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and John c. HampSOn. Jr.

IN'I‘RODUC‘PION
Studiea of guotnchnical prcporuicn of murine sedimentc have zccentiy
_‘intensirlnd as’ tha sonrch for natural resources: hns oxpanded on t.he conti-
ncntal shelf. Thc u. s Gooloqical Survey has bcqun a dctailod evaluat:on
of. geologic cnvironmantal conditions in continental shelf ragions in ordar
“"to facilitate safe davelopmcnt of continantal ‘shalf reaources. lnvestigations --‘ﬁ
of gcohnzards in the northcaatcrn Gulf of Alaska (Fig. 1} bugan {n 1974 when - -
6500 km of high and medium rcsolutiou 3elsmic reflection data wore colluctad 'fﬁ'f:';: e
frqm the eastorn qulf botween Yakutat and- Montague 1aland (Carlson, Bruna_an@-
Molnia, 1975; Von Hueno and othcrs. 1975). The first extonsive nadlmcﬁt saﬁélinq*:-
2 prbdrcm-wnh bcgﬁn.in 19?5 when approximately 400 samplcs of contincntal sﬁclf_ -
Bcdlments waere collected from the same arca af tho gulf {Carlson and othors,"
1977b). A llmlted number of qeotcchnlcal moasuromonts wcrn made.from these
samplas and samplcu colIccted by Bubaaquant proqrams,_however. syntnmntic mcanucc;'_2:?
. mcnt of geotechnirx! propertles wag not startod until the 1977 crulso of the
'NORA ship-DISCOVHRER. Once unstable anvironmcnts or. gcohazurds", such as ulumpchiﬁkf

-and slides, aro delinontcd, gootechnical tasting ls an impcrtant means of quan-

.tifyinq nuch geologic procusses and consequently furthering our undorutandinq o‘r
“then.

Thc purposeq of this rcport are cwo- fotdt lll to report varlatlons of physlcal

' propnrtios in 1 2 meter grnvlty corus cnd {2] to rccognizc any vnriations ln thu
arua) distributlcn ot thnse propertlcs ulthin and. adjncunt to nn aroa of maqs ’_f“ =7

: mqvcmopt:in ;he northcastc;n Gult_of A}anka.- x'
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Geologlic Setting

ihﬁ northeastern Gulf of Alagka 1s_an_a;oa.of hlgh-naisﬁidlty due to
its proximity to the Inter=action of the Pacific and North American crustal
pi_ntaa._' To the west of this area..the Pacific plate is being subducted bo_r_neach
tha_No?th American plate along the Aleutian Trench, to the cast a-strike-slip

-motlpn.pnrsists between the two plates. Oblique underthrusting predominates in
the study area itself (Plafker, 1971). The result (s a comploex sorics.o! faulted -
and folded structures underlying the continental shelf (Bruns and Platqu,'lS?Sf{-
Many of these Tertiary units have been truncated, perhaps by the glaclally con-
trolled rise and fall of sca level, Both seismic and sedimentologic avidence
point to glaciation of the shelf during the Pleistocene (Carlson and othera,
1977a; Molnia and Carlson, 1978). Glacially derived gravels, anﬁds. and duds
prosently crop out on the outer edge of the shelf whereas on the middle and
inner shelf, the till—liko_matcrlala are covared by a uedqa-shaped. Holocane-
aged uni. that grades from sands in the near shore to clayey asllts which is the
dominant gediment typo ovor Lhe bulk of the shelf (Carlson and others, 1977b,
Molnla and Carlson, 1975),

Fino sodiment (giaclal flour) {s belng carried into tho gulf by rivers and
strecams that drain glaclated areas of the Bering and Malaspina Glaclers. The
concentration of suspanded sediment can reach oxceedingly high values during
late summer, the time of maximum glaclal melting., Values as high as 4000 mg)l
have been measured by Gustavson (1975) near the mouths of streams draining the
Malaspina Glacier. Feeley and Cline (1977) have measured concentrations of
2) mg/l in the nearshore waters of the qulf,

