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AN

ABSTRACT NG

o7 Byvehity-three udimont czq?ts ('xjnb mmp!as, agd 4steuognpﬁb :amera
tmckﬂ\vara taken oft the bottom and fanks of the Tongus of the Gc:ean':g Bahamas: -

The Téngue of the Dosan is a-tong.’ desp re-shirarit of shinn#l into the; tsmg

“ Bahami Bahk. Itisorienitod ridrihwest-southeast. ds aboyt 700 fathoma d«‘;ﬂn '

its soutifarn portion {cut-de-sac), pnﬁ”ﬂdmm northward 10130018

somsovers Cdistance axceeding 100 mies. -The flanks of walls ofdhs chinnerafd - -

precipjious s w5 dopumzsomaodmumdwm .

over; = £ i

~ thi fwﬁmndm gullies-(rending at right angles 9 ,:%&

Ahe Gulllns arg more prévalent in the lo-}z. mrmw na

mmjom wi-donc n?

. : e nmthoqmbofbgtudimmnokbontmmmﬁﬁ!t&tdzd -
TN oud:etﬂ g&kaﬂ carbonste particals of both deep and shatiowrwatér origin,
,‘Drgamcarbon contedt of thie sedimant i3 iow, sveragihg batweed 1.0 and 2.0 -
%ﬁsﬂt Water content, void ratin/and porositydecrente with degth in thc ud&
t. while comnruiy dun!ty nnd colrasion tnamc‘, T

o0 > k3 - X®

, thefﬂﬂg.

I Ssdlrﬁ@miccummﬁon“in the channel can bo ntmbu‘t.d toEow, eonthuoun Ay
T i pavdebypa e déposition from thomﬂymgwawcojt?mnndﬁzrbidhy SR

o e - 'f tuﬁant type Mﬂ ting oy _i Gpper wills and-bank sdges of the ™~ . Sl
Lo TH . chanfist Thelatter typo “uuuﬁon mummmgemmgmm covan T
OSSP martcolum:zh?hpbd R ,, ,urdmmlccumuhuonhmh c i

_ e fianky awd-cantral redchs Gfthe mm&m ‘portion in e channel.” T .
- deling shows accumulation ag. high s 640 cm/1,000 ysars at selecled lnu. e

=Sedirhent sccumutation In the northera, cerftrafarsa of the Tanﬁa/"/sﬁ\h/a Ocsan " %
}smmhmsmdtsmnsﬁmdntumawsmn boomn . :
. ﬂﬁarmphp:;;héiompm of msnhmn.wﬁwl ptucnx o benth
. _animafor plant life, ahdsin gmem, an simostfestureigis unconsctidated voxe s
:p%cwrod frthis central; Portharn portion of the charnel at 1,000-fafhoms depth,.- -
limestohe omcropis ptesent containingcavitissor basins suggistive of subadrial - E
ém@m at some sariier geolsgio fime.” Adjacent to the outtrop ate weti-devdioped - f,,
syn fietrical rigple marks gprobably caused byhdatoscnﬁn?nsvﬁﬁmwﬁcs, -
;4art the basis of ripple form and:dbmisant $odiment grains sizo. Dttom &b - : o
mn{s of betweers 0. 3 to 1. O knot nrautcuhted . S




“ FOREWORD
A : : Ih&s report- bﬁggi g-fe-dute uH Cha !nfanr‘bﬂon ahd &urva- co T
- tlens collected by this Office concerning the submor{na geolegy
= . - of the Tongue of the Ocgdn’, Bahomos.. Réports. and wiotk of other. o e
L5t &gencles and. Iw‘iv?dug'rs have been used' wgérejecescry !n the i
© 0 prépataticn of fhh{e@hmcet Repnn e :
e e N ;o= Sees s C Lo
- SN R .7 Research wo:k%n rh&xuhmﬂne goologyn? trsg\ﬂ_on_gue S the
’ : Y0 s - Ogean f continuing, botthe major conicentrat{oh nigw 1; on &he °
B S - shnl&s:bunks iurreunﬂtng ihsebonm! ;;;j;;:‘/_: ,‘
. — k ] it is beHeved fh;;f th% ma’%ym confomvea in fhb rép&ﬂ wm ;
. ’contrd:n.:é s:gmﬂcanﬂy Yoward thé undentandfng of thec omplax o,
h \\\crlng enwrcmnenr found jrthe Tongue of ?ha Ocean orea. © 2 .
' Rear Admirdl, U. S¢ Navy, ~ °"
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o ) R
s




PRE#ACE -

- The lnvesﬂgdﬂom of the tubmarine geo!ngy ei ﬂ:e Tongue of the Ocean
reported hereln were begun In 1981, The authar, Roswell F. Busby, has been
“active In collagking the date as well as In perfomlng the laboratery analyses

and lnterpreﬂrg the results,

The cuthor would Iike to acknowiedge the fo”ow!ng portonnel ﬁ‘om the
Oceancgraphlc Offlce: W. E. Maloney for providing support and pemmission -
» . to pursue tha Investlgations, G. H. Keller for performing the bulk of the
. engineering tests and for offering suggestions In the preparation of the report,
S, ~and 8. K\ Swanson for’ crmcally wlewing the meriuseript,

e st A e

<o

R 7 * ST The cufhor wauid cfs;: ﬂke ?o express grqﬂmde to the Mm'lne Labcrufory,

Unlversity of Miami, for use of thelr loboratory factiitles, and 1o Dr, Gene A,
Rusnak for making ovallsble Information and flgures In advance of a forthcoming

paper tind for hls m:my i\alpﬁ:i suggesﬂms and encoumgemnt In the prepnraﬂm

of this report, . %

. -Findly, cpp;ectcﬂon is éx’éﬂ&ed to.Commander R. L. Sattler and the -
T e offL:ers and enlisted men of the USS SAN PABLO (AGS5-30) for providing the
means and csslstance In cdﬂaaﬂng the sumple: and observations uwd i the

repoﬂ'

o~
TRV

it

o b G AT R D i,
) .

e



W
. - _ LTARIE ME ACIITERITE.
- - = = - - T T Twmmw
! - L :,V . . V R
e e T e - - Ll

‘FQREWORDI""l‘IC’AUIQOOl..’."l!..r'/él'Qbr' !n

[ . = PR O — S VS S SRS { = OO S0 S SUS SU —

B 7 of
o FIGURES v o s s bs ve e o v e n s s b a e e e ool
- | CUTABLES . L i e i i ia e s et e ni e e Vil
) PLATES ._:7. ‘e e v i .‘;,' e . e 7._-7;-’ S e s e s ’
‘AP?ENDQE" O
INTRODUCT!ON e TP SR S

- T "f i :7' = A%WQ&‘%}Q *ﬁ?ﬁﬁ*@ﬁaﬁ EETE 'i_'—._"‘r-\:i—'a‘;ﬁ;’; —~‘7‘~‘~,»i‘i T r. -
- . T Déscrfpﬁon Qf ﬁ"e AI'QQ LR B .

. REVIEW OF PERTINENT-LITERATURE + o v v v v o v v o s o s B

i
//ﬁf' LR

<

K
. !’b ‘\.I“O"Q:LQ’\ /Z — -

B}

."Q A 7,“" : Thﬁ Bahdma P!O’foﬂn » . -‘ LR A ) 71\ t‘,r: .-};{ [ 0 g}. . s
E . e A FEEEE e ‘;; - b -The Tgngue of thﬁ Oceun An; L R RN IR e e e o e “r
3: Sl S, LT ,cmesem tNVESTtGATION B T
: ) < '.;]u . o AT o T ~Fle{d prCEdee P N I ; [ S &:"; - o
T - _‘-":‘ ’ i.nhomi’cry Aﬂu!ysﬂ I R I A S ‘-:{‘. ) e -

L o
VU DOART LTI £ g I

‘SEDlMENTS * * s @ LI ;' L 7' B 8 -0 8 s 0 l’ L i"; l;t . 2 L] i s ‘

. — et s i
Al

e - GEHBm{ BRI L ) e IR I T B I T e 0_; ) by,-
Near-flank Sediments . & « o v o o6 s 4 3 0 s e 0 0 s 8 o 6 s

sza‘ SEdlmEnfs DI} a/ 2 e e 8 2 2 s & a2 2 2 A‘ " O S

) CU!‘&B‘SQC S‘Bd]mEﬁ?S ERE ) oo T R T T T S U S PN I Y

i ey s

 RATE OF SEDIMENT ACCUMULATION. & & 4 v v v pn vs oo v vos s
CENGINEERING RROPERTIES . 4 4w b s v s s d o s @aass

Sheﬂl‘s"’eﬂgﬁ\ L R I I ) .,.;»‘iif; o:' E ) ;’7'*‘ LR B
smlf:vlfy"g.nulooul '.i'luo_lﬁ":’i.ooion..o‘goo

BOTTOM PHOTOGRAPHY . . . .
Camera Station Data

. - ) . N R
! : ' Blology « e ¢ v v 6 bt v e d et s e s e s e s e e s e s s
| ' o Bottom FEatur@s o o o o v s 4 s s s e b s e n a s n e e e e

Wu’ncurrenh n.-‘ocono‘bc,o__oon_onolooo‘ol‘o“c

L 2eBR B GE BB S

OO REFERENCESCITED L . v i e v e e i e e s 6




FIGURES

]

.‘3'

4
6

4 o Longmjdimi Cross Sec‘hon of Near-ﬂcnk Cores
g7 ngltudind Cross Secﬂon of Axlal Cores

L,'”

‘, BOhOma Pt@ff@l‘m ‘ + 8 & & ".". . s a ‘l-n ." 'y n ‘:;__Q<4_[~t ; s
LT **2 mem‘o(cner Athern, 196Za)

(fold=in]
Longhudmai and Cross Secﬂcna! Profiles of the TOTO e e s
Sedxmenf Sumpffng Stations In ibe TOTO

'nl‘ll'nl.

Locuﬂon of Deeprsea Comers Lowerlngs and Vertical ProNes .
Areal Dtstﬁbuﬂon of Sedimenf ‘Iypes inthe TOTG. ., ... . ,\ .

(fold-m)
(fold'm) R
E.oﬁg{fud!nat Ceoss Section of Cul~de=sac’ Cores . (fold*ln;\\

‘ _10 Rﬁ}&of Buik Sadlmam Aceumulnhcﬁ at Seleczed Locations {p

?ﬁeTOTO.. L S ) — - .

w41 e j-'reqoengy of Turbidity Current Flows at Va)/oys Loraﬂons tn

: the TOTO .

ofccoivv','vvovhtlvgvoo

' :?/ .-'}? " Areas of H!gh {140 psl) and Low Coheslon In the 1010 ., ..

S

o

}3
14

B

Hi

Dlsfrihuficn of Surﬁ;;e &dimenf f)rgonh: Carbor Confen? (%)
Pto?s of Shlp 5 Poslflon Durlng Gamem lowerlngs N

& ' o S P " e
TAB?}E‘S_S— i - o &
oy 5%% o -
s . BR A
X - )L - e “n, e

/\,,‘

QndPOFOSﬂ‘Y u u . llrt PRI T .‘,‘ooocp-..: tI,‘A‘
: i L’b*:;l'

Particie slze. anelyses of exlal sediments~ .\ R

IV Axlal sediment denslty, water content, void ratle, and poruslty

i Parﬂc!e size analyses of cul=<de=sac sedinents “ese o s

Vl

Cul=de=soc sediment density, water centgm, vold ratlo, and

POrastly o o o vt i v e et e e e ey ee e e e

\chc'ou.l

l N

r =

»

_

Shear strength and sensitivity of the TOTO sediments _ . . ..

vt

4
bl
4
u
3
Jv




B

P N : -

L . =

S 3 -
: L=

;
4
i
|
.
-
|

i
t

b

LT $2-15-BOTION)

i

i

[\

Y,

Cv

w2

Vi

AXIAL CORE 62—!6 (TOP) AND NEAR~FLANK CORE

TURND”E ZONE iN CORE 62-488

REPRESENTAI!VE BOTTOM PHOTOGRAPHS RROM CAMERA
STATION l . - - - ‘ a a l l L) L] l - . = - - - . » 7. =

BOTTOM PHOTOGRAPHS FROM CAMERA STATION 3

. v o

REPREBENTAT!VE BOTTOM PHOTOGRAPHS FROM CAMERA S
"STAT[OszIll.iil)l“l;‘.“lzhl;l‘

REPRESENTATIVE BOTTOM PHOTOGRAPHS FROM CAMERA
;STAT‘ONS.q‘i.t‘idtt~...o£c.hlcl

REPRESENTATIVE BOTTOM PHGTOGRAPHS FROM CAME%A

>. STAT!QN4. " s t l‘l -SA; PRI I ] .u'/’f. f v .

Vil

e

X

‘MOSAIC OF THE OUTCROP AS’ PH@‘FQGRAP!'!ED BV THE

CAMERA SYSTEM -

CAVITIES AND DEPRESSIONS AT 1, 000 FATHOMS {NTHE
TONGUE OF THE OCEAN

.A---'-_n--nonclni;;q_-

Mp;;zoromekAmxc CONTOUR MAP OF PLATE IX . . .
‘scqrou PHO?OGRAPHS FROMCAMEEAJT!ON 4.0

e uw »

Q.'Oif'.‘o'.l‘.,

.Q.‘t‘l.bﬂ‘l.ltl'l

- S

v

72

-
\7\1\»\_ et = S ;'
T - o . -
APPENDIX - .

