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ABSTRACT 

Seven sediment cores, ranging in length from 90 

to 1290 em, were collected from sediment filled valleys of 

the Mid-Atlantic Ridge at 45°N. The valleys are located 

from 55 to 110 km west of the Median'Valley, in an area 

where ridge and basin topography of up to 1500 rn relief 

exists. The cores were sampled at 10 em intervals and the 

samples sieve-separated into +62 micron and -62 micron 

fractions. The carbonate content of the -62 micron fraction 

was determined. The percentage of Foraminifera and the 

distribution of temperature sensitive Foraminifera in the 

+62 micron fraction was determined. The cored strata which 

are widely correlative in the area of study, represent the 

glacial/interglacial climatic sequence of the Late Pleistocene. 

Glacial marine sediments in the cores are typified by a 

relatively low carbonate content (a high clay content) , a cool 

water faunal assemblage and an abundance of ice-rafted sand 

and gravel. The interglacial sediments are typified by a high 

carbonate content (low clay content), warm water fauna and an 

absence of ice-rafted detritus. Isotopic dates at several 

points in the cores were obtained and indicate that the oldest 

penetrated strata are Sangamon in age. The succession was 

compared with the Late Pleistocene time scale of glacial and 

interglacial events and a significant correlation found between 

the established time/temperature scale for the Wisconsin and 

Late Sangamon periods, and the climatic sequence in the cores. 



Carre encountered in 

the cores was , where 

two or more cores were retrieved, and between separate basins. 

Since strata are correlative from bas to basin 

and are simi thickness regionally, and since strata 

sessing the sedimentary characteristics of turbidites are 

rare, is concluded that sedimentation 

the mode of 
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1. 

CHAPTER I 

INTRODUCTION 

This thesis describes an investigation of seven 

sediment cores obtained from the Mid-Atlantic Ridge in the 

vicinity of 45° N. (Figure 1). The cores were obtained with 

heavy piston coring apparatus aboard the C.S.S. HUDSON, during 

a geological and geophysical survey of the Mid-Atlantic Ridge 

in 1966. The survey over the Ridge extended from the Median 

Valley to about 138 krn west of it and covered an area of 

approximately 6475 sq. krn. Generally, the sea floor consists 

of elongated ridges with up to 1460 rn of relief, separated by 

inter-montane valleys in which the degree of sediment filling 

increases westward.' 

Until recent ¥ear.s, our knowledge of the Mid-Atlantic 

Ridge has been gained from numerous, but widely spaced traverses 

of the Ridge by research ships. The traverse of the R/V Verna 

from Dakar to Halifax (Ewing,l964) is a relevant example, Based 

on comparisons of such traverses, certain generalities cancer-

ning the bathymetry, geology and geophysics of the Ridge have 

become apparent (Heezen and others, 1959, and Ewing and others, 

1966, for example). A natural consequence of these observations 

is the desire to test the consistency of the observed phenomena 

in small areas of the Ridge as well as to examine the Ridge more 

closely in anticipation of discovering further evidence of its 

origin. The survey in the vicinity of 45° 30' N. by the British 



2. 

DISCOVERY II 1960, 

areas by 

signif 

At ic 

C.S.S. HUDSON in 1965,1966 and 1968 have a 

to the detailed study of Mid-

cruise of HUDSON in 1966 signated se 

number: BlO 19-66 by Bedford Institute of Oceanography) 

had as primary obj~ctive, the gathering of geophysical and 

1 on the Mid-Atlantic Ridge. The bathymetric 

survey, covering approximately 6475 sq. and partly overlap-

ping the surveys of DISCOVERY II and HUDSON (BlO 19-65), was 

conducted along parallel east-west lines of one mile separation. 