In the area seaward of Izy Bay, where thesa cores were collected (rig. 2),

the thickness of liolocone sediment roaches 225 m (Carlson and Molnia, 1975),
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Pb 210 measurements on core 717 yiolded an accumulation rate of appronimataly
6 mm/yr (C Holmes. oral communlcatlon. 19771
Of all the slumps and slides doscribed in tha Gulf of Alaska, the lcy

Bay-Malaspina slump is tha larjest coverlng an arca of about 1080 kmz (Carlson

‘and Molnia, 1977; Carlson, in press, Hampton, and othors, 1978). ‘This large volume

of sediment (32 kmjj has moved on a slope of less than 0,5°, Mass movement
occurs when the combination of forces acting on a sediment mass oxceeds the
‘resistance offered by the sediment strength. In the Gulf of Alaska, it has
been shown that the bulld up of excess in-situ pore prasﬁuro ii éhe controlling -
factor in reducing the shearing resistance of tho sloping sediment and conse-
quently decreasing (ts stability, thus accounting for such a masy movement on a
80 gentle a slope (Hampton 2nd others, 1978). High rates of sedimentation are a
significant factor In producing the excess pore pryssures that rendor submarine
slopes potentially unstable (Morgenstern, 1967; Sangrey, 1977). Rapld accumula-
tion of sediment plays a major role in the build-up of excess pore pressures in
the Icy Bay-Malaspina slump area that results in an underconsolidatod condition
of the sediment. Excess in-situ pore pressure can also result from periodic

shaking caused by earthquakes and from waya loading offects. Both those off&Etn

aro considered likely triggering moechanisms for slumpa in the study reglon (Carlson,

in pross; Hampton and others, 1Y78).
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DATA COLLECTION

Shipboard sampling and analyses

The crulse of NOAN's DISCOVERER, March 14 to 23, 1977, to the northeastern
Gulf of nlnsk§ concentrated on the region between Bering Trough and Yakutat Sea
Vhllof (Figs. 1 and 2), An attempt was made to collect 1-2 m length gravity
corea at stations planned for geochamical and suspended matter sampling. It
was necessary to substitute a grak sampler at some locations becausa of sediment
type. This roport only shows the locatlons of the gravity cores (Flg. 2). The
locations and descriptions of all samplos will ba Included in another cpen-flle
raport to be relecased at a later time,

Sixteen cores ware collected in three transecto acrosg'thn continental shelf:
(1) southwost of Cape Yakataga, (2) southwest of icy Bay and, (3) southwest of
Malaspina Glacier. Wator dopths of the samples ranged from 50 to 200 m (Flg. 2)
and transects 2 and ] werec across an arca of mass movement found on the middle to
outer shelf gsoaward of Icy Bay and the Malaspina Glacier (Carlson and Molnia,
1977; Carlson, in press),

Descriptions of the sediment in the core catcher and cutting head ware
made afcer recovery. A hand-held vane shear apparatus was userd to obtain un=
dralned strength measuremants on board the ship immediately after the samples
- wore recovered. A known volume plston-type subseapling device was used to

dotermine bulk density. These data are included in Tables 1-4.




o Laborato;y sampling and tnating

B :i Tha gravity cnres. uere kept in thair orlgina] llnnrs and thht'y capped 4
:at both anda They were Btorud upright and kept 1n cold storagc both on. board
" the vcssol and. 1n the laboratory to prevent flow~ induced dofnrmatlon and rutnrd
-_growth of bacteria. Tha cores were spllt ln half 1onqitud1na11y Half the core fi*iFH
- uas thoroughly describud lmtholoqlcally. X~ rayed,_sealed, and put back in: cold .

storage for prqservation as an archivai-snmple. Thc second half was used for
asediment subaampliﬁq. . | | P

All subsamplas were. takon from the canter portlon of the working hdlf to
avoid the outer rind thnt may haue been disturbed by the corinq proccss Hcistg;é
content subsamples were taken 1mmcdlately after splittlng the cora. They_we;e--
placed ln pro-~welghed s=caled bottlan and then oven- dried at 105°C. The ﬁaluus.
calculated fp; percont dry wuight were corrected for a 33.5 ppt. Average 551£  .f
content based on recent regional oceanographic Qtudias of the aréa (Royor; 197?}.”1