'l'n O Y i'l 0 s oii;Tfifi"iﬂiliran; T

CORESTATIONDATA 4 4 v v s e a's vu v s v s s svns oo 83,

P

A o
I SR R, W oA T s U e

P A e T2 R0 TR M UL, “a;i.";;;*'.ixm,“ N




JANLFY CERTL A PTITERST O CIEVIL W W .t T

*“samples and bottam photographs were obtained

A Purbose‘o‘f the lnvest}gotich . _ ‘ . BT
" As one phase of o'U. §. Naval Oce

es an ; rom the floor of the Tongue of the -
Qcean (o deep chonnel in the Bahomian Plotform). The purpote of this survey was -
to provide samples and observations leading to o knowledge of the sediments, sedi=

B .'.{4. mentary propertiés, ond distribution of sedimént types on the floor of the Tonque.of .-

the Qzean ond to evaluate bbi:fom micrafopogmpﬁy at points of special interest,

s

 Dgscription of ‘ihq Areo

* The Bahoma Plotform or Bank is o shoal tred southéost of Florids and northeast .

of Cuba. - The Platform is 450 niiles long, 170miles wide, topers bluntly of both
“ends, and is"bourkded on all sides by o steep Submarine escarpment which descends
precipitously to depths in@xcess of 2,%0?:: ‘ p—
“fathoms omthe west. The Platform trends north-northwest,- encompasses.some 50,000 -

. squore miles; ofid 15 4 to 6 Teflioms dé&p. -Approximately 7 percent of the surface.
. F’E -

- “areq js occupied by 20 prifcipal islonds and ! nds of small cays located along
the Platform mdrgins. Greot submorine’channels, such os the Tongue of the Ocean,

. Exuma Sound, ond Yhd.?ggvigmcéi‘GBomels, form deep ocgan re-entrants into the

 shollow banks.(Fig 1); * “ o o

- The Tongue of the Ocean (TOTO) is a-contipuation of ‘one of the two major ™~~~

_re-entranfs or channels in the Bohafna Bonks, .and incises the largest of the shoal

strughures, ise.; the Grest Bohamo Bank, The TQIO consists f o long, nofrow
northern portion, slightly less than 70 miles in-length and 20 illes wide, and o

o -z

somewhat clrcularsouthern portion 40-miles in digmefer (Fig 27 The chonnel . %

trends northwest, continues into Northeast Providence Chanrel, and.proceeds . ..
eventually Into the deep sea, The TOTO Is bordered on the west by Andros Isjand”
 and on the south dnd east by shatiow, flat banks, The scuthetn portton of the = - 1 .
channe! terminates blindly in a cul-de=sac which ds-t-shoped in profile ond about > '
700 fathoms deep (Fig 3), Northward, the chunnel profile becomes more or less .~ -
Vshaped between New Providénse 1siard and Andros island, Here the channel is
1,000 fathoms deep and Is called Northeast Providence Channel, The central . -
channel floor slopes gradeally (approximately 1:180} from the center of the cul-de-
sac to the commencement of Northéast Prowidence Channel, e B
Soundings on the walls of the TDTO thow smooth, stéep siopes averaging 15 to
20 degrees in the upper 200 to 300 fathoms: Below this dépth the slopes bacome
more gentle but are steeper In the northern compered to the stuthamn part of the
chonnal, large gullles inclsing the walls and trending ot mose or leis right engles
to the bank are common; however, the walls*in ths cui-da-sac appear somewhat
smosther than those in the narrew northern portion,” | : . '

Difice uituny, tediment cora ...

thoms on the east and 300 fo 1,500 - " "
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POSITIONS OF NAMED REFERENCE POINTS SUCH AS GREEN CAY ACCURATE ONLY TO

ABOUT_‘*_:-&- MILE,BASED ON RADAR RANGES AND BEARINGS FROM THE SURVEY

ISLAND OUTLINES,BASED ON M.O. CHARTS 26 A8 B, ARE APPROXIMATE, AND ARE
SHIFTED SOMEWMAT TO FIT THE REFERENCE POINTS NOTED ABOVE

APPROXIMATE 100 FATHOM CONTOUR,DASHED BETWEEN SURVEY TRAVERSES,
{18 ALSC BASED ON H.O.CHARTS 28 A&B.
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POSITIONS OF NAMED REFERENCE POINTS SUCH AS GREEN CAY ACCURATE ONL)
-~ ABOUTX4 MILE BASED ON_RADAR RANGES AND BEARINGS FROM THE SURV!
e TR
ISLAND OUTLINES,BASED ON H.O.CHARTS 26 A 8B, ARE APFROX|MATE, AND AR
—o——-SHIFTED SOMEWHAT TO FIT THZ REFERENCE POINTS NOTED &BOVE

APPROXIMATE 100 FATHOM CONTOUR,CASHED BETWEEN SURVEY TRAVERSE
IS ALSO BASED ON H.O0.CHARTS 26 Aa8.
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 The Bahama Platformr

"~ REVIEW OF PERTINENT LITERATURE oo

The Bohama Platform, (ar Bahama Block), reprasanﬂng, as It does, o ccmemporury

" Aexample of warm, shallow 1imestone seas such as occurred during earlier geological

times, has been the object of Investigation by many students of carkonate eoiosy.
However, the majority of Investigations have been concentrated on the segmanrnry
material covering the shallow banks, and untll recently there was scant Information
decling with sediments In tha deep-channels.

Soms of the more axhznsiva contributions to the llternture of Bahamian shailow-
water sediments ware made by Agauiz (1894), Vaughen {1913, 1914, and 1918},
Drew }1914), Goldman {1928}, Fteld {1931), Thorp (1938), Newell et al (1951), .
Newell and Rigby (1957), and Hling (1954), These studies degit prifaiTly with the
gralns comprising the deposits, their orlgin, composlﬁon, and general distribution
throughout selected areas on the bank, as well as reports on varlous land forms, reef
corals, ond topographic features presem on the surface and flanks of ?he Pimferm

“Mode of origin and Internal structure of the Bahamd Banks has recelved rhe ,
ottentlon of varlous Indlviduals, -One of the first to speculate on the genesis of this -
structure was Nelson {in Schuchert, 1935), who entertained the view that the Bahames

werp egsentlally of deltale origln, and that the materials composing the Banks wers

derived from the waters of the Guif Stream which were checked bz: Atlantic waters a3
the Guif Stream emerged fuli strength from the Guif of Mexico, Woodring (1928)
bellaved that the Bahomas representad o serles of West indian Cretaceous folds fhcﬂ'
wara worn down and submerged; the highest polnts subsequenﬂy belng covered with a

" veneer of calcareous sand,

Fleld (1931), onthe basis of gruvity data wid stratigraphic observarlon* on various ~
Bahamlan Islands, stated that the Buhamas are net underlain by igneous reek and prob-
ably did not originate os the result of volcanic action. He cenciuded that although
the Block s approximately In isostatle equllibrium it appears to be somewhat unshﬁbie,

o “having undergone several silght vertical movaments, Hess (1933), utilizing grovity

and bathymefrlc data, showed that o great suEnergence in excess of 14,000 fest has
taken place in the Bahamas, and the general fleld of negative anomalles he observed
over the Bahama Block is due to a vast thickness of light sediinent beneath the Bahamas;
howevet, the do!omlﬂc rzaf materlal being rolatively heavy causes the anomaties on
the reef to ba less negative than those in ?19 deep channels. Schuchert (1935) held
fhaf the northern Bahcma Bonks and the western portlon of the Great Bahama Bank were

s:’osad of essenﬂally unfolded sadimentary strata belonglng to the Mexlco=Florida
fore d.plate, while the eastern half of the Great Bahama Bank and the southeast
t;‘end:r}x‘gmgrchipelcgo were volcanic in origin and posfdcz?ed ths sadlnenfqry porﬂcn of
the Bahamas

Spencer (In Eardley, 1951) cited an Andros Island dee ‘F baring {14, 587 feet-doep)
whlch showed relatively pure, shallow-water carbonates o Terﬂary and Cre"aceous




age; the [atter consittuting about half of the entire sequence. MNewell (1955) stated. ...
~ that the coarse, open caverrious texture feund at meny herizens In the above bering .
Indicated-teaching neartea lovel; thus, making the unaveldeble conclusion that this
" part of the shelf had quietly subsided more than 2% mlles sirice early Cretacaous, aiid
that 1t [s stil} sinking while the Platfarms are belng bullt up near the surface by accu= .
mufaiion of calchum carbongte. He calculated an dvérage rute of accumulation of . © -
consolidated sediment on the Great Bahama Bank of about 3.6 cm per 1,000 years, _

Grﬁv!fy duf;; !ﬁfergre?ed by Worze! ef «l {1953), show a small s&;;;mrd inari’eu‘sie' “
of gravity ccross the Platiorm, with negatiVeTree air anomailes of abau!, 110 miliigals
along the eastern boundaries of thy: Bahamas and southern part of the Blake Plateau,

) Evaluating all existing gata, Mewell {1955) concluded that the.reglon has long
been lsojcted from sources of terrigenous sediments, that no compelling evidence i -
exlsts of folding or foulting in later geologle times, and that 4ittle data have been

- presented to show that frequent Interruptions in the general subsidence (probably the = -

. result of lsostatic adlustment to the steady pscumuidtion of carhonates) hgve eccurred .

during the past 130 mililon years or so, ‘ S S

R} -
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The Tengue of the ‘C:)cecn

The majority of reports on the TOTO have besn primarlly concerned with the
method of channel formation and are based on gravlty, bathymetric, and selsmic dat. -
However, recently a number of sediment samples have been colisctad from the Floor
of the TOTO which glve a somewhat general plctura of the materiai coverlng the
bottom and the mode of deposition, S - g T

I G B
ENp . "

Originy Hess (1933) artributed Initlol formation of tha deep Bohomign channels
to the actlon of running water under subaerial condltions; the dralnage potterns being
mucfurqll[y controlled by some -unknown factors, Subsaquent to formation of tha ero=
slonal valleys, subsidence and ropld deposition of calcaregus material on'the higher =
prominances formed the present Bahomian platforms and chunnels,  Hess {Ibid,) furthar
stated that the contlnuous slope of the valley floors from the upper reaches of the -

. 7" channelito the edge of the continental slope ex?l};d?d a graben and synclinaltrough |

S Y e o2 o N T L U R gy - PR ¥1 e,
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inner gorge or channel running down the middle and @ continyous slope in one direction,

Schuchert (1935) advanced the hypothesls that Andres lsland once faced fher open
-~ Atlantle, ond lator the suspected volcanlc eastern portion of the Great Bahama Bank
grew up In front of Andros leaving the Tongue of the Ocean between. . - -

Ericson et al (1952), on the ba:s'!.'; of Hfhblcg!ca!hundﬂpaleanr-ologléél evidence
from sedimenT cores collected Inthe TOTO, concluded that turbidity current sroslon
~ may.ba lorgely responsible for excavation of the TOTO.and-Providence Channels.

Worzel ot al {1953) re-examised gravity observations collected from the Banks,
ond, in referance to the origin of the TOTO, concluded that most of the anemalies
can be explained by simple erosion of the desp-water portions without canfensatlml

- or, alternately, comstrucrion of the sholiow=worer portions without regioma y=
sation. Newell (1955) combined both of these alternativer ond theorized thet the.

compen= i

‘,..‘..4.,.‘,“,'..
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deep channels are malnly the result of constructional processes through differenf_];ir
deposition and bypassing, .

! On the other hﬁnd, Tolwani and Worze} V(}n Siegler, 1961) coHeb;ed csddiﬂomi -
gravity date ant aftributed negotive residuct gnomalies of =30 fo ~40 milligals over

i+ the deeply Incised portlons of the Bank to faulting which resuited in the heavier . . ...

s sediment occurring of greater depths,

A fé{q}ml:ahépoﬁ by the Univerﬁi-'jé of Mfomi (1958) sfar-e,d vh&l;c& of'a sc’x‘)rcé -

of large quantities of cediment negates the poﬁbim of turbidlty turrent erosion
i creating the TOTO, but, suggested that the chunnel origlnated through some type of -
e - .- block faulting, . A T T i

¢ " Bottom Sediments: The first reported bottom tomples taker {rom the TOTO were
- esllected by Vaughan {1918). He clossified the sediment as globigering coze, and
dlso performed size and mineralogleal analyses on the two c.c‘wTs.‘?%Fcﬁd., Armstrong
- - f 9&g)e=cl¥ecfed_dredgg and core samplas from the-TOTO ond bbﬂcmfhof sgroaphs ot
* selected locations. The photogrophs show an almast vertical bare rock wa??’dgvn to
230 meters, and at 383 meters sand and grovel covers the rock, Between 500 ond 600

- . “

meters deﬁtﬁ the sands and gravels ore intermixed and finally reploted by calearedus © -

Py

~ mud which becomes Increcslngly Finer with depth to the bottom of the channsf (2,200
. meters In the gres sxemined). : e B T
Analyses of cores end dredge somples tokan from the TOTO are presented in &
- ‘technlcal report by the University of Miami (1958), This report clossified the bottom -
, material a5 globigering, pteropod, and oolitic coze, Ths re?oﬂ alio presanted the - -
results of sediment size, molsturs, founal, and semiquantitative spectrographic analy~
ses. Tha report discussed the hummock-{tke appearance of the siope along the entire
length of the TOTO between 300 and 550 fathoms, This feature was considered to be
talus that probably originated from stirring up of matericl found on the top of the bank
- In addition to turbidity currents originating on the &dge of the bonk which augmented
e the talus slope, ' SRR R

B Ny - . - - » - g
. / : . -~ s . P e
Ostlund et al (1962) presented ths results of rediocarbon measurements of the
e TOTO sed!me7 Thras callartad by thin Marlne Lohassbar Unlusslie o8 Micet god

discussed the age of the sediment, bulk rate of accumulation, dnd frequency of tur~
bidity current Flows In varlous areas of the channel,

- Athern (1962 o & b) undertook 1 dstalled bathymatric reconnalssance of the TOTO,

collected sediment cores from the central flar reaches of the channels, and obtalned 78
bottem photogrophs ot various locations,

Rusnak and Nesteroff (1962) dlscussed the struchiizl characteristics of turbldity -

- - current deposits In the TOTO, their composition, arec.of origin, and freguency of -

| oo : ~ occurrence, They further compared the characterlstics of furbldity current depoalts In
the TOTO to abysscl plain terrigencus depesits laid dewn in a similar menner,
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" PRESENT INVESTIGATION, 4
_ Field Procedure : B - - T
Seventy <three sediment cores; 6 grab somples and i"deep sea comera fowerings -
were made from oboard USS SAN PABLO (AGS-30) during September 1961 and |
 Fabruary Y962, —The cores wers collactod ut-depths vorying from #3096 2,800 metars, =~ == |
. Bind the avergge length of each core collected was 99 centiméters. Fifteen of.the R

“““Yediment safnples were obtained with a Hydro-plastic piston corer and the remainder
with o Kullenberg gravity corer, Cores obtained with the Kullenberg apparotus were
coated with @ microcrystaliine wox o few hours after collection to inhibit loss of
moisture, In o few instonces the hydroger jon {(pH) concentration ot the top of the

_core was measured with a Beckman pH meter, A small portton from the fop and” )

"~ "bottom of each core was removid.as soon os the core was breught abeurd ond stored -

under refrigeration while awaiting orgdrtic carbon anclyses. o ..