The ship's whi proceeding along the selected 

survey s was de every two minutes by 's 

obtaining the range and bearing of the ship relative to two or 

three tautly moored, radar transponder buoys. The ship's course 

was subsequently altered to compensate for any deviation from 

the desired track. The position of the transponder buoys was 

fixed by means of ce stial observations repeated over several 

days. In addition to geological station work {coring, dredging 

and sea photography), water depth, gravity, total 

field were continuously recorded. Bathymetric measure-

ments were made with a precision depth recorder conjunction 

with either a hull mounted, or towed transducer. Upon obtaining 

a of the 's position at the end of each two minute 

was made the water from the con-

maintained chart of 

these 

ship's track, a 

s 

iminary chart was 

as the survey s 
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The sediment tribution study was initially intended 

to provide 

ments within 

on the three-dimensional distribution of sedi­

intermontane basins, by means of the long 

piston cores and indirectly, by means of a smic sub-bottom 

profiling system. Design problems with the receiving array 

of the seismic system made it impossible to obtain the sub­

bottom profiles originally hoped for. Such a study has since 

been completed by Keen and Manchester (1970). 

Rather suprisingly, cores of the valley-filling 

sediments revealed on preliminary examination, an apparently 

time-continuous succession of lutites and calcilutites. One 

might have expected a succession of sediments deposited by 

turbidity currents considering the relatively steep slopes of 

the valley walls. To substantiate the lithologic succession, 

the relative carbonate and non-carbonate content of the 

ments was determined at frequent intervals. The stratigraphic 

sequence in each core was thus established quantitatively and 

subsequently found to correlate closely from core to core with­

in and between basins. 

G.A. Bartlett (personal communication) examined 

Foramini of the +62 micron fraction of some core samples 

as part of s research on planktonic Foraminifera of the 

Mid-Atlantic Ridge. Using commonly accepted methods of 

determining the relative palaeotemperature of the seawater in 

which the microfauna dwelt, Bartlett was able to deduce 

generali , relative temperature curves for the cores. Radio-

carbon and Protactinium ages were determined at several intervals 

within the cores. 
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re between carbon-

ate content of this geographic area, and the 

climatic conditions under which they were deposited. That 

is, calc carbonate to have 

warm 
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The sediment core station data are summarized 

Table I fol 



NUMBER PENETRATION LENGTH 
BlO 19-66: LATITUDE LONGITUDE GENERAL LOCATION CORRECTED CENTIMETRES CENT I-

12 45-15.6 N 29-11.4 w intermontane val ley 3085 1646 ? 513 
92 km west of 
Median Valley 

15 45-22.2 N 28-52.5 w intermontane va 11 ey 2985 1592 1190 90 
74 km west of 
Median Val ley 

17 45-20.2 N 28-42.2 w intermontane valley 2880 1540 ? 1030 
55 km west of 
Median Valley 

18 45-23.6 N 29-00.2 w intermontane valtey 2950 1575 1050 901 
83 km west of 
Median Valley 

20 45-13.25 N 12.4 w 4.6 km SSE of core 3100 1650 1650 1082 
station: BlO 19-66-12 

22A 45-12.6 N 28 .8 w atop Bald Mountain 1270 680 0 0 
26 45-14.25 N 28-54.5 w Bald Mountain apron 2810 1500 1220 1220 
27 45-27.8 N 29-17.5 w intermontane valley 3130 1670 1220 1290 

1 1 1 km west of 
Median Va1ley 

45-23.5 N 28-56.2 w north end of Bald 2470 1320 488 1* 
Mountain Ridge 

45-22.0 N 27-56.3 w Median Valley 2970 1590 10 0 
-40.4 N 27-46.0 w Median Val ley 3560 1900 200 

TABLE I. SUMMARY OF CORE STATION DATA 
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CHAPTER 2 

THE PHYSICAL SETTING 

2.1 Bathymetry 

Physiographically distinct zones are general 

observed to occur with approximate bilateral symmetry about 

the Median Valley of Mid-Atlantic Ridge (Heezen and 

others, 1959). The bathymetry map of survey area (Figure 

2), which represents a composite of several surveys, covers 

the Mid-Atlantic Ridge from the Median Val westwa.rd for a 

distance of approximately 138 km and includes only a few 

kilometres of comparable physiography on the eastern side of 

the Median Valley. 

The bottom topography displays a generally marked, 

north-south lineation. Three distinct physiographic s 

are apparent; the Median Valley, the flanking Crestal Mounta s 

("Rift Mountains" of Heezen) and the westernmost area of 

relatively subdued, sediment infilled topography; Heezen's 

II Fractured Plateau". 