Undrained ghaar strength was measured 1n the laboratory at varioua depthu

in thc core using a labaratory hand~crankcd vane: shunr anparatus {Hykoham Parranco_'_'"u

Enq Ltd. H{ Predomlnantly sandy layura were not- mensured. as vane ahnar results
in such materlals are genorally not considarcd rnlinblo indlcatovs of undrained -
shear strength. A standard rotatlon of the vane of 90 dnqrnos/m‘nute was- used-
(Monnoy, 1974). Peak undigsturbed ahcar strength as well as romolded ahenr gtrengtﬁ
was roacorded at each dqpth. -
Subsamples taken for grain size analysih were wet siaved to ﬁ9paratc_tho'

sand sized fraction (2,000 4 to 62 ﬁ) from the sllt (62 ¥ to 4 u) and claf

(¢ 4 u) sized fraction, Size analysis of the sand grains was obtained by using "'1u=¥n

a 2 meter Settling tube (Gibbs, 1974), whereas the silt and clay sizes were.

1/ Any use of trade names and trademarks {n this publlcacion ls for duscrlptlve

PUFPOaas only and dans not canstitutn undorsnmant by the U.s, Bcolaglcal burvoy.. Fegt




analyzod ﬁéing_a hydrophotometer (Jordan and others, 1971):  Mean graln,ﬁizc
and’sqrtiﬁq were calculated using Folk and Ha;d'(1957l graphic solutions.

'ht;érborg limits were determined for two or three depths in each core

using the standard methods for liquid limit and plastic limit tests as speciflod-

in ASTM (1972) D-423-66 and D 424-59 respectively.

INDEX PROPERTIES OF THE SEDIMENTS

Structures within the cores werec observed by comparing visual core descrip-
tions (Table 1) with X-rays taken of the same half. Deformatlion due to the ,
coring process scemed minimal in these cores, confined primarily to edgé cffocts
and Induced deformation at the very top surface and bottom of cach core. - Tha
moisture contents covered a wide range of dry weights with a low cf 29V and a
high of 105\. Averags molisture content was 56\ (Table 4). Molsture content
namplos were nssumcd to be reflective of in-sjtu values as lit;la de-watering
was observad in the cores,

Shear strengths, as expected with such high moisture contants, were iow._
Peak atrenqgths measured with the hand cranked vane averaged .04 kq/cmz in the
cores and ranged from .0} kq/cmz to .13 kq/cmz. Rerolded strength values ware
clone If not {dontical to peak shear strongthu. squoﬂtlnq that the sediments
are insensitiva in nature. Shipboard shear strongth measurcments with both
the Torvane and hand-held vane (Table 1) suggest a weak surface layer in many
of the tested coreca, The wenk surface layer [n many instances correusponded with
the highest moisture content in the cora.

Nine of the cores wore selected for further toatinq. Grain slze analysis
ag well an Atterberyg limit testing was parformed in additfon to the tests pre-
viously mentioned. These nine wero chosen as rep: esantative sampleus as they

ware collected inslde and outsido the Icy nay-Mhlniplnn s8lump zdne-(rlq. 2).



n comparlson of Lhe anlneorlng propurtioa of cores - collactcd ulthln nha slump

with thoso collevted in tho adjacnnt arca not auhjuct to the movumunt was Lhu-

objoctivc of thlu testinq.

silt was tnn domlnant qraln alze class n the seluected coren nvnraqlnq 711, _fjxf

.kﬁ&reas clay n?craqed 28% and aand only 1V, Two cores contalned lnyers that__:
" measured 9% sand - cores 7iOC and 711 - both within the siumped uadlmane; -Méah:'-fi;?
sizo_and sorting statlstics wore quite unl[ofm with dopth. 'The mean size rdn&ﬁd. ot
from 5.0 @ to 8.9 @ and averaged 7 #. nll.nlno cores showed poor sb?ﬁing with
only threa subsnmples'h&viﬁq_sorting.cbofficionts-bf less than 2 (Table i)ﬂ-
The high silt porcentagas help to explain the low plasticity indexos obsqrgqﬂ:u
~ from Atterberg limit tosts. A low mean value of 10.3 and narrow range from
1.5 to 19.5, agaln suggests tho insensitive nature of tho sediments. As was thq'
case with the grain gsize dist;ibutian, no signifiéant cﬁanqc with dﬁpth In the