" Sampl ing stations wéé poﬁfi;"in.edlby(ble;cd H}-F

ix navigational aids in the =,

" areq of the TOTO narth &F = : ha o

“cul~de-ac, Locations of sampling stations are presented in Figure 4, und coordinates
. of sampling station, length of core, and water depth are listed in Appendix 1,

" Photographs of the bottom were token with an underwatercdriera system con=..
sisting of two 35 mm comeras end two 100 wdtt -seconds strobae light sources. A sonar
plnger, mounted oy the comery_frame ond utad in conjunction with the ship's frans=
ducer, and a Precision Graphic Recorder pravided monitoring of the camera=tobottomf - -
distonce. A compess direction vahe was suspended below the comerds to indicats
difection of cemera mevement-end orientation of the photographs.
~ " The comeiu system was held within 5 faet of the desired 15 feet from the bottom
distance durlng the photogtophing ssquence. Eatween 273 ond 572 méters was trov—

ersed during the 2-hour period of each fowaring. - Along thesetracks, photographs ~ -
of the bottom ware token evan%éﬁw‘aﬁésa Subsequent to the field operations,
rallef from selacted photographs was measured and contoured, Comera lowerlng -

i

: Lq“bcmo:_-y Analyses

Utllizing factiities provided by the Marine Labomfm—{,'Univarﬁfy of Mluml,
all cores were analyzed within two weeks from the date of collection. Subsequent

- to Tithological examination and engineéring rtles analyzes, subsamples from the
cores were forwarded to the Oceanographic Office for further anolyses. The following
Is o tabulation of the analyses performed ond description of the rerms employed in the
dato summation tables and the text: - : L

[}

" Constituents: A visuel estimate, based on microscoplc examination, of the
constituents constituting the sand size and larger material present in selected

[T U TR o L abber i oBtit b SEE ool
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Calelum Carbomte (%‘ A determination of the total alkallne earths through
fTfratTon WiTh EDTA a: described by Turklan (1958), The method assumes

the amount of magnesTum and strontlum carbonates In the samples Is trivial, and
results are repcneu as calclum carborate TCGCOQ) solsly,

,Ogunic Carbon (%): The or?unlc carbon peagant In tha sedlmenf as determinad
( the poﬁsslum dTchromate ferrous ammontum sulfate tfration method of Alllson

Specifie Gravity of Soilds: The ratio of the sediment samp!a welghr Inalrto s -
welght in wafer at 4°C, .

Cohasion (lbs/ Inz) The shear strength as measured by staﬁdurci soll mechan!c
- fechnlques UtlTizIng vane shear and compression testing apparctus, The procedurs,

T - T T ‘graphic Office s dlacussed by Rlchards (1741).
' Senslﬂvl . The ratlo of the und!stutbed strength of the sedfmenf to di si‘urbed

SENSITIV!TY SCALE (uﬁar R cbcrds, 1961) ‘
" Percentage of "Undmurbad"

significanca, and rellabliity of this measurement as employed by the Oceano- '“7 ~

&
¢
i

. .J.LA:L d

e Me&m%ere&vmemwff S o e

Sensitivity Description Sfrengtjﬂ.osr in Remoided S?a!e B
<=1 Insensitive o
1= 2 Slightly insensitive . .. 0 to 50.0
"2 - 4 Medium sensitive L 500 te 25,0
4 - 8 Very senjltive ' 75.0 to 87,5 . .
- B8 ~16 Slightly quick ’ . 87,510 93,8
16 - 32 Medium qulck : ' 93.8 fo 26,8 .
32 - 64 Very qulck . 96,910 98.4
> 64 Extr& qﬂck > 98.4

Wer Unit We!ghr (ﬂ cc): The bulk denslty of the sediment measured ?e Qhe
neares y means c'F'we? welght per known volume of sedimant, /% -
Water Content (%): Ratio ln parcent of the wsight of water to the weight of
the drled solld particles In a glven sediment mass.

Vold Ratlo (¢): The ratio between the volume of velds (V) and the volume of

w s L] N
) N - & N . o
V’,
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Coler: Color of sediment is based on the Geological Soclsty of America Rock=
Coler Charfr. ) , : i P . :

- Sediment Graln Size: The sedlment grain siZe scale used 1s the on# categorized
=7 by the classification set forth in the Wentworth grade scale (Weniworth, 1922}
with one modification. The term clay has been replaced by the term lutite
bacause of the minerclogical implications of the former. Tha range ofgrade
4{?128 in E:}H!me?en diameter and phi units [0 = = tog, diometer {milfimeters)] 15
shown below: L :

|

“Pastlcle - Particle
Diometer Diameter - '
. {mm) phi) - = .
- R = T Granules 20000t 40000 © . 2to=} o
Coarse sond _ 0.5000 to 2.0000 =110 1} D
Mediumssand ~ 0.2500 to 0.5000  Yie 2
, | )  Finesand 0.062510 0,200 -  2to 4
T T e £ 1 2 ¢ 1 G5 1 A £ T ¢ 7 2 Sy S (- - R
Lutite < 6.003% > 8 .
SEDIMENTS

General.

" the TOTO ars divided Into 3 geographic categories; 1) near. flank, 2) axial, and
3) eulde=sac (Fig 6}, The bottom sediments in the TOTO display properties and -
- ralationships disFinctiva of these areas In the channal, but, gradational transitions
frc?)“sne type sediment to the other Is present, ond combinations of varlous types
“ 8x St. - - . . . = - . i ! - . )

i
i | - . On the bosis of lithology and physical properties, the sediments collected ffom -
|
|

| - Irrespective of lithological and physizal variotions in the sediments, both

? calclum carbonate content and specific grovity of the sollds show no significant
varlation with depth er location, but are genserally uniform throughout the bottom
and vary between narrow margins, Of a total of 315 cors subsemples analyzed for
calelim carbonate, the maximum valus cbtalned was 100 parcent, the minimum 82 -
gercent, and the avarage 94 percent. Specific gravity datamminations wera run on

+ 32 subsamples-from representative cores, ond the values obtalned ranged from 2,48
to 2.86 with an average of 2,79, .

The resulfs of o sahlqué:;lhﬂva)spec#mhéalml'umﬂysﬁ by tha Un!variifn:f
Miaml (1958} are glven balow, ond may be taken to represent & 20 parcent) cther
possible alements und compounds presant In thu TOTO sediments whe{g CaCO7 does

e S ;,ffr;,,;n.g&mprimﬂmaﬂiramle.
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T Neor-Flank Sediments

© Meaterial - Amount (%)
CaCOj3 85,000
) 5106 - : . 7:000 -
AlOg - ) 3.000
P b0
a .
0° e
B R T ) 0,005 - -
K . Trace
T 8 B ‘- Trace
\ ' “Yrace - -
Zn - , Trace

N Except for the CdCéa contant and the spe’é!ﬂc gvm'frﬂy which tend 1o ramaln

- ~~corstant I the sadiments, cther properties show a voriation in mognitude which is.
. generally dependant upon the ared Trom which the sediment sampls was obtafned, -
- Thise varlations will be discussed below urder the oppropriate sedimentary category.

B

= =

T

Sediments of the naar=flank category are represented by the following samples: - P
B 62-1 - 62223 ¢ o . - 4237 s A
b2v4 6224 . . 238 . - #
62-6. . 4225 - $2=3¢ -7 j
62-9 o a2-2% ‘ 42=57 . . . == &
S s2e10 . 62:28 62-58" - ¢ < ?
62-14 T e2=32 611 s
62-15. ) 62-33 61+
62-19 - - 82-34 &1-10 '
62-20 - 82-35 41-~18
B %Y S+t S i
An examination of Figure 4 shows that these samples are all located on the flanks or
walls bounding the TOTO and were collected from water depths batween 250 and
1,243 maters, e 7
Sediment. ',’.é.;lor In‘ the near =flank areo ls decidedly derker compared to cther-
areas In the TOTO and s dominantly yellowish gray (5Y7/2) grading to a iighter
greenish gray (5GY8/1). (Geologlcal Socisty of America Roek-Color Chart code), '
The mast striking property exhibited by thess cores, excapt for o few from the , :
southern flank of the cul=de=sac, is the smooth, svan color and texturs with dapth i
~ in the sedlment. Flgura 7 presents o longitudinal cross ssction of selected néar= i
‘fionk cores, and, from this, the ganeral ianagenulry—of particia graln size and . e
sediment color is evident, . '
15
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Cores 6237 and 62-57 show a very sharp break In color at varlous depths in the
core, Core $2-37 changes abrupily from a yellowish gray clayey slit to a pura white
- —clayey slit with no rcfpcuem change 1n graln slze or constltuents, The white area Is
underloln by materlal similor to that nbove It, and the pattern Is repeated within a
faw centimeters depth, The white area Is far more cohestve than the material above

== and be‘@w it,

Cores 6236, 62-38, and 62-39 are similor in most respects to the normal near-
flank sedTménts, except for one or two Zones of relatlvely coarse partictes Intermixed
ond separated from each other by finer materfal. These zones do not resemble layers
which might have arl?!mfed through turbidity current deposition but appear more tke S

‘the resuit of sand "falls"; howaver, reworking of the materlal by orgonisms may have = i
destroyed the orlginal bedding, although other evidence of such actlvity Is iacking,
Somple 626, o grab sample, conststed of very coarse reef detrltus, appdrently fram
the nearby Andros island barrler reef, and displayed the coarmest gralned materlal of =
any taken from the channel, S i

Lk
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Particle Slzer Tdble'kg!vés quartiles, median diometer, ;y;airﬁrle devietion = -
___{QDgY ond skewness (5kqg) values of whiomples from cores and grab samples inthe,
““near=flank Arec. Somd generdlrolctlonshlps are glvenbelow:

Qigand Q3 = st and 3rd quartiles, respectively, =~ = _ _
M = Median diamatar, | Poo o ,
QD¢ = 2Q3 = Q1), and
Skag = 5 (Q1 Q3 = 2Md).

In all samples (except thres) the madian diometar Is within the range of stity,
ond, a1 well be shown later, this 1s by %ur the predominant particle slze of the bottora ™ -,
T sediments throughout the channal, The average grain-size distributlon of near—flank™
' sadiments Is 14 percent sand, 61 percent stt, and 25 percant lutite, '

|
‘
S D

R LI 1 TTTI o ey er

The quart!le dsviatton (QDA) Is o measure of the averuge spread of polnts aroynd
the median (sorting), ond when perfect sorting Is obtalned QDF?: equat to zero, The .
sorttng vaives In Table 1 show on almost equal number of pooriy=sorted and nomally=~
FOTTeUsaTTpIENs THIE 16 18 FaTp comTa fo thin S ToUd g VTG 19T
the od[]ucem bank sediments to be so uniformly low that |t was nacessary to break down
the wall-sorted category Into smaller Increments In order for the values to be meoningful.

=TT TETT ==

_ Quarttle skewness {Skqd) 1s a measure of the symmetry or asymmetry of the curve of
particla=size dlstributlon, 1f the curve Is periecﬂﬁ symmetrical, then Skqé Is equal to
zero, |f the spread of partlcle size Is grecter on the fine side (pesitive values} of the ‘
medlan dicmeter, then Skgd Is pesitive, or If greater on the course side, then the value :
1s negative, Tha greater spread of particle sizes on the fins side of ths medlian diameter | i
In thase sediments shows the dominance of fine materla!l In the near-flank araa and may

_ba the result of sediment winnowing by waves and currents on the shailow banks adja=
cent to and above this crea. Water movemsnt ea the bank-may stir up the bétrom ma=
terlal and allow the coarser grains to resettle while malntalning the-finer debris In :
suspsnsion. The fine materlal Is then carrled to the-sdge of the bank, ond, due too i
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 TABLE1 ,
Particle size anclyses of near-flank sediments
Core Depth in Core :
No, {em) Qg Mdyf Q3 QDY Skag/
62-1 8 4,16 5.2% 7.03 144 .. 0.3
48 4,00 5.12 4.82 1.41. 0.29
94 424 5.49 7.57 V.67 0.42
624" Grab 416 501 58 0.5 0.0 é
62=~6 Grab =3,84 f-2.4o; o .0‘93 . S . i
62-9 2 3.7V A7 645 LW 0® ,
" . 3.8% 4,98 4.4 ‘ ,
) s 31 ’ 4;34 5333 B 6;86 . ' LET . i
- 62-10 5 505 6,32 9.4 2,18 o9
o 73 4,5 5,97 ~ - 9.00 2.2 o081 . ¢
‘38 4158 5.82 9'8‘ 2,63 . ;_::,_1_1,___. V < ﬂ:‘
62-14 5 4.56 5.41 7.14 1.29 0.44
g 15 4,58 5,42 7.05 1.24 0.4 |
42-15 5 4.58 5.82 9.81 2,62. 1.3
75 4,50 6.48 9.35 2,43 0.25
121 3.95 5,08 7.10 1,58 0.45 _
62-19 5 3.73 4.80 .  6.57 1.42 0.35
118 4,55 5,54 7.86 1,66 0.67 !
62-20 5 4,94 5,95 9.00 2,03 1.02
T |- N 3. | -G ,7 7. RPN ¥+ WY -4 ESSUNIS——. 2 Y, § B, N - N R
. 130 5,41 8.00 11.98 3.29 0.7
- 62-2 5 4,26 5,19 6.22 . 0.98 0.05 |
78 4,16 5,41 7.95 1.%0 0.45
62-24 3 4,42 5.48 7.85 .77 . 0.66
28 4,89 5,84 10,14 2.63 1.68
: 52 - 5,38 7.76 . 12.85 3.73 1,35
62-25 2 4.37 5,24 6,55 R
Grab. 4,62 5.40 6.66 1.02 0.24 N
6228 5 4.51° 5.5 7.09. 1.29 0.30 |
70 4.73 5.80 8.85 2,06 0.9
6232 2 4.63 55  7.25 _
62-33 Grab 4,32 5,33 7.04 1.36 0.35
19 L
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decrease In current veiocity over the deep chunnel, the mc!erlul semes through the -
water column and is deposited In the near-flank area.
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Constituents: All material greater than 250 microns in diameter was sepurated
fram each subsample used for size analysis and examined under ¢ binocular microscope.
This procedure was followed to determine the nature and the source of the sedimsntary
material and to estimate grossly the abundance of various components presant.

Near=flank sand*sized particles are composed predominantly of skeletdl and non-
skeletal calcium carbonate. The skeletal debrls 1s represented by the tests of plank -
tonlc and benthonic forominifera, pteropods, ostracods, calcarecus algae, molluscs,
coral debris, aleynarien spicules, and echnold spines ond plates. MNonskeletal rerﬂ" '
cles are colites, casts of toraminifera, cnd ocolith=ltke particles deserlbed by 1liin
(1954) es grains of aragenite matrix., In addition to the culcareous materlal, smal? e

" amounts ogsm;eoug sponge spicules were encounterad, i

In the malority of the near=flank cores fibrous plant~ilke material is present and
serves to aggregate numerous fine particles which ordinarlly would fall into a smaller
particle=size cotegory,

No visuol or mineraloglical examination of the material comprising the silt and
futite fractlon was made; however, X=rdy analysis by Rusnok ond Nesteroff {1962y — - -
revealed that the finer fraction becomes more coleltic with decreasing groin size,
and the less than 2 micron fraction contains about equal amounts of calcite and

l
t 7 gragonite, 7
|
4

Placemant of this sediment Intc one of the existing deap=-ssa sediment classifica~
tions after Revelle (1944) or Oloussen (1961} is unwarren’tccfiu these categorizing
schemes were originated for the comstituents norraally found In deep—iea oreas awdy
from rich sources of shallow-water materlal. Likewits, &lausificatjon of the sediment
under one of the many schemes for shallow=water sadiments Is not feasible due fo the
large quantity of desp=sea components, Consoquently, the bottem material from the -
near-flonk area will gs rafarrad fo o8 calcareous ooze, und no generic implicationy =

‘éirf#m e Sy ‘jt:; [ - [ — . N

Organle Carbon: Organlc carbon content of the top centimeter of the near-flank

P T Ts hioh relative to wmples from the central area of the TOTO, The lowest

2.48 percent, and the average 1.22 percent, These values are lower thun those ob-
talned on the shallow banks surrounding the channels where values range from 3 to 8
percent organic content (Trask, 1955) EJf ore higher than the average deep=sea sedi=~
ments which contaln 0.8 to 1.5 percent total organic matter (Schott, In Trask, 1955).