The Median Valley is arbitrarily considered as being 

de by the 2560 m (1400 fm) contour. The Valley floor 

consists of an en echelon series sins separated by low 

transverse ridges. The mean depth of Valley floor which, 

from coring and photographic evidence, is held to be essentially 

devoid of sediments, increases northward where the maximum 

depth of approximate 3458 m (1900 fm) is attained. 
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The topography the Cre 

Mountains province, an approximately 

north-south lineation. Whereas the eastern boundary of this 

province (western boundary Median Valley) is taken as 

the 2560 m (1400 fm) contour, the division between s 

Crestal Mountain province and the more subdued region to the 

west (High Fractures Plateau) is so arbitrarily taken to 

be the 2560 m (1400 fm} contour. The lateral extent of 

Crestal Mountain province is approximately 37 km. The 

average water depth increases westward. Several peaks on 

the scontinuous ridges of this province approach to 

1820 m (1000 fm) of the surface and two, Bald Mountain and 

Confederation Peak to within 1092 m (600 fm) of the surface. 

Minor pockets sediment occur in valleys of s region but 

the filling of the valleys increases frequency and areal 

extent in a westerly direction as the next physiographic 

provinqe is approached. 

The topographically ss severe province which occupies 

the western portion the survey area owes its relatively 

subdued topography, in part, to the smoothing effect of 

sediment infill It is the sediment of the flat surfaced 

valley floors that was core sampled in the present study. As 

in the case of the Crestal Mountain province, the average depth 

of water increases westward. 

2.2m Oceanography 

Little detai is available concerning 

water-mass movements over the Mid-Atlantic Ridge the survey 

area. In general terms however, the the of 
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Their il stration is reproduced as Figure 3. diagram 

shows an isothermal across Gulf on the 

Stream from sapeake toward Bermuda. The diagram on 

the right is an isothermal section from the Azores, north­

northwest to 48° N. The general south-dipping isotherms 

indicate flow toward the east whilst the departures from this 

trendindicate the presence of countercurrents or eddies between 

east-flowing branches of the current. In this section also, 

is shown the effect of a submarine volcanic peak, "Altair 

Cone" which, as reported by Sverdrup and others (1942), rises 

from a depth of about 3,500 m to 980 m at its highest point. 

The density distribution resulting from the illustrated iso~ 

thermal re 

clockwise eddy 

to the submarine peak indicates a counter-

at 

the 

sts above cone extends to a depth of 

1,500 m. This eddy is apparently observable even at 

of the sea. The present author observed a possibly 

similar phenomenon whi the HUDSON was occupying a station on 

Bald Mounta , the highest peak of a north-south elongated 

ridge, which rises to within 1274 (700 fm) of the sea surtace. 

A large "slick" of relatively calm water with an apparently 

turbulent boundary was seen. calm appearance of the body 

of water may have resulted from the attenuating effect of 

current, on small, wind~generated waves. Currents apparently 

caused a concentration of marine life as witness the rvent 

diving of sea birds at the periphery of the ''slick". No 

attempts were made to substantiate the existence of this supposed 

eddy. Garner amd Ford (1969) found evidence of extensive 

vertical water mixing their oceanographic study of the Mid-
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Ridge at 45° N. 

The 

controlling current flow, and thus influencing sedimentation, 

has been described by Klenova and others (1962). These 

investigators measured abundance suspended materi in 

samples taken at the surface and at 10, 30, 100, 200, 800 

and 2,000 m depth. They found that regional , the abundance 

of suspended material diminished regularly from highest 

reaches of the Ridge to the flanking abyssal basins. Local 

they found that near-bottom water at the base of slopes 

(about 3,000 m depth) on the Mid-Atlantic Ridge, conta s a 

relatively great amount of suspended matter whereas iate 

depths contain little, near-surface waters contain a rela-

moderate amount. The authors attributed the con-

centration at the base of the slopes to down-slope migration of 

suspended sediment in response to gravity. The concentra­

tion in the near-surface waters was attributed to the upward 

transport of very fine sediments by ascending currents. The 

carbonate analysis of Core 18 shows this core to have a sig­

nificantly lower carbonate content than comparable zones of 

the other cores. The core less exibits a 

that is carrel with the others. The core is 

therefore representative of an area relatively higher non-

carbonate lutite sedimentation (or an area with an abnormal 

low rate of calcilutite accumulation). Such 

phenomena as de above account 

anomalous sedimentation in the vicinity 

the 

Core 18. 
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2.3 Geology 

Ocean floor photography, dredge hauls and sediment cores 

reveal, to varying degrees, the surficial geological constitu­

tion of the Mid-Atlantic Ridge. Aumento and Loncarevic (1968) 