core was recorded,

DISCUSSION

Our cxaminatiun of cores collected in the slump mass and outslde of it, show -
no significant variation in qcotﬁchnical properties. Looking at the statistics
derived from Atterherg limit téntinq (Table 1), we sep little variation with-
dapth in the cores and little variatlon botwoen cores tested. hll-coran tosted
show high liquidity indices which indicate a passible underconsolidated condition;
a logical finding for thls area where the rate of uedlﬁunt accumulation fis abcuﬁ.
6 mm/yr (C. Molmes, 1977, oral communicatlon). On the standard Plasticity Cﬁéfﬁfh,: :
(Casagrande, 1948), all nine cores plot parallel to the h-;inc and can be characi '
terized as low plasticlty silts, (ML group of the Unifled Sol) Clasnificntlon,'
Fig. 3). This plot tends to indicate that the aqdimcnts_arc Erom_ﬂlmilér'écolﬁg]d
origing and compositions. This type of general ;ediment'élassificapioﬁ corraiatéa;fJ:

well wlth the actual grain size distribution of the cores (Takle 2).
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'iUsing thu clay parcantagc (Tabla 2} and plaatlclty indox (Table 3), 5kempton's

(1953) activity ratlo {plastlcity index/clay tractlon) uas calculated (riq. 4}.5_

.”=£:'The averaqn of all thu activity rntios ia 0. 34. which classilins the claya as ;izf:_

’ ?;;“inact1Ve" according _to Skempton B rntio - He found that tha smaller the actlvity._“H

:l_thc smaller the contributlon of cohesion to the shnar strength. A plot of thc"

*  c1ay rraction versus the plaaticity inden (Ptq. 4) shows the aample points falltnq ijf%

about the kaolinite atandard, ranging toward ghc illita clay group, x rny dlffraﬂ-;_.?

'tion of the clay mlnerals from ‘he Icy r1y-Ma1aspina ahelf ‘area- supports thla
f:claaszfication with measured vnluus of J0- 40\ illito and 60- 708 kaolinita chlorite ;;
_(Holnia and Pullnr, 19!7) | X- ray ‘analyses show little amectite-/ 1n the area and _f;}”
thc lou A*torberg limits again support ithese obsarvations.' |

At aaveral stntlons, two coros ueru obtained that allowed us to compare thc

.miniaturc vane shear atrnngtha for- sedlments colloctad in noarly the sama iocation ;j-:

on the shelf, Piqurc 5 shows that tho ahear strangtha vary naarly as much 1n the )

duplicatu cores as in cores collectod anveral kilometara apart. In most of the _7"':

cores, therc is the uxpected sliqht increasﬂ in stranq*h with depth ln the sedi-
_ment from about 0 02 kq/cmz (2 klloPaacaLs (kPa}}_in ;he uppgr-gne~ha}f mq:ar-;?__?_E‘f
_ about 0.5 - 0.08 kg/cm (5-8 k?a] balow one metor depth-in'the ﬁa&tment-{riqg;ih{”
;nd ﬁf. -These phear stronath values arc comparable to those ropﬁ:r:f by SGﬁﬁﬁ
-tIQIT} for the near aurfnco uudiments flom a hore hole locatad B Lo %,lometers £
f-ens: of core 704, Schuh also reporred shenr rtrunqth for Gulr of n11aka sedimentsgil;-
that lnéroaaed to approxlmataly 35 kPa at scdimunt dapths qreaygn than 40 m
;(f;g.-ﬁb). An estimate of undrainud ahear strenqth based on a representatlve
. mcép lnsticity 1ndux of 15 for normally connalicntud marlna muds (Qstnrman. 19551 Hu?:

'and thu shear strenqth maasured by Schuh (19??) Jndlcates that the sedlmﬂnt 1n

_undorconaolldated IB C. Clukay, oral communication, 1979)

