétéu0011;ction
The'records Qséd }n thigibxoject Qﬁre[oollecteq from on‘boafd thé
"b.s.g;é. R/V Karluk anle/V'Loon and the U.S.C.é. icebreaker Gxgc;;r;
o '  Bathymetry data collected ih i972 and\1973vweré'recordéd,by'either'a 
fathomegér or a high»resolétion ;eismic system.'yop ﬁhe best of thése.

'fathpgfams we couidﬁresbive.depth changes as small as 30 - Aolcéntimetefs.l.

_.Bathymetry records collected betweern 1975 and 1980 were obtained with a

Raytheon RTT-lOOO dry paper recordinq fathometer using a 200 kHz transducer
for bottom profiling and- a 7 kHz transdncer for subbottom observations to 10 m

below the sea floor (rig. 3)ee Under ideal conditions this system can resolve

features as small as 15 cm. Sonar coverage was avcomplished using a mode)
259+3 EG & G Side-scan sonar recorder and a model 272 EG & G sonay fish using
a 105 kHz pulse (Fig. 4). .The availability and quality of the.sonographs were
major determinants in trackline selection.

Data collection was subject to many types of problems both jinternal and
external. The variation in data sources from year to year controlled the
overall resolution. ‘the variation in quality of records depended on two major
factors: enviromental factors affecting the bathymetric and sonographic
records, and ship and system operational variabilities. Many of the factors

influencing the quality of sonographs in general have been presented by
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Figure 8, Fathogram of an loe gouged seafloor from whioh the measuremonts of gouge depth,

ridge helght, water depth, and subbottom depth were mado. Water depth Ils 88 metera.
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Elgure 4. Sonograph of an loe gouged seafloot from whioch the measurements of gouge donsity,

gouge orlentation, and gouge width were mado. Water depth I1s 20 meatera.




,variability from bperator to operator and from year to year. Because side-

Belderson et al. (1972). Ice influenced the record quality in two unique

waya. (1y floating orx gzounded 1ce acfs as a strong xeflegtor, pr*nting a

strong signal on the sonograph and ofuen blooking the view of the seabed

beyond the ice, (2) on many track lines the presence of ice required the

_ helmsman to 3teer left and right of the track to. avoid the ice, thereby

, causing the side-scan sonar sensor¢ to veer back and forth resulting in an
'unreal sinu051ty to 1inear features on the sonographs. Additional factors
~influencing the sonogrAphic records are depth of tow—fish (insufficxent tow

.depth .decreases resolution of small features syoh” as gouges) and system—tuning

,scan Sonar records represent the.acoustic reflection"properties of the sea

“floor, it is possible that some gouges, infilled by fine sedimenrs, may be

"

visible because\of textural ddfferencea between the' gouge £ (11 material and

-the surrounding sea floor sediments. This problem, howaver, was not
. encountered’ ‘except WLth gouges observed in'the deeper offshore areas (usually

' qrea”er tnan 50=1n eepth). Agaln, due to the reflection process of snnar, the

ori#ntation of.uougeé relétive to the trackline had an effect on the clarity

and resolvability of gouges (Fige 5)s

Typical factors affecting the quality of bathymetric. records are sea

“state and water depth (decreasing signal strength and increasing snund cone

coverage oombine to decrease record gquality and resolution).

Navigational accuracy varied greatly within the data set. Techniques
ranged from dead reckoning to radar to precision range-range techniques on the
innermost shelf. An evaluation of the error has not been made on a line~to=~
line basis but in yeneral the records obtained closer to shore and rore
recently are more accurate, We estimate, at worst, location errors on the

order of 1 kilometer, and, at best, errors of only a few meters.

]
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Flgure 6., Effects of & onu meter swaell and shange in gouge otlontation ( due to a 90 degree course ohangs

at the 800 metor mark ) on the side scan sonar guality.




Methdds of Data Analysis

.-l‘-

' one time as was. possible from our records. After ‘the selection of suitable
tradklines, navigation records were usad to divide Lrackllnes into 1= km

segments (Flg. 6). Using time ticks keyed to navigat;on, the same l=-km

segments. were marked on the sonographs and fathograms (Rearic andearnes,

{

'1980). A data sheet was used to tabulatP gouge characteristics in each

I N “

At the beginning of this project we decided to collect as much data at

segment (Fig. 7). The major ice gouge characteristics of interest are shown

in figure 2. In order to’ minimtze the admzttedly aubject;ve factor in the

observation and measurement of gouge charactgristics, the analysis was,

i

. the study were repeated in an effort to keép»the observations consistent.