and Aumento, Loncarevic and Ross (1969) have studied the 

distribution of dredged rocks in the survey area. They found 

basalts and tuffs ubiquitous and ranging in composition from 

tholeiites to alkali-basalts. They have interpreted Bald 

Mountain (Figure 2) and other ridges as up-thrown, block-

faulted features. Associated with the interpreted fault scarps 

are serpentized mafic and ultramafic rocks (dunites, harz­

burgites, gabbros, troctolitic gabbros and amphibolitic periodo­

tites). This suite of rocks is absent from the Median Valley 

floor where fresh extrusions of pillow basalt have been photo­

graphed and sampled. Metabasalts and metadiabases of the 

greenschist metamorphic facies have been recovered from the 

lower reaches of the Median Valley walls. Interpreted fault 

scarps of elongate ridges, beyond the immediate walls of the 

Median Valley, have yielded matamorphic rocks which range in 

their metamorphic grade from the highest greenschist facies to the 

highest grades of the almandine-amphibolite facies. It appears 

that the Median Valley is the main centre of recent volcanic 

extrusion of basaltic lavas. The fault scarps of apparently up­

lifted ridges contain exposures of metamorphosed basalts, and 

of a variety of metamorphosed intrusive rocks representing a 

more deeply seated suite of dike and magmatic intrusives which 

reflect magma differentation with time. 
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Appr6ximately one-quarter of the dredged specimens 

were abraded and sometimes striated, gneissic, granitic and 

sedimentary rocks of obviously ice-rafted origin. Significantly, 

rafted erratics are most common in the western portions of the 

survey area and their frequency of occurenc€ diminishes toward 

the Median Valley in which none were found. The potassium-

argon and fission track ages of extrusive rocks were observed 

by Aumento, Loncarevic and Ross (1969) to increase system­

atically with distance from the axis of the Mid-Atlantic Ridge. 

Similarly, the thickness of manganese coating on such specimens 

was seen to increase away from the Median Valley. The morpho­

logical boundary between the topographically severe Crestal 

Mountain Province and the more subdued and sediment-smoothed 

topography of the High Fractured Plateau was found coincident 

with a marked increase, west of the boundary, in the age of 

the country rock and in the thickness of the manganese veneer 

on the dredged specimens. The evidence points to the existence 

of ocean-floor spreading with a variable spreading rate. The 

absence of glacial debris in the Median Valley might suggest the 

post-Pleistocene origin of this valley or might simply mean that 

any such material has been covered or diluted by post-Pleis­

tocene eruptive rock. Certainly the existence in bottom 

photographs of large lava pillows, essentially devoid of sedi­

ment cover, points to very recent volcanic activity in the 

Median Valley. 



3.1 Coring 

CHAPTER 3 

OPERATIONAL METHODS 

13~ 

Kullenberg (1947) n quest of long, undisturbed 

cores of deep-sea sediment, introduced the piston corer as an 

improvement on the conventional gravity corer Sub y, 

ng devices were developed employing modifications to this 

orig apparatus while retaining its principle. The device 

used is essentially that described in detail by 

Ericson and Wollin (1956), with a few improvements since added. 

The simplest gravity coring device consists of a coring 

tube mounted below a streamlined and finned weight. Lowered 

rapidly from the ship at the end of a wire rope, the tube plunges 

the sea-floor sediments, cutting a core. A core so ob­

tained when compared with the in situ sediments will be compres­

ed vertically because of the friction between the core barrel 

and the sediment. To overcome the retarding effect of friction, 

Kullenberg employed a ston in the core barrel and caused it 

to move relative to the walls of the barrel so as to produce 

a ssure differential across the piston, that is, a suction 

effect of a magnitude equalling, but not exceeding, the force 

of friction. Thus, an uncompressed core sample was obtained. 

Commonly,. full penetration is not accomplished. Thus, to 

retrieve the apparatus, the piston must be pul1ed up to the 

constriction at the top of the core barrel, from its interme­

diate position between the constriction and the cutting end. 