’ _/ Smcctito is a gonornl torm for a qroup ot c)'y mlnnrnls that includo -
L Hnntmnrtllonitu, Nontronite. Saponite. atc. -
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Shear strength ot'ﬁedimqnt {n the northeast Guif of Alaska
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:r-:"{core ?21 D,_a core collected in- the sandicr subatrate !ocatad landuard of the:“

) A compariean of cores collected within the llmite af the slump mass ta-ﬂ i;ff..-

;t}corea collectud outside the slump arau Bhows very little difference ln shear

'_ﬂtrenqthe (Fig 6a). The largest difference appears in the’ upper 0 5m of

lump. In core. 721 D, values of greater than 0. 10 kq/cm2 {lokPa) were measured _ih

:at a depth of 11 35 cm in the sediment lTeble 4) This increase in peak'shear-f~

'atrength can perhaps be attributed to the lncreaeed amount of sand? eilt prosent
as thin laminae, observed visually (Table 1) and corroborated by X- radioqraphs.
__Houever, in core ?21 C, collected from approximately the eeme location as ?21 D,'

2 (6.9 kPa), was measured at about

-the larqest peak’ ahear atrength 0 07 kg/cm

25 cm dopth, showing again the variahility of peak ‘shear strcngths in theae

sediments. o

A cempatison.of results from the minieture vane sﬁeer measured in the lab, i+

and hand-held vane shear measured en_the ship,'shows very close agreoment {Tab1a1431_:;§
" This eeqqeets that (1) tﬁe handeheid vane shear apparatus preduces-reesonehleu.. iy
poak shear values and (2) the cpree did not unde:qo'excessiee“dryinq out before
helnq.epened and 5ub-eempled in the 1ebaratoryJ These cdros-Qould te claesifled'::--“_
as low-sensitive to ineensitive accordinq to a scale derived by Skempton and -

Northey (1952). . The low sensitivity values (Table 4) aqain suggast unifcrmlty

between these cores. With low. sensitivity values such as theae. ‘the oxtensive T

hurrowinq'seen in theso coros probably won't of fact the strength too 3iqnificentiygjq.41
Shaar strenqth profilen rarely exhiblted the usual 1nverse reletionship

betwaen ‘moisture content and shear strongths tTable 4) This may bc ﬂttributed fﬂ;'J S

to the many minor grain size variationa in the uedimentary column-

SQdiment sizo characteristicb tTable 2) in selected cores shoued no vlsible

tronds_with depth. Percentnqee_of snnd. silt_and clay-in_the-cores catogprize.

tls i




" ’ithe sedimentn as Llayey silts ulth aomu sllty clay ptaaent ln core 700 Sortlng

3519 in thu ﬁoor to very poor: rango and would be considerad tnxturally immnturu
f{faccording to Folk (1951) Thia 19 common in environments uhlch ty,icallv
_:have rolatlvoly low mechanical ennrgy axerted on the daposlted sediments f_Hégﬁ; J
igrain siz; also Variea little at depth or- betwoen cores, . |
I Comparison with unrlinr uork done by Carlson and - oghers 1197?bl showing :
distribution of_surfaca sudimqn;s.ln the samn_raqlon (Fig. ?}; indicates-}i;;lo 7;5:
diffe;encé in overall seaimeﬁt types."'aoth Sets_of dﬁta 1ndicate ciﬁyey silés_t'
ﬁt the surface in appfoximatnly-tﬁg'aamd percentages aﬁd_compd?able'm;dn?algq§ ;g;f:ij
_nnd'ﬁortinq.__ o _ | - '. Co L -_ -_'- L Er  _ ;: ' ;:;?
X-radiographs taken of thg cores to observe sodimentﬁry structure_qu
¢ompariaqns with visual observatibns of thé core (Table 1) shdued thréu difgafnnt:?
typéé of featurds.- The first type 1a_a're1a£lve1y undlsturbed parallel lﬁhiﬁatish.
of tha clayey silts uith some pinchlng out of laminae - The second type conaists _ff
of areas that are scemingly biotu:batod, probably by worm burrouinq " The Xf:aq1o;_L::”
qfaphs'show no !aminaptons in thesa arcas, or show laminae that are trunéq;odi -
Sometimes elliptical pods of Q differanﬁ density thaﬁ the aurrouhdinq ﬁaﬁériaf )
arae cleﬁrly séen in x;radiographn. Prom'eiamininq these featuras aftéf wo spiit J'; ;j
thc cores, we buliaVo them to be hurrous flllud uith sandy silt and aacurated with'f;%ﬁ
_ water. The third fnature seen in: ‘the X-radiographs of thesa cores conslats of
_ aandy-sill‘. layers that are aeeminqu defomod. Thege appear as sandy silt beds
that generally are truncated -and junhled, often with sandy silt and clayoy laycrs-:i*if
1ntarm;xod. Tha sandy aile might alno appoar as Lub roundod to anqular furma_