" A strong odor of HaS was neticeable from all the near=flank cores, Over half of
the-cores from this group were measured for hydrogen fon concentration (pH) at the top
and bottom immediately after being brought aboard ship, and In all Instances the pH =

, was between 6.0 and 7.2. In contrast, cores from the central or axial area show itho=
| logle features Indicative of oxlidizing rather than reducing conditions,

Mass Physical Properties: Measurements of sadiment denslfyr water content, vold
|  ratlo, and poroslty were made, and the results are presented In Table |l. In some
| , instances, cores sultable for particie size analysis were not considered sultable for mass
| ,

21

" “volue of organte carben content from near=flonk samples was 0,21 percent, fhe highest .

i




phytlcol propeﬂles analyues consequemly the data for @ purﬂculcr core may uppecf
~ under ene heading and not the other, ! .

TABLE H

Near-flank sediment density, water content, vold ratio, ond poresity

Wet Unit Water

22

1.76

Core’ Depth In Core Wel Content Veold. Porosity
No. {cm) : ce) (96} Ratlo (%)
42=1 8 1.53 89,10 1.60 61,53
— = 47 1754~ B2.62 2.30 69.69
71 71.37
94 1,60 68.86 1.94 85,98
62=10 14 1.55 82,22 2,27 C 69,41 .
42 61,34 -
73 1.43 48,08 1,87 65,16
108 74,06
136 1.65 74.06 “1.76 63.76
62~15 15 1.73 . 52,79 1,46 59.34
43 55,40 ‘
75 1.80 50,98 1,32 57.08.. .
8 ‘ 59,29
o 121 1.77 45,51 1.30 56.52
30 75.94
72 - 1.59 71,42 1.99 66,55
a8 - 90,44
e e 2T 1g- IR S5 ST R N i =
- $2-20 31 1,66 58.94 1.86 62,40
56 ' 61,62 : ‘
79 1,83 64,14 1.80 64,28
105 72.73
130 1.60 - 71,73 1.99 66,55
4221 18 1.60 67.82 1.92 65.75
48 - e 66,75
78 1.64 43,33 1.77 63.89 )
100 \ 61,45
- 136 1.66 68,71 1.83 64,44
T 62-24 3 1.63 88,77 1.84 64,78
‘ 18 ) 65.12 .
28 1.61 63.49 1,83 64,66
39 59.78 :
52 1.63 61,41

63.76

S g L RO
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TABLE 1i T T T e s
Near-flank sediment density, water content, vold ratlo, and poresity (Cont'd)
o Wet Unlt Water :
Core Depth In Core Walght Content Vold Porosity
No. {em) . (gmz:c) (%) . Ratlo (%)
42=28. 13 1.64 63,30 1.77 63.89 ‘
44 40,98 ' :
70 1.85 61.08 1.72 63,23
114 60,23
142 1.63 66,01 1.84 . 44,78 :
6237 3 1.72 129,89 2.72 73.1
. 27, 74,62 ‘ : i
33 38,80
34 : 88,49
59 1.72 46,69 1,37 57.80
62-38 2 74,05 - - : i
- 26 83.34
A7 24 i
62-39 17 - 1,85 65,85 1.98 - 56,44 i
28 g 65,90 - H
48 1.63 66,04 1.83 44,46 g
70 . 94,75 , i
20 1.51 83,01 2,37 70,32
42=57 1 1.50 91.16 2.55 71.83
43 73,74 i o
?4 1569 60.82 ‘0657 62.26 !
113 81.50 .
145 1.49 53,41 1.60 41,53 y
§2-58 3 1,99 121. . 3,44 . 77.47
26 115.35 o : i
44 1.47 . 97.79 2,75 73,33 i
o - 69 85,72 ’ ]
- —— - = ﬁ R ?'{;‘3 Ty “"" ‘5 - '2;%;;_77:;‘5&" s '-':'-:t‘,: <‘
61=1 3 1.72 56,09 1.53 60,47
16 56,84
28 1,72 56,00 1.55 60,78
37 1.79 48,85 1.32 56,89
47 47,48
815 5 1.59 72.18 2.0 85,77
: 15 1.67 59,77 1.6 - 62,40
45 1.70 54,64 1.53 60,47
_ 57 1,70 40.30 1.62 61.83
41-18 5 1.34 92.15 2,98 74.87
17 1.55 83.48 2,29 69.60
. 23 72.57 g
35 80, 94 ;
45 1.54 79.26 2.24 69.13 i
55 1.55 81.10 2.25 69.23 |




Density megsurements were cbtalned by Inserting a chrome cyiinder of known
welght and volume Into the cere and extruding the core from the liner for o distance
equal to the length of the cylinder, After trimming and w!p!ns the exterlor and ends
of the cylinder clean of excess sediment, the waiggt of the sediment and Its contalnes
were obl?uined. Thls procedurs measured the wet unit welght of the sedimentary
materlal,

~ Water content of the sediment was measured by longltudinally spiitting the
increment used In the density measurement, extracting a sufficlent quantity of the
sedimen? from the center of the Increment, welghing the sample Immadiute!{, dryling
ot 105°C, ond rewelghing, The water content was calculated by the equation:

‘Water Content, w(%), = (Yet Welght = Dry Welght) «
Dry Welght

10,

The vold ratlo was dg?ermtned by the equation:

- A%
Vold Ratle, e, = M
. Vs

Whefe V. = D!z BUIk Dam"!
¥ Specific Gravity

and Vo= 1=V,

Porosity of the sediment was obtalned by the equation:

v
v 8
Porosffy (%) = Total Volume * 100 = g

The values presented In Table |l show approximately 70 percent of the ceres In
the near-flank area decreasing In water content, vold ratlo, and porosity with depth
In the sediment and Increasing In density with depth. However, partizie graln slze
1s strikingly simllar through the sediment, and the minerafoglcal composition Is aimes
wholly CaCOj. The Increose In denslty with depth In the sediment 1s most [lksly the
result of compaction and contequent less of Intarstitial water. N

T ﬁlc}: are the mextimum, minlmum, ard average values of the properties tubulated
n Table i1: , —

Averugé

Preperty Maximum Minlmum
Wet Unlt Welght 1.80 1.34 1.62
Water Content 129.8 47.4 - 70.4
Vold Ratlo 2.98 1.30 “1.93
Porosity 77,5 56,5 65,2

24




- Axlal Sediments ) , - , ;

Bottom samples representing axlal sed!ments are from the relctivaly flat area
located at the base of the flanks of the channe! In the narrow, elongated portion of
the TOTO north of the cul=de=sac (Fig 4). -Compored to near-flank sediments, axlal

~sediments are ehuracterized by lighter, more varled celar, g wider range of particle
_graln size, h!gzer density, lower water and organlc carben content, ond many abrupt
changes In [1tnology with depth In the sediment, Cores 62-60 through 62-63, wh!cﬁ‘
are from Nertheast Providence Channel, are Included hereln because of their simllarity
_ to axlal 1ediments, .

- Cores included within the exlal category ares

62-2 62-22 62-50 6176 - ]

62-3 62-23 - 62751 61-7 .

62-5 62-27 6252 61-8

62-7 62-29 62-40 61=21

~ . 62-8 62-30 62+4] 61-22 :

S 4213 62-31 - 4262

- 62-16 62-47 62-43

62717 62-48 61-2 ‘
42-18 62-49 414

l ' : Samples from the central reaches of the channe! show frequent, cbru?t changes In
‘ - sediment color with deﬁ#h If the core (Fig.B). Colors range from dark ysilowish brown
' (YOYRS/ &) to a pure whits (N9}, and, In the ma;orhy of Instances, the color changes
f do not appear relatad to o change In any particular sedimentary property. Colors in .
“the orangs hus are prevalent and are bellaved to represent oxldatlon of the-ferrous fons
present In the sadiment, As opposed to the near=Flank sediments, no i{25 odor was de~
tacted In the axlal sediments, and the few pH measurements taken wers always In sxcess
of 7.0. Superimpoted on the colors recorded In Flgure 8 are occaslonal blulsh=black
motties and strecks throughout the -majorlty of the cores which are probebly due to de=
_composition of plant debris Incorporated In the sediment. Plate | compares @ typigal - -

‘P‘;uk::..x;_“_:t.‘ii.,““' A

- T ~ core from the oxlal ond near=flank grea, )

Almost all exlal cores contaln ralatively coarse=gralned loyers orlented normal ro-
the core axls, These loyers are In sharp contrast with the underlying materlal, grade
gradually Into the overlying materlal, and show a gradation from coarse to fine sed!
ments upward In the core, Plate 1 Is an example of this typs depasit, and cora 6121
In Figure 8 shows the decrease In medlan graln slze dlameter upwards In one of the

.graded beds. !n a few of the cores the coarse layen are only slightly coorser than the
- _srrounding material, and, as a result, In o freshly spllt core ths upper portlon of the
i . groded sequences are difficult to recognize. However, on drying, the decrease in
| particle size upwards becomes ¢ cuous, ond, as discussed by Erfcson et al {1961),
" - the shrinkage of such sediment on drylng is proportional to the ratio of [ufife particies -
to larger gralns. In effect, the differential shrinkage of the sediment when thoroughly !
| dry produces o smoothly tapered Increment where the base of the sequance (due to less ;
i . contractlon) {s wider than ths upper portion of the layer whera It makes contact with the
overlying sediment,

EREs WITEIE S
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Cause of graded bedding simlicr to that present in the TOTO sediments Is discussed
by Kuenen (1953) and Kuenen and Menard (195Z), and lithologic features of this natura
are suspected to be the result of depasition by !urgidify currents of high density, Such
processes are of short temporal duratien, and the velocity attalned by the turbld flow Is
dependent upon the density of the flaw and the slope gradlent ovar which It Is passing.
As the turbldlty current decreases In veloclty, the coarter and gradually the finer an
finer partlcles are deposited; hence, vertles! groding results. Graded beds of this
nature and the suspected mode of deposition have been designated by Kuenen (1957) as

“turbldltes, " and this-nemenclature will be uied hereln,

Turbldites do not generally occur at the same depth level in all cores, or ore thay
of the seme vertlcal thickness. Since all cores except those preceded by the number
61 ware taken with the same Instrument ond following the same method, differentially
Induced comgaction through varluotion In sampling procedure or Instrument typs s not
suspected for the lack of correlation between turbldites from one core to another. To

_account for the lack of horlzontal continulty, extensiva sheet=llke turbldlity currents

are not theorized, Instead, {ocalized turbldity flows within the many guliles trending .
at right angles to the bank edges and Inclsing the channel walls are more {lkely, High
veloclty restricted flows of this nature are discussed by Erleson ef ol (1941}, and such

locallzed transporting phenomena which have originated through slumping on the upper

walls or bank edges bast sxpialn the discontinueus, variable distribution of the turbldites, -

Rusnck ond Nesteroff (1962) discussed the TOTO turbldites In detall and concluded that
70 to 70 percent of the channel deposlts havs been prodused Gy turbldity currents.

it 1s stated In d Technlcal Report by the University of Mlam! {1958) that density .
(turbldity) currents created by Instabliity of sediments on the edge of the banks may
contribute materlal to the floor of the TOTO. Many of the cores In the nsar~flank
area were collected from within the gullles and displayed no faatures suggestive of
turbldity current deposition, Consequently, it Is expected that the turbldity currents
originating on the banks above the near=flank crea tlow with sufficlent velocity down-
slope to prohlbit deposition In this area. On the other hand, turbldity flows may be
originating newr the base of the flanks and flowing outward Into the channel, thereby
accounting for the absence of turbldlties In the near=flank sediments.

of slits, a slight Increase In sands {ganerally explained by ths coarse turbldite layers
esent), and a falrly large Increase in lutltes (Table 1l1), Average porticle size distri=
tion In the axlal area Is 17 percent sanc, 49 percent silt, and 34 percent lutite,

Sorting values are higher {n thess sediments as a result of an Increase In sand and
lutite, Over 75 percent of the samples cnalyzed are poorly sorted, and the bulk of
the remalnlng samples show average scrﬂmg. Sorting values In the turbldites are
generally high. Rusnak and Nesteroff (1962) discussed sorting coefflcionts and ex~
plained the poor sorting in the turblidites os relating to the small size of the channel
which limits the distance over which sorting can oceur and to the hydraulic behavior
of the varlaty of blologlcal debrls In the turbidity current flow,

sedmeants; however, compared'fo the near=flank area, there Is o decrease In percentage

e 2 L AT LI L s B 1

... _Partlels Siza, Silt=lzed particies are the dominont size fractlon Intheaxtal . -
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- —— \BLE 1} - - — r;
Particle size analyses of axtal rediments. 7"
Core Depth’In Core 7 ) o . g ‘
No. em) - Qig Mdg QY  QdF  Sked
62-2 27 3.94 5.8 8.09 2,08 0.34 - i
. 84 e BR 7.92 11,99 3,38 0.69 i
A 136 5.74 8.90 12,33 3.36  ~0.B7 L
623 5 6.58 8.24 10.45 1.94 0.28 a3
43 5,01 7.4 1.67 333 G, g
65 ‘*‘ 5043 80%,;’ II"% 3./‘2 .ey ne ‘,i
120 7.53 8.5 | i1.46 287 . 05 YT
62—5 2 IL 1 075 2-67 4-45 'x133,5, o&,; — ».‘:
o g8 =343 4.93 5,50 V.24 Q.24
12 3.32 5.17 7.48 2,08, 073"
§2-7 5 533  7.08 . 10.00 2.3 0.37. i
32 -%2 B - 5-?2 ° ?5’9: -._2.04 ‘-24 B v,};
A4 . 4.28 5.93 . 9.59 2,66 38T
88 5.04  6.84 10.00 - 2.48 - -0.68
117 5,58 9.00  11.80 . 3.1 - -0.3) “
140 2.9 .. 5.93 9.44 = 3,23 0.2 -5
: 154 4.8 ° 7.0 2.94 2.5% 019 -
62-8 5 3,77 4.89 6.75 V.49 --0,37 4
: 14 3.9  5.24 7.62 183 0.55 2
. 42 4,05 5.3 _ B8.05 2,.00. 075 C
. 67 3,21, 3,72 7 513 ° 0.9 0.40-
74 486 .14 10.02 © 2,58 1,30 .-
62-13 9 4,62 5.40 7.17 .28 0,50
, 40 3,50 4,12 5.0 .20 - 0,59
70 4,94 7.00  10.49 2,78 0.72
e —ga . B T e S
134 - 5,02 6.95  10.57 2,78 ~ -0.83. -
82-16 2 5.40 - 7.67 10.90 2,75  0.48
; 7 5,75 8.13 10,91 2.58 .20
80 5.98 8,36 11.20 2,62 0.04
, 156 8,41 9.2 1.99 2.7 =0,01
42-17 5 570 8.13 1.0) 2.66 0.24
‘ 76 5,29 9.20 15.85 5,28 1.37
103 . 3,46 5.40 9.42- 2,98 1.04
29
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Particle size analyses of oxtal sedintents (Cont'd)
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T TABLEUT