foliéﬁiﬁ@ﬂ?re éhe;dath gétﬁered,_the-un;té, and the sourqe“éf information:
| ‘1, Segment”idgpéffication (kmy (navigétion)
2. Distanéé froﬁ the coast (km) (navigation)
3. Averaée orientation (°T) (sonographs)
‘4‘ Origntatian variability. (sonogfaphsj
5. Observed number of gSuges'per aegmenﬁ (sbnographs)
6. Correction factor and gouge density
7. Gouge depth (m) (fathoérams)
8. Maximum gouge depth (m) (fathograms)
9. Maximuwn ridge height {m) (fathograms)
10, Maximum gouge width (m) (sonographs)
11. Multiple gouge incisions (sonographs)
12, Depth to the first reflector (m) (fathograms)

13. Other measurements and remarks

10

. performed by one individual (D. Redor: Qbservations;and cduntS'fxom-ear;yfin
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Figure 6. Looatlon map of the ten navigation plates which were developed to correlate sonay and bathymetric
trecords to the trackline navigation at one kilometer Iintervals., The navigation plates are Included

with the data seot,
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Seo toxt for an
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Explanation of Data Categories

1-‘Segﬁeﬂt§~(Km) inaviqatioh)a—.The segments.of each trackline are 1 km

long. Segment designation ;ettera axe raferenvas to points spaced 1 km apart

with point h beihg the position of the start of ‘the trackline. Point B isy

v

then plotbed l km alang the traqkline frOm point A‘. ‘The weasutements of Start
Time, Start napth Dtstdnce Exom the Coast, and Depth to- the First Reflector
refer to the first point of the segment designation letters in that 1-km’

segment. All other measurements pertain ta data acquired between the segment

'

. ‘points. In segments where less than lﬂkm of asorar record was available (due

to machihe malfunction,.papeﬁ'roll change, etc.), the number of observed

gouges cpuhted was adjusted to a l=km estimate by'simple proportion. Line

.numbers are keyed to year of record.. then to trackline within that year (e.g.‘

4T 39 = trackline Noo.39 in 1977).

2. Distance from‘mhe Coast (km) (navigation).- The mcasuremént was taken

mormal to the coast or a barriér island. No measuréments were taken on

tracklines (or portioﬁs.of them) run in ateas“between the ecoast and.barrier

islands. 'These areas ihcluded-Simpson Lagoon, Steffaﬁson Sound, Leffingwell

Lagoon, and Harrison Bay (Fig. 1). "

3. Average Orientations (91) (sonographs) .~ The average orientation was

measured to the nearest five degrees relative to che trackline by
constructed templates (Fig. 2). Using the ship's course, these relative
orientations were converted to true orientations between 0 = 36097, As the
sense of ice motion is generally unknown, the orientations are not vectors.

They can be represented as either bidirectional or unidireetional, ayg ean the

13




' '

sﬁ;ike of a hed, That is, a gouge with a "measured" orientation of 270°T ig

equivalent to an orientation of 0%0° T'or'ia oriented 270°-090°. © poth a
dominarnt and subordinate orientation was,measuréd when more thqn one trend was

distinguishabie. L ' o o S o

4. Oriehgation vafiabi}ity (sonographé}.m Low, mediﬁﬁ, and high variahxl;ty
of.qauqe'otiengatioﬁJ(L,-M, H)ﬂhaétbeen maﬁimated dsing‘the féllowinéh‘ |
criteria: |
'L - The dominant orientation is virtuélly ﬁh;'only‘orientatioﬁ. Subardinate
orientﬁtion;\may be ébséived”farely grvnog.gt.all.,
M_-ﬂThe dominant En?,subordinaﬁelorientations are approximdtelx evenly
S & o _ . . )
Ndistributed ;n'thglseqment,
B« Tae dominant énd subordinate oriantétions exist but ére not. ekclusive andi

may be only a beét-estimate of many orientations. -

\ . o ' . I\-.

54 bbservéd'Nﬂmber'of Gouqges (sonographé).- The number of ihdividuAL gouge
lrneatiohs identified from the sonar records was recorded for each segment.