ln nuch a deformed area. In many caaes, these arcas are difficult to distinquish ff“ﬂf

from the bioturbated areas.. Hure nqain lnminationn are nbsent as if bloturbated,f_ffli
but Ln some cases thoy may appcar “to be presant as nwills or toldn Thu distlncp," w-

elliptical burIQH.pods arp'qone; roplacud_by the-pbovo muntioned_formn_thatcare_ 2;;1*1
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'ai;a§n:§nﬁd 6résahdf hllt.3.;ﬁis d?ﬁd;med éhdéfﬁaQ gdcn pu;h {esg'freqﬁe;éiyﬂ;ﬁf :-"-
..t'-han I:h; bio.tmj'b'nl;t'?d st_‘.mc.:t_i.lrﬁs in th.'os'l:: cores.
sﬁaﬂanv nﬁb CQNCLusioué

fhﬁs_repnf; ls a preliﬁinary evaluagloﬁ of the 1ndpx préportiea pf.nofthahstl,3-f
 Gulf bf Alaska shelf sediments. Results indicate these shg]f sadihentq to b§  3
of a ?elntivaly waak nature. The samples were uater saturatuﬁ wlth-aﬁefaéé
molsturc contonts over 50\ and were characterizcd by poorly gorted clayey silts-
with slight plasticity Undrained vane shear strcnqth measuremonts suggeat
that the samples are insensitive with pcak strengths averaqlnq a weak .04 kq/cmz.

The measured indox propertles suggast that the sediments in this areca of
the cOntlnental shelf are in an underconsolidated state. The high rate of sedi?
mentation (6 re/yr)when asaocia;ed-uith a bulld up of cxcesﬁ'poro-prensﬂra..loayos
the sediment prone to faflure.

No differences were recognlzable in data from samples qollectcd ulthin_tﬁc
Icy Bay - Malaspina slump masa when compared with thosé from surroundlng'ﬁqéfMOn;s  2
pointing up tha need for deeper cores that penotrate below tho base of the slumped :”
sediment. Deopcr cores are also needed as the upper few meters are commonly.
affected by factors such as densification due to the coring process, chemical
bonding and bioturbation effects, At dgpth, these factors become less of an
influence.

More extensive testing is-tho obvious naxt step in a detalled study'df
these offshoru phenomena, Gootechnical engineering techniques prove v;ry 1mp6r£antf _
as tools to quantify sediment prdpe:tibs that are nssoclatcd with submnrine Eiumpg 
and slides. Further testing using stnndard geotechnical mathods to correlatc
_uith other similar studics, will bring a better unduratandinq of sholf sndlment

dynamics to engincer and geologist alike.
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'fTabie l.-

Location.

e *Cores analyzed for size analyses and Atterberg Limits (see Table 2 and 3)