Particle size analyses of axial sediments {Cont'd)

s yen

Core Depth In Core o E
No, © {em) Q¢ Mdg’ - Q3 Qdy Skay'
62-50C 4 6.00 . 8.80 11,87 2,847 0.04
4 7.35 11,20 515 390 - 0.05
$2-8) 3 5,53 7.74 . 10,09 2,537 - 0.32°
: 25 5,56 8,31 . 11.60 3,02 0.27
56 5,21 - 7.48 9.86 2,33 - 0.08 -
42=52A - 3 5,68 7,86 10,00 - 2.16 0.48
8 5.43 7.52 .55 . 2,56 0.47
52 5.58 8,25 10,83 - . 2:63 0,05
76 4,99 8,75 958 " 2,30 0.5
6720 5 491 654 R4 ¢ 2,27 0.64
- 42 . 5.00 6,08 704 0 07 -0.01.
4261 6 3.55 5,05 7.95 2.20 © 0,m
g : 26 4,06 . 560 . 918 ° 25 - 1,02
68 3,78 5,26 = -8.29.- _ 2,5 _ 1.03
93 3,43 525 8.78 2,68 - 0.86
. . 133 - 5,35 18.35 13.87 U 426 1.2
6262 - . 20 5,36 736 11.08 2,86 . 0.92
73 - 514 . 8,25 - 12.45 3,86 0.55
’38 5:42 " 7-90 "1].614 x 3'1‘ ) 0-63 -
42=63 3 501 6,70 10.05 2,52 . 0,83
32 5.59*f’f 9.23 ‘ i4n10 4:30 0'57
812 5 3,17 - 3.73 5.88° - 1,3 0.80
: 15 2,66 4,07 - 685 - 2,000 0,59
25 2% 436 754 20 232 046 .
- o Cb1-4 .5 5.42 7.13 9.99 2,29 0.58
o 15 545 7.49 9.66 2,01 0.17
— 25 6.07 7.80 10.67 2,30 . . 0.57
32 5,47 7.28 10.75 2.64 0.83
61-6 5 5,72 7.02 . 10.02 2,15 0.85
25 5,57 7.15 10,58 2,5 0.93
35 5.80 7.62 11.40 2,80 0.98
45 4,84 6,33 10,50 2,83 1.34
61-7 5 6,06 - 7.59 9,78  1.86 0.33
45 0.15 2,19 . 4,32 2,09 0.05
~-= 50 2,13 =17 5,41 -1.12 0,10
31
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CTABLE I

Partlcle size analyzes of ax!al sedime{m {Cont'd)

Core Depth in Cors -

No. . (em) QY - Mdd Q3 QDY . . Skag
61-8 5 4.89 8,52 17,1 2,11 - 0,48
25 5,02 6,55 11.55 3,27 1,74
65 5.22 7.30 10.73 2.76 0.68
61~2) 3 23,93 T 4.74 8.15 2.1 1,30
. 10 _ 4.3 6,45 B.4&0 2,15 8.0
15 3.55 6.01 8.53 2,49 0,03
29 3.54 6.09 8.64 2.55 0,00
40 4.90 7.31 9,72 2,41 0,00
50 2.5 5.69 8,88 319 0,00 .
55, 0.28 3.87 7,45 3,59 0.00
59 5'27 7163 V 9699 2‘136 o:w
94 550 7.9 13,02 381 L3
61-228 4 4.99 6.20 9.00. 2.01 - 0.82
’ 12 5,26 6.85 10.5¢9 2.67 ° 1.08
= 22 5,95 7.77 11,74 - 2,90 1.08
- 30 6,39 8,43 12,30 . - 2.%6 - 0.92

o

: Skewness values are predominantly pdslthr‘o“héwe\;ar'r pfﬁpo&iok&“y more samp!es
. are skewed In a negetlve direction, and the skewness values more closely approach
‘ " zero than near~Flank sediments, ‘

Constituents: Ungraded sections of the
foraminiTera and pteropods; although, raef-derlved materlal Is present to some degree,
The turbldites are composed In equal part of pelagle end yeef~derived materlals,

3
g -
b e

STV SN PPPRIRFI

Pteropods presént In the gru'ded beds are dominated by the genera Cresels (the“tapered

Trim— e e = >=aa=y CEE T =sa——ys

Core 62-8 contalned o number of both clear and smoky angular quartz partlcles
which were not encauntered In any other sore, Source area of the gquartz Is unknown
but could be explalned through transport by winds from a terrestrial continental sourte;
although, wider distribution of the anomalous particles would then be expected, s

Orgonlc Carbon: Organlc carbon content In the axlal cores averages 0,44 per-
cent ung Is about T percent lower than the average for near=-flank sediments, The

mujority of cores show a sharp decrense In organlc content with depth. The maximum
value encountered was only 1.08 parcent.. . .

Vaslcek {in Erlcson gr_d_l, 1961) advanced tha theory that };rb!d!fy currents rushing

down slope should sweep up or carry aleng much living or dead makter which weuld be
deposited with the finer froctien, Previously Erleson et al (1952) reporied the common

32
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occurrence of pln;f debrls and hydroh:clllf; {on cn-norphous m;os;{ﬁééﬁéf fr

Fe5.H,0) in ungraded beds within cores from the North Atlontic. However, 1t con
be shown that no evidence of Qrﬂc entrapment Is present in the graded

ax!s! sediments, and organic ca

fons of

values from turbldites In this area follow the

general decreaze In organic matter with depth found throughout the edimént.

- Mass ﬁ:yﬂcul Propsrties: Axlal cores display relationships between physical 7 .
g:fsrﬂcs with depth In the sediment which ore similar to the near-flonk groups
}

ment density generally Increases with depth; converse!
ratio, and povosity volues generally decreoss with depth,

¥, water content, vold

Table IV shows the sediment from this orea fo'b:emsng)ﬁly denser and com’iﬁeroblj; :
tharenear~flonk sedimeats. in addi~.

lower In water content, void ratio, and porosity

tion, the uklal group shows less mognitude of variation of these valuesioround the
mean. ‘ ) R
. Below are the mcxlm;m, minimum, ond average values of the pvo'b’er?ies ?”uj:uriofed.
In Table IV: T s - -
Property .- Moximum * ,\.Mlni"gum o Avoréé; -
- Wet Unit-Weight -~ - - 1.76 . ° ‘1.53 ~ . 1.66 E
Water Content 8.1 44.5 - 66.9
Vold Ratlo - . ' . 22,58 . 1.35 > 1.75
Poroslty . -~ . -72.Y -.56.3 63.0
_. ._Cul~de-suc Sa:iimants ; 7 )
~ -Bottom samples representing cul~de-soc sediments are from the f':iu); central ur&:
-of the cul~de=sac and the flunks bounding the northemn and northeastern portion of this

ared (Fig 8). Cores from the central portion of the cul=da=sac are differenticted from
neur-flank and axlal cores by more frequent turbldites, poorer sorting, lower density,

Cores Included In this group are:

62=40
42-41
62-42
62-43
62-44

vold ratlo, and o hi

g

62=45
62-46
62-53

62=54-

$2=35

higher water and organlc carbon content, a high

62-56
62-59
81-11
61-12
61-16

yher porosity.

Coces 62-45, 62-46, 62-44, 62-53, and 62-55 are arbitrarily Included In the
cul=de=scc group because of varlations In color and the presence of a few fecOﬁnlz-
able turbldites; however, these cores are very simllar to near=flonk cores and the

difference between the two Is slight,
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o L C__FABKERY 0 oo oo )
Axlol sediment density, water content, vold rutlo, and p&mfty T
o Wet Unlt Water .
Core DepthInCare Welght Content Veld Porosity :
o. {em) cc) {%)  Ratlo {%)
62~2 27 V.7 34,90 .- 1,52 40,31
60 ) 94,33
85 1 (64 63.’4 ) co 1 'E “'02 -
- ne o 56,12 .
137 1.66 59,69 1.68 62.48
62-3 20 V.69 62,13 1.67 62.54 i
65 1.66 58.54 1.65 - 62,26
T 627 44 JR -4 59.24 1,65 62.25
s -7 L 72,23 o
88 1.71 58,15 1.57 61,08 -
112 o 59,35 R
147 1.65 63,19 1.76 - 83.76
62«8 14 1.85 59.24 1,68 62,68
26 72,23 '
42 1.64 58,15 1.70 62.9%
55 , 59.35
74 1.64 63.19 1.7 63.76
62-13 == F T T T T e 65.51
35 66,06 .
70 1,71 53,31 1,49 59.83
101 . 64,39 : ' ’
- 1,34; . _ ,l ‘7_2 e ;.:’"@.‘L“i;,_ e l ‘ﬂ, PR 7:;7@284, rmenemmmonm e
62-16 3 1.63 68.25 1.87 65.15
_ .46 60.05
15 49.35
‘56‘ ‘ 066 - N
62-17 - 28 1.64 69.89 1.88 65.27
52 : 60,78 ,
76 1.66 - T5850 - - 1,65 62,26
.93 ' 56,85 , T
13 1.67 55.34 1.58 61,24
34 - - 1
i
A




Axlal sediment density, water content, vold ratlo, and porosity {Cont'd)

Water

Wet Unit
Core Depth in Core Welght Content Void Porosity
No (em) (gm/ee) ) Raflo (%)

62~-18 3 1.58 82.94 2.22 68.94
8 72.75 - )

46 1.66 64.31 1.78 63.76
80 66.25 - )

: 109 1.66 64.20 1.75 $3.63
62-22 3 1.57 87,23 2.31 69.78°
) 22 . 67.25 »
42 1.58 76.77 2.12 67.%94
&Y 69.92 S

. 78 1.67 48.36 1.47 59.51

. 32 T 49,62 : ) T

56 = 7.68 53.54 1.54 60.62

%0 53.75

108 1.73 54.14 1.48 59.67

62=29 38 1.59 80.61 1.45 62,26
71 6%.03 .

104 1.56 77.24 2.16 68,35

L 129 1.67 58.02 1.63 61.97
62~30 1 1.68 116.35 2,58 72,06
44 26.81 ;

. . 668 R Y ¢ &0.21 T.62 . 61.83.

o 23 ) 70.81 .
e 38O 169 . 6124 1,65 62,26
- 62=31 10 1.60 67.50 1.91 45,643
45 79.02
78 1070 56-22 ‘ l’55 60!78
123 535,28 : :
149 1.74 4%.04 1.38 57.98
6247 3 1.65 61.52 1.78 63,36
62~48 3 1.74 41.25 1.5 &0.15
27 m.“ T
51 1.74 £1.88 1.29 56,33
76 _ 60,65 :

) 101 1.57 54,82 2.1 67.84
4249 3 1.75 48,15 1.35 .§7.44

\
1
|
|

- L I R e

T e b "o &L

1




Axla! sediment density, water content, void ratlo, and porosity (Cont'd)

Wet Unit

- Water

Cere Depth In Core Welght .~ Content Vold = Poreslity
Ne. {em) (grrj:c) (%) Ratlo (%)
62-50 3 1.58 89.17 2,33 69.96
24 62.86
44 .64 64,75 1.79 64,14
62-51B 3 - 1.64 72,06 1,92 85,75
25 - 1.65 65,13 1.79 44,15
56 1.68 54,74 1.5 40.93
42~52A -3 1.59 87.56 2,28 - 49,51
3 68,38 . L
52 1.48 59.10 1.43 61,57
73 52,73 ,
97 1.74 49.19 1,39 58,15
62=60 - 16 1.70 156,71 1.56 60.93
- : 29 . 55,02 ,
4 1.70 61.20 1.64 62,12
.64 : 59.29
o 82 1.72 53.57 1,48 59.87
62«4} 6 1,67 60,18 1.67 62,54
38 54,21 '
68 - 1.72 55,01 - 1.51 40,15
100 55.27 : : :
, 133 1.70 55,75 1.80 64,28 -
62-62 9 1.69 62,74 1.68 62,68
44 54,06
DT T35 R e 7 77 Bl
138 1.85 59.74 - 1.9 62,82
62-63 5 1.64 75.4 1.98 66,44
17 59.12 .
32 1.66 61.75 1.7 63.09
81=2 é 1.70 " 60,90 1.63 61.97
15 1.68 61.55 1.67 62.54
4 22 58,79 :
61-4 5 1,62 70.33 1.92 65.75
15 1.68 61.87 1.68 62.48
25 1.65 80.76 2.05 67.21
. o
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S - I V.1 -3 A"
_ Axlal sedIment density, water content, vold ratlo, uné,"ismusity (Cbnt’d)
Wet Unit Water .
o L Core  Depth In Care ~ Weight - Content Vold Porosity
R T fem) Igm,/&" ce) - (%) Ratle =~ (5%)
816 : 5 1.67 62.05 1.70 62,96 g
]6 58.25 ' :1
- 25 1.65 63,58 1.76 87,76 o
35 1.65 65.08 1.79 64,15 ;
817 5. 1.5 . 63.00 .75 © 63.66
25 1.66 83.68 - 1,724 63,50 ;
35. S T M7 ‘ o j
= 6]'-8 ) Tt 5 1053 8515, . 2'37 < ; 70:32 R .
25 1.66 64.94 1.76 62,76 -
45 .64 65,67 1.81- 64,41 3
. 56 . 1.65 1 R L 1
61~21 3 1,69 56,76 1.58 61,24 _ i
12 1.66 44,86 1,78 63.76 )
4] 1.69 59,30 1.62 61.83 i
.28 1.69 62,73 1,67 63.54 1
- 48 . 1.7¢ - 54,67 1.51 60,15 "
36 1.68 55,14 1,56 60,93 - i
¢ 1.71 59.06  1.58 61.24 i
4 1.73 5.72. 1,52 60.3Y &
é1~228 . . 4 - 51,99 ,
IR 8 1.73 53.83 1.47 59.51 i
20 58,36. ‘ Y
29 ’ 80.74 T
o R rﬁni;ézirh;d?ml crass sectons of cul~de=ac cores are presented In Flgure 9, and,
from this figure, the cores collested from the central, fla? reashes of this areq can
be seen to conslst almost in equal part of turbldites and sadiménts laid down particle=
by=-particle from the water column. Turbldites in this area gccounted for waﬁaover
45 percent of the sedimant column sampled. in the cul~de~sce It was difficult to
ascertain the upper contact of turbiditas with the overlylng sediment; hence, It Is
possible that a larger percentoge of the sediment column Is due to turbldity eurrents Sl
than the dato reveals, . ) e o
Many of the cul~de=sa¢ cores gave off o strong H2S odor, and the few pH meas~
urements taken were lass than 7,0, ) ; :
i
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T En

cluding zones of turbldite occurrences, cores from throughout the cul-de=sac are
similar In texture ¢nd color to near-flank cores, and the portien of these cores attrib= .
utebie to pelagic fype sedimentation is'miklng{ylslmﬂar to the near-flank area, The
top 2 or 3 centimeters of almost all cul-de=sac cores show an crange~red hue which
Is Indicative of uxldizing condlitions of the surface and which s cbsént througnoGy e~
remainder of the sediment with depth, Core 62-46 contalns o very coorse zone uniltke

a typleal turbidite in that the zone shows no gruding but consists of a reef detritus

where both the top and bottom contact with the enclosing tediment Is sharp, This
porticular sequence Is probably the result of sand “folls” over the bank edges rather

than turbldity current dapesition, . : '