6, Correction Factor and Gouge Density.- In order to detetrmine the'gouge

density vormal to the trackline, a correction factor has been applied to the

observed nuinber nf gouges (Barnes et al., 1978; Reimnitz and Barnes, 1974),

R B (N
i sinp + R Cos ' obhs

)

where: N = corrected number of gouyes in counting interval {(gouge density)
Nops © Mumber of nbserved gouges in the segment
(>4
R « recorded wildth of sonoyraph, in meters

(hoth sides of trecord f.e 125%-m scale = 250-m record width)

1 7 length of segmont, 1n meters

14




4
k:

g = domfnant trend angle of qmﬁgeﬂ relative to ship's track

(90° = perpendicular to track)

Lot

The normalizing ‘of the qouqea in each sagment allows us to eompare segments on

. an equal basis and also to evaluate a nuMoer ‘per unit area value for that
‘ !

segmerm. Tha noralizing agsumes all gouges are parallel and infinirely

longs Other investigators have counted only those goudes Prossed over by the

'éhip KLeWis, 1978{. We count all gouqes on a sonograph segment, wyat gouqe

.1ehgth‘isloften short and erientaQion varies. heretore, thﬂ estxmates of

density'we obtain from this technique may Be.hxgh.

1

7. Gouge Depth (fathogzams). The depth of" penetrat*on \"Couge Incision ‘

Depth," Barnes et al., 1978) of iﬁe keels into th(,ueabed ‘(s0e Fig. 2) was
measured along the trackline £rom fathograms and enumerated in 20~cm -

inorements for-each segment. The maximum inqision depth was also reqorded.

Lt : [

In many tases thevreeolution of ehe fathogrems was notigOQd enough to
acgomplish this enemetation;l In areas of considerable seatloor relief due to
the abundance of 1ce gouge ridges and troughs, it .was. often necessary to’
subjectively estimate the level of the undisturbed sea flonr (Fige 3) lGouges
less than 20 em in depth‘cr fhose that were obgerved on the sonar but not on

the fathogram were placed in a category of No Measurement Possible (NWP).,_

8, Maximum 3ouge Depth (m) (fathogram).- The maxifom gouge inmigion depth was

recorded for each segment.

9, Maximun Ridge Height (m)e~ N measurement was made of the highest ridyge in

cach segment from the Fathoyrams. The measurement was made from the adjacent

geafloor depth to the highaest polnt of the ridge (¥ig. 2). Summing the

15




maximum ridge height and maxiwlm qouge depth in aach seqment gives Lhe mnxim

seabed relief from 1ce qouging in each eegmentn

'~10. Maximum Gouge Inciaion Width (m) (sonogxaphs).--A measurement of the.

ma X mum width of a single gouge in ‘each seqment was made from the sonographn
-(Fig. 2)e The tamplate used for orientation corrections was scaled in meters
for 10° incremental orientations to a]low aistance measurements at aill
orientations.f The gouge incision was measuredlfrom insid@ the boundtng uidges'

at seafloor depth, as opposed to a disruption width (Barnes et a]., 1978)

whlch would ino ude the ‘width of tHe bounding ridges. As with orientation,

width measuremenhs are disnozted by horizontal exaqgeration on most records'

and are corrected for the Bonograph dishortions.

1 "
. i

11. Mulﬁiple Gouge Incisions'(sonographé).-'(l) The number of muitiple

incision gouges (Fig. 2) in each seqmenL was no*ed along with (2) the maximum

n"mber of incisions formed by any one event. (3) The maximum disruption width

(Fig' 29 foz the widest multiple gqouge was measured across the gouge from the
furthest edge of the disrupted gediment.s outside the-bounding ridges., (4) The

.dominant orientation for multinle gouge incisioné in eoch gegment may be

different than that for single incisions and therefore was also recorded.

12. Depth to the First Reflector (m) (fathogram).-When posaible, the depth to

ecach subbottom reflectur was recorded from the 7 kHz record of the Raytheon
RIPT-1000 fathograms. On tracklines using only a Simrad Fathometer this

measurersht was not possible.

16




13, Other Meaauramenis'and Remarks.= Pressure ridge qouging, tick marks

' (Reimnitz et alo, 1973) strudel scours (Reimiitz et aly, 1974), shoals ang

. terrace measurements,_ nd other observations of seafloor moxphology were

recorded.

Off Cape Ha)aett (Trauxline 7-39) two additional data measurements were
made to' obtain mozn in:ozmation regarding orientatxon distributions and gouge

spacing. Fo' eafh segment of this trackline the orientation of every.

N
I

indiviﬁn&l gouge was noted and the center line distance between individual

qouqn-ﬁropqhs was measured. _ ' "

il
i

N : _ CONCLUSION

With the completion of thlS data analysis an ice-gougn data set exlqts
"

whicH gives a reasonable estimate of gouge charactnristics in the differént

envi#onmenfs on the Alaskan peaufort Sea. shelf. The format created for the
-{x .
orgahizatxon anﬁ storage of gouge data will allow us to incorporate new data

as {t becomes availahle and to,incraase our data coverage and comparisons to

1 .
othgr areas of the Arotic Seas. "

I
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