The strong suction so produced li the sediment core and at 
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the same time causes sediment surrounding the cutting end, to 

f1ow into the tube beneath the core. This "flow-in" is 

readily recognizable; as a monotonous, unlayered and relatively 

soft sediment, or as a soft sediment in which originally 

horizontal stratification is distended upwards. In practice, 

the finned coring head weighs 585 kg. Below the head are 

coupled 6.1 m lengths of 63.5 mm I.D. core pipe, with three 

lengths(l8.3 m) the usual maximum. The cores which were taken 

in plastic tubes lining the core pipe, were removed in the 

liners. In the few cases where excessive suction had broken 

the core, allowing water to fill the voids, small holes were 

drilled in the plastic liner at the separation, to drain any 

free water. Such free water tends to erode the surrounding 

core due to agitation resulting from ship's motion. The cores 

remained in the Hudson's refrigerated core storage until the 

end of the cruise. 

3.2 Core Logging 

The core-liners were split while secured in a wooden 

trough or jig, along the top of which was drawn a woodworker's 

power router. A clean cut with little or no contamination or 

destuuction mf the core within, resulted from the use of this 

apparatus (Plate 1.). The sediment core was split with a knife 

blade. As the wet core was split longitudinally, it was 

immediately photographed, described and sampled. Photographs 

of the cores were taken with a 35 mm Nikon single-lens reflex 

camera attached to a heavy ringstand-like apparatus to which a 

flood lamp was fixed, providing constancy in lighting. The core 



was measured using a steel tape with centimeter divisions. 

Appropriately numbered thumb tacks were placed on the core 

at successive 10 em intervals down its length to serve as 

PLATE I CORE LINER SPLITTING APPARATUS 

15. 

reference points for the photographs and for futue sampling. 

The camera apparatus was slid the length of the core at con­

sistent vertical and horizontal distance, and a continuous 

series of photographs taken. Samples of the moist sediment, 

approximately 1.5cm3 in volume, were generally taken from the 

cores at 10 em intervals. Where sediments of unusual nature 

occured, additional samples were taken. 
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The cores were scribed when first opened and 11 

wet. Noted were: 

structures, and 

colour and lithology, sedimentary 

nature of interstratal contacts. The 

terminology of the core descriptions is briefly defined below. 

(a) Colour 

Sediment colours were recorded by comparison with the 

Munsell Colour Chart and adoption of the name and number of the 

corresponding colour. 

According to the Munsell system, a colour has a three 

component designation: Hue, Value and Chroma. Hue -- refers 

to one of the ten major hues. In sequence these are: 

( 1) Red (R) 

(2) Red Purple (RP) 

( 3) Purp (B) 

(4) Purple Blue (PB) 

(5) Blue (B) 

(6) Blue Green (BG) 

( 7) Green (G) 

(8) Green Yellow (GY) 

(9) Yellow (Y) 

(10) Yellow Red (YR} 

Each hue is subdivided into ten segments the number 

5 marks the middle of hue, and number 10, the boundary 

between one hue and the next in sequence. Value -- The Value 

of a co:l.®ur re to its degree of lightness and ranges from 

numbers 1-9 between end members black and white respectively. 

Chroma -- The Chroma of a colour represents its saturation 

or intensity. The Chroma ranges from a neutral gray to the 

most vivid (saturated) colour of any hue. Thus a Munsell colour 
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designation takes the following form: 

Generalized - Hue, Value/Chroma 

Example - 10 YR 8/2 

Through the Munsell name as well as symbolic desig-

nation has been generally adopted, modifiers, as for example: 

(dark) gray, have been added where it was felt the color name 

was too general. As shown above, these modifiers are enclosed 

in parentheses .. 

(b) Lithology 

In general the various sediment types have been 

designated by one of the following descriptive terms, as 

appropriate: 

lutite 
foraminiferal lutite 
calcilutite 
foraminiferal calcilutite 
forminiferal sand 
mineral debris sand 

The absence of detailed size analysis precludes the 

more precise subdivision of a nomenclature used primarily in 

megascopic examination. 

Here, "lutite" is defined as consisting of particles, 

the mean diameter of which is less than 0.062 mm. "Sand" by 

def , consists of particles, the mean diameter of which 

is greater than 0.062 mm b~t less than 2 mm. The adjective 

"foraminiferal" as in "foraminiferal lutite" refers to the 

presence of 10% or more Foraminifera (sand-sized) admixed with 

the lutite. 