Particle Size: Siit is the dominant size fraction In this urea as wel! g3 the
remalnder of the 10TO; however, the Increase In turbldites compared to the axial
area rolses-the percentage of sond by a slight emeunt. The graded nature of turbidites
Is apparent In coras 62-42 and 61-16 {Fig 9) where o decrease in median grain diameter
upwards In turbldite zones in the core is observable. The average size distribution of
the samples onulyzed is 20 percent sand, 29 petcent silt, ond 51 percent Iytite,

Poor sorting Is prevalent among these sediments, although o few of the samples -
analyzed from the bottom of the coarser turbidites show almost pesfect sorting. Skew=
ness values ore net much different than the axlal sediments In tzf the mplority of
samples are positively skewed with & few negotive values present Toble V). -

Constitvents: Constitusnts comprlting the cul=de=sac sediments are not unlike
the other areas of the channel, Turgidﬂ'es, however, contaln a greater percentage
of reef~derived material, ond colites und colith~lTke particles constitute o major
tlon of the reef detritus, Plant dabris 1s more prevalent throughout cul-de=sac
tediments than In the oxlal creq, and several turbidites contaln thin zenes of this
fibraus materlal tncorporated Into the saquence, ,
- Organle Carbon: Organle carbon content of the sediment In this area Is the
highest encountered In the channel and Is probably due to the Increase In plant -
deh;itus.hdSurf'ace values of organic corben are as high as 2,00 percent and decreass
in the cnannel, :

‘Mass Physlcal Properties: Sediments In the cul~de-sac are lass dense and contaln ™
a higher water content than any sediments {n the TOTO, und, In itke manner, vold
ratlo and porosity values are also highest, Although the water content shows o da~
m -creave from top to bottom in the cores, there are Interruptions In « uniform dssrease
_wlth depth which are probobly due to the large amount of coarse=gralned turbldites
present, The turbldites, belng mors pourous, are capable of holding greater water
content than the fine~gralned materlal above und bef:w.

As In the other TOTQ cores, sediment density generally Increases while vold
" ratlo and porosity decrease with depth In the sediment. '
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Particle size aﬁciys!s of cul~de=sac sed!ments

Depth in Core
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TABLE V
F{arﬁcla slze qnnlyses of cul~de=sac sedimants (Cénf’d)
Core * Depth In Core ,
No. {em) Qly Mdd Q3 QD¢ Skoef
62-55 3 5.48  7.44 10.13 2,33 0.37
58 5,69 8.70 12,23 3,27 . 0.2
120 5.41.  8.00 16.85 2,72 0.13
. 62-56 3 5.55 7.65 10,39 2,42 0.32
47 5,40 8,50 12,95, 3,78 6.8
66 4,86 7.97 17,96 3.55 0.4
62=59 5 5,16 6,64 9.5 2.2 0.72
12 "2.19 4,93 9.80 3.8 . 1.07
22 5,22 7.50 12,55 3,67 1.3¢9
33 }588 3.00 4.9& ) "54 . 0‘42
| } 59 4,99 7.5 10.85 2,93 042
6111 . 4,85 5,85 9,15 2.15 1.15
P , 21 &:44 7.96 10,51 2,04 0.52
? 61-12 5 5.05 6.1 9.40 2.18 1.12
25 6,40 8.07 11.14 2,37 0.70
— 6116 5 5,74 7.09 9,65 1,96 0.0
17 3.85 4.86 7.3} 1,73 0,72
19 3,55 4,64 7.24 1,85 — i
21 2,83 4.6 7.34 2.26 0,92
24 72,677 4,33 7.77 2,58 0.86
27 3,18 3.92 7.10 196 0 1,22
29 2,47 3.79 7.20 2,42 1,00 -
. N . 35 3,08 3,77 6.35 1,64 0,94
R 17 R o+ S T A 1 - - -
51 3,82 '7.85 -2,02 76

e

The maximum, minimum, and overage values of propertles presented In Table Vi
are glven below;

Maximum

Property Mlnlmum: Average
~ Wet Unlt Welght - 1,75 1.40 1.58
Molsture Content 132,53 35.8 76.7
Vold Ratlo 3,61 1.20 2.1
Porosity 78,3 54.5 67.0
42
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| TABLE Vi
Cul~de=ac sediment density, water coni'e'nt, vold ratls, und:;orosny
ore th In Core e ontent of Poreslty
No: {em} Lw\z:c) (%) . Ratio %)
62-40 26 1.55 . 75.06 2.5 68,25
e 46 - 67,97 - T
106 83.27 , - g
129 1.51 88.81 2.47 71.18 e
62-41 3 1.40 132,54 3,61 78,30 |
. 43 _ 103,53 - — 4
75 N ;158 8‘cw “‘01‘2..25 69123 : ré
oy : .43 7T d
S 141 C1.54 - 7,37 0 -2.08 67,52 ¥
T82-42 3 1,45 116,87 . 3,17 76.0Y -
42 4 114.89 - ' : g 3.
79 1.45 87,27, 2,480 72.22 C
113 | 54,73 .- 3
137 - 1.7 0 8.4 20 5454 :
62=43 13 . T84 5971 1.71 - 83,09 o
- 34 - ' 84,22 o ' !
50 - - 1.63 . -.68.78 - 1.88 . 65,27 L
7V T 7808 - '
- ] %9 1.5 59.59, 1.6 - 2,82
62=44 8 1.57 76.43 2,13 68.05 -
36 73,35 . i
. 7’67 P ‘057" _ _77.95.,5__ . -ZQlL ) “;QQ_L_ZS; .;;_;_:::/i:
S 7 2 - B ST
62~45 3 1,62 42,32 1.79 64.15
47 ) 69.77 —
63 1.59 . 69.85 1.97 66.32-
77 80,43
94 - 1.60 - 73.67 2.02 64.88
26 1,69 57.17 1.58 61.24
43 . 66,24 '
57 1.45 63.82 1.76 83.76

|
|
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|
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TABLE VI ;
- Cul-de~sac sediment density, water content, vold railo, and porcsity (Cont'd)
Wet Unit ~Water : y
Core Depth In Core Welght Content Vold Porosity
No. {em) (gm/?:c) (%) Ratlo {%)
62-53 3 1.54 $2.98 2,46 71,09
26 82.85 '
52 ////’Z 066 67-92 ‘.88 65027
78 YA L 67.8) o , ,
102 AT AL - 53.70 .48 59,67
62=54 19 1.54 66.24 2,00 66,67
34 68,38
. 59 1.66 - 63,96 1.75 63.63
62~55 3 1.8 107.86 2.83 73.89
‘ 35 73.57 -
58 B 115'4 90.18 2.16 . 68035‘ .
81 57.74
83 60,33 - : =
120 V.74 49.87 1.839 . 58,15 N
62-56 3 1.54 87.69 2.39 70,50 .
47 1.57 76,35 2,13 68,05
' 66 1.71. 55,89 1.53 | 59.28
62~39 . 22 1.65 44,81 1.7 64,02
: . 45 : 66,24 L .
59 1.78 - 52,19 1.46 59.34 0 -
61-11 5 1.48 96,44 2,69 72,89
N T I \ I I - 'Té _— T - ,% i.“vgﬁif o T - R S S, s o e T Emime
25 105,12 )
35 1.49 100.07 2.73 73.1%
45 84.89
53 ! 83.51
81 58.80
61=12 5 1.56 77.05 2,16 68.35
16 : 758.43 ' ;
25 1.53 90.57 2,46 71.09
~ 45 70.73
81-16 5 1.53"

.:Z»l;'-—vw"' 2 uA&T-' ——
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RATE OF SEDIMENT ACCUMULATION

The following discussion Is based.on radlocorbon dating of the TOTO sediments
by Ostlund et al ?l 9462) and datapresented by Rusnck ond Nesteroff (1262},

Flgure 10 shows the location of a few of the cores dated and the bulk rote of
sediment accumulation of these locations. Flgure 11 glves the frequency of turbidity
current flows at selected locations. '

According to Ostlund st al (1962) the rates of sediment accumulation In the TOTO -
are generatly highest on the bank slepes, Those desper—water cores thot show o relo- .
tively hlgh rate of accumulation are from the narvower sections of the chonnel, ond,

therefore, tend to show a thlcker accumulation for o glven velume of suppiied sediment | o

than Is found In the broader reaches of the bosta.

The oldest sediment doted by Ostlund et ol {1942) in the TOTO was 26,275 yeors
+ 570 yeors ond was berween 132 1o 137 centimeters depth in the core. According to
G time scale presented by Erlcson et ol {1961) this dote {fes within the lasi-glaciotion,
—Erleson et al (1952} reported that Trataceous sediménts overloin by Pleistocenesond - .
Recent sedinients wete encountered in o core taken ot 3,383 metars just north of New
Providence lslohd, The euthors cccounted for the absent series by Rurbidity current
- erasion of exposed Cretuceous sediments af 6 point not fir from the.core location.

- Sadiments in the central atea of the rorome}n:; lafd down through particle=

by-particle deposition, wera Yermed by Rusnak esteroffos peloglc: sediments, ond
they calculated a very slow rute of accumulation for this type sediment. The slow rote
of pelaglc sediment accumulation becomes apparent by comparing the butk sadiment

S qccwnjm‘}or\ per 1,000 yedrs ot varlods locations In Figure 10 og‘ro!mf o range of 1,5 ’
pe

to 3.0 cantimeters per 1,000 yeors aceumulation attributed to peloglc type sediments, -
The balonce of the sediments not accounted for by particle<by=particle deposifion -
during o 1,000 year perlod is assigned to turbldity currents, Frequently the turbidites
ore consldergbly wider thun tie sediments ovﬁ:‘%véchj&ay lie, indicating that an
secumulation of reef~derlved and pelaglc miterlal bullds up on the upper slcpet.of -

~ the neor-flank 4red, and, Through various cauies, 1 releaisd fo Hiow down sicps on

top of the materlal deposited contemporanecusly with the buildup of near-flank
accumulations. - y

From Figure 10 the rate of sediment accumulation can be seen to diminish north=
ward along the channel axls; {ikewlse, frequency of turbldity current ocaurrenze also
diminishes in the same direction (Fig 11). Consequently, as the pretant channal floor
continuously siopes In a direction colnclding with decrecsing sediment accumulation,
it Is expected that the slope of the channel ficor Is In targe port o depasitional gradient,
rather than due primarily to some underlying sfn;ejufal\'pec{bg@!gﬂ. s i
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Shear S’renghm

A test for shearing strength {ccheslon) was performed at the top, middle, and
bottom of all corss considered to be undlsturbed and fo have on unoltered water
content, Where obvious disturbence of the core had teken place during collection, ™
no shear sirength tests were performed; however, In some Instances, water content
measurements were feasible although the exterlor of the core was disturbed,

' Shear strength measurements were performed on the same core lncréinenf; used
" In the sediment density determinations by carafully extruding the sample from with=
in the cylinder and Info the testing device, . - , i

The testing procedure Is decribed In detall by Richards {1961} and Is only briefly
: discussed herein. An uncenfined compression testing device with plestic platens -
. - ot elther end of on oxlol rod wos used to measure the compressive strength (2 times
T - the shear strength) on sediments of moderate firmpess, A stress—traln relationship it
oblained by plocing an ever Increosing load on'the upper end of the dxial rod with
the sediment Increment standing upright beneath, Fallure of the semple was taken
by subscquently plotfing the stress=strain data ond toking failure at the point of
g}t;eec:fesf curveture in the plotted fine, or arblirerlly, ot 20 percent axial strain if
the polnt of greatest curvature was undeterminable, © o

r—— W LM

When the sediment was soupy or not very cohesive, o vane-shecr apporatus_was

used In which o vane was Inserted Into tha sediment and rotated by o comstant=speed
motor., ea of vane rotation and degree of applled torque was recorded ot the be=
ginning ond durlng the test. Somple follure wos determined ot the major Inflection”
polnt of the stress=rotation curve. § ’ . ’

- The results of the shear strength tests are presented in Table Vil and are thought
to be sufficlently accurate for most englneering work. Richards (lbid.) discussed the -
, : ] sources of dfsrurzance to the sadiment during the sampling, transporfing, ond labora=
C— s T = T hory onatysis, - Because o Information was availabie 1o estimate guantirarivety 1he
mctim of In—place strength, he concluded thot values of shear strength obtained
through the meﬂ?odia;}ﬂ{ned in his repert are conservative by an unknown amount
- compared tc In-piace stfrength, - 7 L= B}

Shear strength or coheslon values were determinied In order to caleulate the
ultimate bearing capacity of the sediment. The ultimate bearing capaclty (q)) Is
defined as the average load par unlt area required to produce fitllure by rupture of o
supporting sediment mass, excluding any foctor of safety, and 1y bdsed on the formula:

q, = 1.3 eNg + w d Nq +0.48 riw

: . B
BT e LI
e . : i



¢ = cohes!m,

= buoyan! unlt welght of the sedi metty, A -
d = depth to center of sample Increment tested, ' :
. B = width of structurs footing, and

Ne’ Ngs and N, are beaxmg mpm;fy &!cicrs.
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The formula is apphccbke to sfructures where the leﬁgﬂ? to width ratio of the bose

is Tess than two (square or clrcular loads) and Ts usually reduced toq, = 13 e Ne.