DePth, Length and Description of Cores. 2 §
_Core : Latitude : Hater '_ Core : *_ LR N e 2
q;_ﬂo. ._*nLongitude=* "Depth Length - Description O
g G (Mete[_) (Meters] Sediment ; i :
59ﬁ4é'3‘; - j2?8 - 2.00 Homogeneous green-gray mud, slight organic staining?
_l42°4l ! Ao -~ a few burrows. _ R e g e et
'59°55,1' 104 1,49 Olive-black mud, much burrowing some hollow. some
142031 - mud or sand filled, Much organic staining. Few :
L A BT ! L plant stems and shell frags. Lk
©59°34.5° 156 1.68 Green-gray mud, some sand-s{lt filled burrows and ]
141°5], 5" ‘ - slight organic staining Some sand silt horizons ;
e aed . and lenses. - - ; _rﬁ*
*709C  59°34.6' 156 1.51  Olive-black mud with sand- silt and mud filled
- 141°61.5' burrows. Deformed sand-silt horizon. Moderate ;3,:_;
_ - - - organic staining. some plant stems. SRl s
#7108 59°41.3 85 1.42  Green-gray mud, sand-si1t filled burrows. 'Organié.l:
2 3 141°43p.4' : staining. Lower 1/3 much interfingering sand silt z
_ : oS S _ ~ lenses. Wiy &
~*710C " - 59°41.8! 85 1.05 Same as '/'IOC with larger basal sand-silt layer
7 59°42.6' "~ 82 .33 Same as ?lDB and C only sand-silt lenses inter-
I | fingering throughout whole length of core.
715~ 59°36.4" 139 1.49  Gray mud, some sand-silt filled burrows, shells
~  and shell fragments, and slight organic staining
Deformed sand-siit layers.
715C  59°36.4' 139 1.60  Green-gray mud, hollow, sand- silt and mud- filled
o 141°47.¢6' _ burrows. Moderate organic staining. ' 5.
*7178 59°3y.3" RARE 1.56 Gray mud, few sand-silt filled burrows, some a{q:';
: 141°42.2! - tinct and some interfingering sand- silt and mug - =
- _'lenses Much organic stain :
717C - 59°39.3! m 1.61 . Same as 7178 only color grades from olive black
141 42.2° to gray. :
7188 59°38.6" 191 .73 Gray mud, slight, hurrowing. plant stems. Some 'f':f
142°07.3" - : distinct sand lenses in loner half. »ery slight -
__ : o organfc staining _
7198 59°42.7" 141 “Yoi  “Oiiybisgray wul wibh 3. fev Burraws.and Blank Stems.‘;
~.. - 142°01.9' ' sandy- silt lenses and much organic staining A
Co7208  59°45.7° 100 1.45  Green-gray mud, mud and sand-silt filled burrons
: : - Interlayered. mud and deformed, possibly burroued
: _ 1sand s{1t lenses. Little organic stain : |
721048 59°48.1" 70m 1,00 Interfingering olive-gray sandy=silt and mud lenses;
- C. - 141083,0° - - -~ throughout. Distinct sand-s{lt lenses. Dense or: .-
; _ ; - ganic staining. some burrows ‘and shell fragment‘
'1?210- -'59°47 9 - - 70m .44 - Gray mud with sand-silt lenses and laminae._somv
' - 14]° 52 9! - burrowing. Hoderate organic staining : a0




" Table 2.. Sediment Size Characteristics. (*Equations of Folk and Ward, 1957).

' 'Core No. ' Depth In Core \ Sand ©ow Ssile \ Clay Mean Size* | - Sortimg*
' ' (=m) _ (&) (&)
700 17-19 2.3 58,1 _ .39.6 . 7.6 225
i : : 61-63 0.0 44.5 - -8 8.8 2.3
78-80 0.0 59.9 '40.1 7.9 =
142-144 o7 72.9 26.4 7.1 2.2
158-160 1.3 74.9 23.8 6.8 2.2 7
191-19) 0.0 40.0 60.0 8.9 3
7098 15-17 0.0 74.5 25.5 6.8 2.4
76-78 0.0 75.7 24.3 6.9 2l
104-106 0.0 61.6 38.4 7.7 2.5 3
160-162 ‘3.4 64.7 31.9 7.5 2.2 f
709¢ 4 16-18B 0.0 62.5 37.5 7.7 2.4
‘42-44 0.0 53.0 47.0 8.3 2.3
71-73 0.0 77.6 22.4 6.5 ot ol ¢
: 79-81 1 61.7 o .38.2 7.8 2.4
by 117-119 0.0 61.7 38.3 7.7 2.5
o 143-145 0.0 67.8 32.2 7.5 2.3
7108 17-19 2.2 79.2 18.5 6.2 2.0
57-59 0.0 78.9 21.1 6.5 2.1
82-84 1.6 71.8 26.6 P X 2.3
127-129 0.0 88.7 11.3 5.6 1.5
131-133 0.0 74.5 25.5 7:1 2.3
710C 9-12 1.7 78.6 . © 19,7 6.4 2.0
' - 27-30 0.0 82.3 17.7 6.2 2.0
41-44 0.0 71.3 28.7 2.2 2:3
68-71 0.0 66.5 33.5 7.6 2.3
83-86 9.0 75.9 15.1 6.0 2,07
. 98-101 5.9 87.3 6.6 5.0 1.1
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Table 2. (cont'd) Sediment Size Characteristics. (%Equations of Folk and Ward, 1957).