- Bearing sapacity factors are o function of the angle of internal frickion. Where the
angle Is zero {as Is assumed for cohmive scily Ng = 5.7, Nq = 1.0, uaddr =Das
determined by Terzaghi and Peck (948},

Results from tests of core number.62-22 w?.f mustmn ﬁw opphcohon of this . - o

formula. 1f o moss of 35 tons (beoyant weight) with dimensions 12 x 12F x '8 © 7 - % o
placed on the boftom at the locatisn of core 62-22-ond without mpcct veioc:ry,«iha 3
resultant presture of siress on the sediment would be 486 lba/ﬁ ond on ulfunafs _
“bearing copacity of 6t least the some amouot Is required | for support of the mass. -
Assuming a swrface load of q; = 7.4-¢, the cobemm mcemfopa:pporino “pss. , i
I core 62-22 the core interval 0 to 7 centimeters hos o fested tohesion of 0.53 psi, P
Whu:h h.{neglecting time) is suff'cwn! for suppcrt of - ?ke mass. e L o

The majority of cores 'es!ed show a Iorgc |mrmintahes;on mth &cy?h in th‘ SRR

. sediment, and inversions, when present,- ore small in mognitude.- Figute 12, which . - .

~ delinectes areas in‘the TQTO of high ond low cohesion voluses,- 1y hosedoq;tbo aver-, 7}
" oge cojgggnﬁthfwgwrﬁp e ihdividual core. . From this figure the cul~de'soc sediments,.  ~ . |
" except in two Insfonces, have an averoge cohesion of less-than 1.0 psf, 57, which is the- ~.

_lowest in the chonnel, Near-flank sediments show a slightly higher cohesion, and. ..c 3

axlal sediments, except for a zone of less cohesive sediments southaast of Middle Blghr, e

T gTeatly exceed bolh Gres. AITHoUgh The Wmmwwrmwgmw
chonnel are slight, it might be pointed Gut that an'increase of one unit.in the megsred
cohesion valus presented in the exomple used In core 62-22 cthe wwfd increcis the

. ultimate bearing strength from 585 to 2,062 lbs/R2, -

it Is noteworthy that coheslan values foliow o trend con'espcndmg to the 3 sed!- .
mentary environments delineated in the TOTO,. The near-flank and cui~de~sac qreas
(low cehesion) represent environments of high water content, high organies; low den- .
sity, and high rates of sediment accumulation, whereas, the axial area thigh cohesion)

Is chormetarized by relatively low water content, low organics, high densliy, ond fow -
rates of sediment accumulation, Figure 13 delinectes values of wrfacé organic carbon
content and demonstrates-the relotlonship batween orgv;n!c content and cohesion when
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| FIGURE 13 DISTRIBUTION: OF SURFACE SEDIMENT ORGANIC CARBON CONTENT (3) .

51

r

T T A G R AR R0 B S DR

o L AL A BT 30 L s L LT T T 2Ty T R e By e e ey o e peee U
SR i el B TLTh S LTy i3 . Tt




N B TABLE ViI

Shear strength and sensitivity of the TOTO sediments

Cote

Neo,

. Depth In Core

Shear Sh'engfh‘
)

{cm)

61-1
619

61~10

- 81-18 .

Coe2=2
62~10

62-15

62-24

. 62-28

- Near—flank Sediments
3 . 1.0
. . 0.3
15 - 1.0
48 ‘ ) . '35

Sensitivity

L 55 ) > 0.7 . - k ~4 - i
8 0.2 . < 5
47 0.2 . 4 :
94 - 0.6 ° S : i
14 °I5 ’ o s
73 1.0 - o
138 0.9 < e ;
15 )1?7;? - De o ‘1
75— 2.0 6.~ ‘ i
o % S S
72 0.4 6
.”78 S TMDJi P TR W,_ ,i
K 2.5 SR
79 ‘oo s 5 4 =
130 0.7 . ‘
18 ‘ 0.8 o ]
78 0.4 5
136 1.1
-3 0.7 |
28 0.4 S o
52 0.8 6 ~ T
13 2.5
70 . 1.2 4
142 1.2 R

52
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* Sheas strength and sensiivity of the TOTO sediments (Cont'e)

Depth In Core

{em)

Sheor Strength

(pst)

* Sersitivity

. sl=r 5 0.8 - -
. e e o e N L
61-8 5 . 0.4 , -
' 25 0.7 8
45 1.4 -
61-21 3 0.3 S
21 0.7 — L
48 0.3 3
76 1.0 o
61-228 H 2.9 7 .
e 62-2 27 1.0 - =
84 0.7 7
134 - 2,9 R
> 53 — = ﬁ—L = - .

_Near=flank Sediments {Cont'd)

.3 .
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S LT oL TABEVID — T - T
 Shear strength and sensitivity of the TOTO sediments (Conf'd) ;
Core Depth In Core " Shear Strength o {
" - No, fem) - o (psty -~ Sensitlvty
Axial Spdiments (Cont'd} " i T ‘
62-37 20 . ' 1.8 I |
- 65 3.1 6 |
120 a8 s Ny |
L 827 44 -2 S
ST . . 88 . - T h8 A “ i
Fo 147 e LB e g
N . R 3 i /// - . .
62-8 14 SR O A ag, e, - R
42, T Iyg R A ‘
. 74 N ;:Or'z‘_ N . 7 ’ \ - 1
62<%, .30 © 0.3, R s
7 ke R 0.9 15 . f
62-17 8 Lo =
BT <76 1.9 12
62-18 3 0,5
44 1.3 L]
) 1091~ 2.0 LT
62-22 3 0.5 i}
38 0.5 9
?:‘24‘ S 24 ]
= "“2—“2»‘? = = “Lré"' == - IR ?.’t‘;"k T = = !
, 56 4,3 : 14
c - - - 108 3.2 ‘ ~
62-29 - a8 1.3 T
104 0.5 4
129 2,0
62-30 11 0.3 : ]
%) - 1,0 5
120 3.4 N
62-31 10 1.1 -
78 1.9 ) 14
, 14¢ 3.7
62-34 10 - 0.4 S _
68 I ' 25 S _ _ §
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Shear strength and sensitivity of-the TOTO se;ilmenfs {Cont'd)

V Core
-~ No.

Depth In Core

Sheat Strength — - -
{cm} (pst) ;

Sensitivity

-62~47

- 42-488

6249

62-50C

} 32:5i B

82-52A

6253

| 62740

== S 3 B ~ o8
68 ‘00‘7 ‘[;» u‘—é =
133 0.8 S
£2-62 9 ST '
73 S 1.0 - 8
138 1.5
6263 5 0.3
32 0.9 4

61=11

Axlal Sediments (Cont'd) o
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TABLE VIi
. Shear strength and sensiHvity of the TOTO sediments {Cont'd)

Core - ’ Depth lﬁ Core - Shear Strength
Ne. (em) - {pst) Sensitivity
C_h_d,»*ﬂe-suc Sediments (Cont'd)
s1-12 - 0.3
25 0.4
61-16 ‘ 5 - 0,3
N 28 1.2
3t 0.7
62-40 : 26 o 0.8
- . : 129 ! . 075 2
(62=4} 3 - - 04 _
75 6,5 2
62=42 /[~ - 3 I : 1 O
, 79 0.3 2 P
, 137 1.5 5
62~43 N 0.6 ) .
i 750 L . c’a 3 } ) =
6244 .8 0.8 a ,
o &7 . - 0.7 é .
131 0.9 . ' !
62=45 31 1.4 I
L 63 0.7 4
L 94 0.6
YR R S 77 S e
57 0.8 5
$2=54 19 0.4 - y
59 1.0 5 :
62-55 3 0.2 fi
o 58 0.8 |
62-56 -3 ' 0.2 ;
47 0.8 2
) 66 1.7
62-59 B 22 1.0
& B
!
|
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Senaltivity S - B :
Senslﬂvhles of eore samples are glven In Table Vil The values tange kom 2 ro_‘ ‘

.15 {slightly Insensitive to siightly quick) ond show o predominance of very sensitive i
/77 " sediments. The cul-de=sac Sediments are the least sensitive, axlal tediments the 3
.greatest;. and near=flank sediments Inurmed?ute between the two but rendmg moro )
toward °ens!ﬂvmes slmMar to the cul-de-sdc. ’
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__synchronized clock In the data chamber of the camerc permlts caleulations to enable

BOTTOM PHOTOGRAPHY

Comera stotions were locoted throughout the channel ot predefermined pesitions,
Although the photographs from this study canndt be considered to be representative of
the entire channel bottam, the close~spased coverage obtalned along the falrly ex=
tenslve tracks pmvldes excellent reprasentation In the area photographed, and, fram

these photographs and the work of Armstrong (1953) and Athern (1962 b) o general idea '

of the microreilef con be obtalned.

Camera lowerings ot Stations 1, 2, and 3 wera occupled while the ship was ot
anchor, and the [owerlng of Stcﬂon 4 was mede while drifting. The ship's position
was plotted and annotated durlng the camera fowerings on o Decca Hi-Fix pletter,
and @ graphic record of the ship's position, hence, the camera locatien (10 feet),
was ebtalned during the fwo-mcr period while the comera wes in o;‘emnon off the -
bottom {Fig 14),

LCamera iawe'lng Statlon 4 1s represented on Figure 14 by a line frending non‘h- ,
northwest gcross the center of the TOTQ off High Cay. The paths followed by the
other camera stations (1, 2, end 3) are also presented In this flgure, and varlotions In
ship location while ot cnchor are graphleally demonstrated, In the graph of statien 2,
the ship completed one cycle of {t's swing on the anchor cable, and the camera was
brought up while hatfway olong the return swing,

- The graph of Statlon 1 demonstrates the extrema fo which the ship varled In pcs!-'
H‘bn while anchored. [n this instance, the vessel was sublect to o falrly long=perlod
sltch superlmposed on the arc traversed around the anchorlng point. The combination -

“of swfnglng and surglng produced o flgure 8 pattern which the comera system followed, -

The procedure of plotting the ship movement, annctating the plot, and Including a

cne to delete dupﬂcuflom oF track coverage \ w‘riere present.

‘Two out of four of the camera statlons produced palrs of stereo pﬁofogrcphs (Stattons
| and 4}, while ot the remaining stations malfunctioning of one of the two cameras re=
sulted In only one roll of exposures durlng the course of the lowering. _The photegraphs

generally cover an area approximately 13.5' x 8' or 108 2, and overlapping of palrs °

exceeds ona half the area photographed,
Camera Station Data’

Station -] )
Depth: 1,250 metars
Number of Exposures: 362
" Length of Camera Track: 457 meters
Track Positicn: 23° 27,4'N, 75° 58,8'W (Coordinates for centor of frcck)

Camera Psrformance: Sfereogrcphic palrs obtalned from all exposures,
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FIGURE 14 PLOT OF SHIP'S POSIT{ON;PURING QMERA LOWERINGS
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. Sfaﬂan 2
Depth: 1,390 meters
Number of Exposures: 438 ]
Length of Camera Track: 462 meters
Track Position: 24° DO'N, 77°.15.9'W (Coardlnc?asr far center of Sraa-k)
Comera Per‘ormnce: R;gh? comera mulfuncﬂcmed.

'
I
|
dd
!
|
!

Staﬂon 3
_Depth: 1,500 meters
Number of Exposures: 275 : ‘
‘Length of Camera Trock: 512 meters
e Track Posiflon: 24° 27.5'N, 77° 31.5'W, (Coatd!nures for center of mc.k)
“~  Comera Pé‘rfonnance: Left comera malfunciloned. Right comera produced 90
- ] percent double exposures. Doubly exposed fromes were, =
nevertheless, adequate for interpretation, and the good
exposures obta!ned appedr represenhﬂye of the comera C :
frack, .

Stotion 4 , L . .
Depth: 1,929 maters i

Number of Exposures: 572

Length of Comera Track: 1,572 maters - ‘ a
Track Position: 24° 41. 6‘N 77° 34.8'W {Coordinates ot start of fmck)
Comera Performance: Srereo-gmphnc polrs obtained from all exposires.
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" Animat |ife and evidence of its existence is extremaly sparce along the tracks j ,
traversed by the camera syatem, and ot only one site {Sfcﬁon 2) was there apprecicble I
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The majority of phictographs obrcﬂned from all |awerlngs are davoid of animcﬂ lifes .
A few holothurlans were present to some cegree In il the comera tracks (Platesiliand -
V1), end occaslona! brittle stars (Plate Hi) were observoble, Fllomentous plant deixls
{probably derived from the shaliow surrounding banks) was present on oll tracks (see
Plate 1V for an example).

Statlons | end 2 (P!afes Hi and V) show the grectest direct and tndirecf evidence , .
of orgonic activity, while, on the other hand, Stations 3 and 4 (Plates VI end VII) b
show no more than o featuraless, uncomolldored calcareous ooze throughout the s
majority of the track. ‘
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Re!uﬂve to the other camera fracks Sfuﬂon 2 shows fhe mest evldence oF orgcn!c
activity, Throughout the entire length of the track the bottom Is thoroughly pitted
and marked by trails, tracks, mounds, and burrows., A number of the mounds present

" In this and the remaining plotes are thought to represent pebble and cobble debrls

which has been covered by sediment, These mounds are differentiated from orgoni=
cally derived mounds by the lack of an axlal hole, Some sessile forms are present
In the exposuras from Station 2 which ore suggestive of hydrolds,

Armstrong (1953) reported that o very siow rate of sediment danssition prevalls
In the center of the TOTO, and any features on the bottom would tend to be praserved.
“for a long time. |f this Is true then-s small benthlc population zould produce bottom
featuras which could ba mistaken for a substanticl benthic community. in any event,
the Information from the photographs point to an extrems paucity of bottom dwelling.
organlsms on the floor of the TOTO, The low organic catbon values (consequently *
Insufficient nufrients) obtalned from cmciym of the sed:me-m subsfanﬂates fng;e
ﬁndmgs. ,

,Boﬂcm Features

Reltef not c&nnected wlth animal acﬂvliy or purﬁc]e-by-parnctu depus!ﬂm over
pre—existing fectures is present to a'limited degteo in ;pecxf' ic areas olong two of the

camera tracks, ve } 4

Photographs from Stations 2 and 3 showed no unaxpccted evlqun of pou or— T =
present constructlonal processes for the depth and position of the lowering, and,-on :
the bosls.of the photogeqphs, it is Inferred that limited benthic founal activity com= i k
bined with ¢ slow rote oF 1sdimens accumulcﬂoﬁ camf!fufes the dcmuﬁnt mlcrore!fd ¢

building processes.

2o

Statlon 1, In the cul=de=sac, shows an outcrop of either a wall ithified ccﬂcam:us B

““materlal cov coweo’ by a sedimentary veneer or o semifithified bottom materlal {Plate IV).