' Core No.

AL

- 715B

715C

7178

Depth in Core
fem)
3-5.
+13=15
. 26~28

80-84
06-90
128-141

17-20
. 85--87
124-126
154-156

10-.
2476
100-104

133-136

'147-150

. % Sand

9.

-

oO~w®m -

ownOo
oo+~ oOro

oo

ok i
oroow

v 511t

170.1
63.0
72.9
73.9

80.7

- 78.7

71.1

77.0
. 79.7

"% Clay

"{ Haaﬁﬁsiztﬁ fl”i:.
PR TI

6.0




" Table 3.

Atterberg Limits -

Depth in Liquid 'Plnstic:; Plasticity ﬂiquidity-' _I
) iCore:" limic - limit = - Index UIndex ol
‘Core No. ' (cm) Wy Wy, T, =W, - W Iy R W =W,
o . : ; P "1 P o | RO
' W=y
100 19-37 1 46.20 29.70 16.50 . 362"
84-103 146.10  26.80 19.50 2.09
151-167 42.00 29.05 12.95 2.8)
1098, 22-41 35.30 24.80° 10.50 4.60
© 125-150 39.91 28.28 11.63 2.80
706¢ 26-42 39.51 26.51 13.00 3.80
- 119-149 19.50 26.84 12.66 2.68
708 26-45 30.50 22.41 8.09 2.53
o . 104-122 27.58 21.77 5.81 5.17
7100 - 13-36 2815 22.68 5.47 1.78
e 71-83 26.51 23.06 3.45 7.97
7158 39-63 16.40 26.23 10.17 2,33
; 110-133 4.75 26.92 7.83 2.82
1sc 24-38 16.72 23.88 12.84 3.31
94-104 34.08 26.24. 7.84 645
7178 35-55 e 381 - 22.42 9.88 2.90
115-133 29.95 23.50 6.45 4.80
Range 27.58-46.30 . ©21.77-29.70 3.45-19.50 1 2.09-7.97"
Average 35.05 25.16 10.27 379
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~ Table 4. cont'd. Shear strength, water content and bulk density.

Laboratory Measurements

Shipboard ‘Measurements

Sample Moisture Miniature Vane Shear Sample  Mand Held . Bulk
Location Content Remoldea (Sr) Sensitivity Location Vane Shear Torvane® Density
Core No. {cm) (v dry wt.) (cm) kg/cmz' . (g/cd
7178 11.0 48.96 1.0 5.0 .01 .02 ©o.l.68
38.0 51.08 1.0 10.0 .02 : ki
.74.5 52.12 1.0 20.0 .02
102.0 54,46 1.0 3o.o .02
124.0 1.5 40.0 .03
144.0 40.27 1.1 50.0 .02
149.5 1.0 80.0 .05
90.0 .05
100.0 .05
110.0 .04
717¢C 28.0 56.13 1;0
50.0 1.5
74.0 47.35 1.3
98.0 43.73 143
128.5 1.3
54.5 49.02 1.3
718B - 30.0 77.97 1.0 5.0 ' .ol 1.59
52.0 69.46 1.0
67.5 56.R6 1.0
7198 3.0 62.84 2.0 5.0 02 1.63
21.0 56.96 1.0
50.0 68,57 1.5
63.0 77.24 1.0
F2.5 1.0
83.0 67.22 1.0
117.0 5915 1.0
1498.0 59.47 1.3
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