The outcrop strikes northeast, 1s of undeterminablie thicknass, and scours on orly two -
exposures {the closest polnts to the flank of tha cul=de=sac) nlong the entire track,

A slab of the outcropping matertal is observable in tha top left’ phoiogmph_af Phite 1V,
and It appears to have moved, or Is now moving, In a southerly direction. In the bottom
two photographs on the same plate, clreular plts or deprassions a few centimeters In di-
ameter and depth are apparent. The depressions skow very steep sldes and are located.
only In the photographs taken adjocent to the walls of thé cul~de=sac, The dark -

. material enciosed by a depression may represent pebble detritus woshed off the adjacent
banks; however, the apparent ﬂlcmen&ou: appearance of the materla) somewhat negates
this posstbiilty,
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Camera lc;veriﬁg Station 4, although j:resentlhg the most featurelsss bottom for

_the flrst 1,500 meters of truck, thowed the most unexpacted features of ail the pheto=~

graphs, At 24° 41149"N, 77° 35'01"W the camasra system traversed o well Indurated
limestone cutcrop approximately 24 feet across and terminating In o 3=foot vertical

to concave scarp striking noriheayt (Plata Vill). Stereographlc examinatlon of the
“outerop reveals covities and daprassions In the exposure which rangs from 5to &0 *
‘centimeters in both wldih and depth, and, In many Instances, unconsolidated sediment
covers the base of the depression. A number of the cavities are Interconnected to form

a network of channels, and aimost ol dlsplay sherp angular rims (Plate IX). A mlcro= -
topegraphle conteur map of the edge of the cutcrop Is prasented in Plate X,

Busby (1962) discussed this outerop ond the possible orlgin of the features; ond -
concluded that the depressions are solutlon batlns of subaerlal or [ittoral zona erigln
that ware formed when the outcrop or the Ticer of the channel was of an slevation of

about 1,900 meters higher than at the presert, . _ . e e 2 .

Bottom Currenhs

Twenty~four maters northwest of the outcrop ‘observed in the pho%cagropht from -
Staton 4, pebble and cobble=slzad debris Is prssent, ond Immediately odjacent to
this materiol are wall developsd oselllotory ripple-merks facing northeast (Plate Xi),
The tlpple marks at thls location appear symmetsical ond average 13 cnnﬂmahrz from
crest 10 crast,

- Uillizing varlous saurces of dcta, a rough estimate o! the mlntmum :u;r‘m voloc-
Ity necessary. to produce these ripples can be calculated, The average medion dlom=
ster of the surface ediments In the area of rippls mark formation Is 15 microns; and, -
aecording to Hlulstrem (In Trask, 1955), & mean watsr veloclty of 28 to 43 centimeters’
‘per second Is required to Instigate movement of particles of this diometer, Ripple =

_ marks dliappear or ore obittarated when water r veloclty exceeds o eritleal value, . whlch

A _A__

of véry coarse sandi is YU centimerers par sacond (Shipek, 1¥61). Con= -
saquently, & current of minimum velocity of 28 to 43 centimetan per second and maxi~
mum valocity of 90 centimetars par second s necessary for formation and malntenarice -
of the ripple marks observed In Plate Xi. The maximum veloclty ls probably much
higher than that necessary to obliterate the ripples chservad In this crea; howsver, os
no data are avallable concerning ripple marks In dominantly silt=aized sediments, this
value 15 taken as the maximum In lleu of further informatlon,-

Menard (1952) attributed symmetrical ripple=mark development at 4,500 faet In
the Paclfic Ocean to short=perlod water osclllations perhaps cuused by tides, tsuanamis,
or Internal waves. Inman (1957) polnted out that symmetrical ripple marks raquire
osclliatory currents for formation, since an unidirectional current produces asymmutrical
ripples wlfh one slopa ot fhe cmgla of repose of the sediment and fha oﬁwr more or ian 7

62

FRAREEEES




-

dgp e

" .jm- oLl

“concave. It Is expected that ot the depth {1,929 maters) of ripple occurrence In the
TOTO, either internal waves or tidel oscﬂ!ahons produced the ripp!e marks observ=
_ eble, clthough the latter Is more likely. )

As mentionad above, ad[ocem to ond south of the ripple-marked area is pebble~
_ ond cobble=iized debris which probably has been derived from the resf areas bounding
the chennel, From the phetograph in Plate X1 fhe ripple marks ate apparent, end clese
study of the photograph shows the finer materlal to ba encroachinig upon the farger ‘
debris. The disfribution 6f pebbls and gravel meteriol around the large cobblevsized
-~ fragment in the upper right-hand half of this photograph suggests a strong southerly
current which fs producing @ log deposii in this trea with a not movement of s(pdimm(\f

~toward the seuth,
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SUMMARY

The significant results and conclusions from the bottom sediment investigations
In the TOTO by this Office and previous Investigatiens by oihers are sumcriud
below:

The TOTO Is a long, narrow chcmnef In the Great Bahamo Bank wblch gradu~
atly increeses in depth- from about 700 fothoms In the southerh cul~da=~saz area to '

1,300 fathoms In the northetn portion o the commencement of Northeast Provtdenca
Channel

2. The flanks of the TOTO are steep {15 to 20°) bare rock wails to deptha’af
100 to 200 fathoms. Below this depth to the bottom of the channel the slope is more
gentls, Inclsed by guilles notmal to the Bank adge ond sediment coversd.

3. The sadiments on the Hloor of the channe} are:

a. Almost wholely composed of calcium cdi-bcmfe,
b. -Dominantly siit-sizad particles with a slight Incréase In send In todlnenu
collected from central reaches of the channels,

e, Compesed predaminantly of the tests of plonktenic Formninlfem, pfaropods
ond reef detrifus, ond -

~da In general, poorly sorfed. B}

4, reductng environment prevuﬁs In fha sediments on , the flanks end, toda
lesser dagrea In the cul~ce=sac, while an oxidizing savironment prevalls in the
ndlmg:m In tha flat central reqchas of the northern, aionguted pertlon of f the channel,

5. Sediment density 1s graatast In the axlal reglon and fowest In the naar-ﬂmk
and cul=de=ac areas; conversely, water content, vold ratlo, and perostty are lowest
In the oxla!l region and highest In the near<flank and cul~de=sac areas. -

6, Sedlment density generslly Increases with depth In the iedlmant while wafer
content, vold ratio, and porstity decrecse,

7. Ovar one=half of the sediment column wcmpled In the axial and cul-de=sac
- areas Is the rasult of turbldity current daposition, while the near~flank sadiments
appear to be primarily the result of parﬂcfe-by-pcrﬂc!e secumulation from the over=
lying water cotumn,
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8. Turbldity currents originate on the upper flanks of the channel, Flow down

slope at high velocity within the guliles, and distribute the udxmam ioad locally on )

the channel floor,
9. Freguency of the furb!dity ﬂm Is grenrest In the wl—de-:ac area ond
bacomes less frequent northward In the chonnel. Rats of sadient sccuisulation is

hlghest on tha channel flanks and hecmm lass nerthward From the w‘-daw along

~ the chonnel axis.

10. Ulﬂmu!e beuring sfrengfh of the sediment is lc’wes? in the cul*de-sac and
near=flonk arwas, highest In the uxlal area, ond-cen be shown to. follow fho same
mnd as the. ‘organic c.crbon and water cmtem of the sediments. -

. H. &mcm pﬁdégmp}u thow o pquct!y of benthic faund, ond, ln gomml,
" relatively ieorwe!eu, unconsol!du!ed coze c‘cvars?bi chmnei ﬂoer.

" 12, ‘The photographs reveal o bure rock ou?c:op ot 1,000 Fothom Inthe center
- . of the chennel off Frash Cresk. Features in the ml’crop Indicate subgerlohroslon i
of the expoturs at some earlier geologh: time. .

13. Ripple marks pretant In same’ cf the bottom photograph wagoﬂ ° baﬂo-n
chrenf af 1,000 fathoms of at Ieus} 0.3t0 OJ xnof. .
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| PLATE1if REPRESENTATIVE SOTTOM PHOTOGRAPHS FRUM CAMERA STATION T,

NOTE HOLOTHURIANS AND THEIR TRACKS N LOWER LEFT FHOTOGRAPH, AND
BRITTLE STAR JUST ABOVE CENTER IN TOP LEFT PHOTOGRAPH. THE RADIAL
ARRANGEMEMTS PRESENT THROUGHOUT ALL THE PHOTOGRAPHS ARE BELIEVED
TO REPRESENT A SEARCH PATTERN BY SOME TYPE ANNELID.
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T T HATE IV_BOTTOM MHOTOGRAMIS ROMCAMEA STATION 1. NOTEGUIGROPIN
TOP RIGHT PHOTOGRAPH AND BOULDER IN TOP LEFT, LOWER YWO PHOTOGRAMS
SHOW CIRCULAR PITS OR DEFRESSIONS AND SCATTERED PLANT DETRITUS,
| R * -
.78 5‘-
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T et

OTOGRAPHS FROM CAMERA STATION 3.
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PLATE VI REFRESENTATIVE BOTTOM PN




2 . P L T B AR . et gra=iacn ™

'PLATE .VIT . REPRESENTATIVE BOTTOM PHOTOGRAPHS FROM CAMERA STATION 4.

NOTE CRUSTACEAN IN BOTTOM RIGHT PHOTOGRAPH,
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SCALE (PEET) .
- "f”&:;&f SR
1 3

- -
i

-
1

PLATE Vil MOSAIC O

F THE OUTCROP AS PHOTOGRAPHED BY THE CAMERA SYSTEM
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' SCALE 134

et et L IR IS S O

PLATE 1X CAVITIES AND DEPRESSIONS AT 1,000 FATHOMS IN THE TONGUE
OF THE OCEAN, THE SCARP PRESEN? IN THE UPPER FHOTOGRAPH
IS APPROXIMATELY 3 FEET DEEF ;

PPV
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PLATE X MICROTCFOGRAPHIC CONTOUR MAP OF PLATE X S—
CONTOUR INTIRVAL: | DECIMEYER, SCALE:1 1:17.8 _
i’ 80 o



Lo aaad o

PLATE Xi 3OTTOM PHOTOGRAPHS FROM CAMERA STATION 4.,
OBSERVE THE STREAMING OF FINER FRAGMENTS SOUTHWARD OF
THE LARGE COBBLE ON THE LOWER PORTION OF THE TOP FHOTO-
GRAPH; ALSO, THE SMOOTHER, MORE PLANATED APPEARANICE OF
THE RIPPLE MARKS TO THE RIGHT OF THIS PHOTOGRAFH AS

- _OPPOSED YO THE RIPPLES ON THE BOTTOM PHOTOGRAPH, SCALE

APPROXIMATELY 1:34, '
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CAPPENDIX | CORE STAMOMDATA .
“Core Latitude - Lengltude Depth Length of Core’ }r:
No. ™) RO L e <. U
62=1 . 24°58.2 - 77° 593 677 100 "
62~2 240 57" 77° 40 1829 ‘ 151
82-3 . 247 85,2' . 77° 45,8 1840 127
624 24* 51,9 77° 500 558 _Grab Sainple
625 - 24% 45" 7704 580 13
62-6 - 24° &' AR 1L 498 Gréb Semple
- 427 24° 40,1 7703 1710 o= 158 s #
62-8 - - 24441 - 77° 36,1 1889~ - 81 iy
62-%  24° 49,2 77° W3 841 . 31 ¥
$2-10 240 45! 7L L T, L. 147 ) .
62-1% 247 41,2! © 77° 25,7 988 Grah Somiple
62-13 24° 35' 77° 30' 1683 V5L '
<8R4 24r35 . g7e 399”600 - - . 27
4Z-15 - dr 28 0 77T 457, R .- B
62-14 40 242 - TIU AT 1480 o o178
62-17 - 24% 28 TR Tes8 12 .
62<18 . 246 L. 710R4 . 0 1202 i :
L S T (Al S AN | | A I 7 S &
- 62720 4022 s .. 525 - 140 x
L 62-n 24% 16,1 C7TTASN L 04 ¢ 148 - ;
62-22 4P 17,1 - 7222 1483 L .88, ;
62-23 24°17.9" 77° 28,1 1481 £
62-24  24°19 . TPaR.B L7168 - I
$2-25 24° 14,2 77° 34,4 ¥ 13T
62-25 24" 03 77 - 812 Grab Sempls. ™ - . |
62<27 24° 048 . 770233 139 e - i
62-28 24° 01,1 770 14,2 R T 52 i
62-29 3° 54,9 770 16,1 1353 136
62=30 23° §8,2' 7701810 1344 126
62-31 . W ELT - 77° 2.0 1362. 159.
62=32 23° 57.9" . 7c L 12
$2-33 23° 53,2 77°,28,2' 823 Grab Sample-
62-24 23° 44,7 77° 19" 1134 157
6235 23° 39 R ZABTE 1234 - Grab Somple
62-34 il T IR AR 5 - 1243 72 S
62-37 20289 77° 08.7' 1088 .63 o :
42-38 23° 27! 76° 59,3 179 48 |
62~39 23° 28' 76° 51! 1253 L7
83
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4 o
Amwmx + CORE SlAﬂON DATA (cmm) o
o _bwa-_uwm=:@m*ﬁﬁﬁm£W
Ng. N W m o em)
62-40 . 233w o _“ 76057 . 1826 - . . 138
 62-4\. . 23%39.5 T 779059 . 1330 g
) o b2-42 . 4T . Fre0s - 3% ,
423 - 23y T T 76° 55.8'7
TE2-44 . 5. o 760533
62-45 - 20°54.) - 77000
© 61-46 i 23%36'. T TR -
$2-47 7 2 A4 ,77°’35'c -

E2e48 U 2404130 - 77039
6249 . L Z4S AL 77V 42 “h e

562950 - 4% W% . 770367

S aesr T aew T gman s
oo O2-52A = 24° 3} & . o 770 32|A =7
T 82-53 . WP L 760458

. 62-54 230.45,11 T . 76° 46.2"
T 62-55° - ¢ 28%°47' . . 74%38,3'
Yo 6286 ¢ 13 .4 76 395" 7
R 7 23N . - 76%3 /.
L 658 . 239 - 7603
' 62-59 23*39.8 7847
- 62-60.. = 25° 42+ LTIV AT
S é28) . 2E*9 - TS
§2-62 C25°13.8¢ - 770 35.8
) M . . ::.256 “y - 7734
- 61=1 24° 45,8 77° 44.8' -
61~2 24°.49. 7' I - Y 2% B
8i=4 24300 . . 71 2L9
616 22 9.8 77* ¥
61~7 74° 10,3 77° 29,8’ el ,
é1-8 24° 10,5 7* 22.7' 48 . 69
L 81=9 24 093 7T I5 934 5 ’
81-10 ./ 23% 49,7 77° 19.8 17 -
61-11 . 23° 49.7 R ZAd b3 1414
81-12 ./ 23 51,8 . 77° 06.2" - 1390
L 81=16  / 23°39.5 - 76° 55.6' 134
8i-18 23 39,7 TS © 1202
61=21 . 24° 40.5' 77° 30.5' - 1500

61-22 2439 77° 35' 77E
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