The carbonate content of lutite is reflected by its 

colour. The higher the colour value, the higher the carbonate 

content of the sediment. It was found by comparing the sub-

sequent carbonate analysis and Munsell number for given 
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sedimentary horizons, that a colour value of about 6.5 

represents a carbonate content of about 60% by weight. 

Lutite with a colour va greater than 6.5 was termed 

''calcilutite", while that below 6. 5 was referred to simply 

as " te". The nature of megascopic core scription 

dictates that such an arbitrary and subjec division be 

made. In summary then, the terms "lutite" and "calciluti-te" 

are here distinguish~d as follows: 

Lutite 

Mean Particle 
Diameter 

Colour 
Value 

Calcilutite 

< 0.062 mm 

> 0.062 mm 

<6. 5 

>6. 5 

The sand-sized (coarser than 0.062 mm) sediments of 

the cores are signated as ther "foraminiferal sand", 

consi essentially of F oratninifera, or as "mineral 

sand" .. consisting pyroclastics, and ice-rafted mineral 

grains rock fragments, where these predominate over 

Foramini 

Interstratal Contacts 

Contacts between differing sedimentary horizons are 

s 

in many places marked by either a change in sediment colour or 

average grain size, or by both. Thas two contact types are 

defined: 

the colour contact (contrasting colours) 

the textural contact (grain-size contrast) 

In addition, a contact may be sharp, the change occuring 

over a stance of a centimeter or less; or gradational. Further, 
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contact zones, 

contrasting co 

of the juxtaposition of sediments of 

in the 

A contact obscured by 

"burrow-mottled contact" .. 

display mottlings of one sediment 

of burrowing by benthonic organisms. 

s process is here re to as a 



4.1 Discussion 

CHAPTER 4 

SEDIMENT SAMPLE ANALYSIS 

20. 

The analysis of the core samples by sieving and calcium 

carbonate determination was made to substantiate the suspected 

stratigraphic correlation between cores and to aid in establish-

ing the depos environment of the sediments. The analy-

tical to the was chosen in the light of a prelim-

inary examination which suggested that the cored sediments were 

es ly of two s: (a) light coloured, carbonate-rich 

sediments with a +62 micron fraction or Foraminifera tests and 

a -62 micron frac of diminutive Foraminifera tests and 

extreme particulate carbonate, and (b) darker coloured 

sediments of correspondingly lower carbonate content and 

consisting of a admixture of carbonate components as 

above, volcanic ejectamenta and mineral and rock detritus. 

An the carbonate distribution in the cores 

was given pr 

respect to the carbonate analysis, it should be 

emphasized that one would like to determine the volume 

percentage carbonate in a given volume of sample. Since the 

volume of sediment in a sample is difficult to determine, one 

approximates the desired value by determining instead, the 

weight percentage of carbonate in a given weight of sediment, 
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Consider a population of medium sand sized mineral 

grains which is composed equally 6f quartz grains (specific 

gravity (2.65) and solid calcium carbonate grains (specific 

gravity 2.72). Because of the similarity in the weight of 

grains of either composition but similar size, a weight 

percentage carbonate determination would closely approximate 

a volume percentage determination. 

Consider now a population of medium sand, composed 

of an equal number of quartz grains and hollow spheres of 

calcium carbonate (Foraminifera). Because of the disimilarity 

in densities of the two grain types, the more dense grains 

(quartz) will contribute to the weight of a subsample used for 

carbonate analysis in a manner proportional to their density 

but disproportional to their frequency of occurence in the 

original population; fifty per cent. Thus a weight percentage 

carbonate determination is likely to be a poor approximation 

to the desired volume percentage. This effect applies to a 

lesser extent to the silt fraction and presumably still less 

to the clay fraction in which the component particles would 

be essentially solid. It was decided to minimize the bias 

by removing the +62 micron fraction from the bulk samples with 

wet sieving and comparing carbonate percentages of the -62 

fractions only. 

Ericson and Wollin (1956) have shown that in the 

equatorial Atlantic where the +62 micron fraction of deep-sea 

carbonate sediments consists solely of Foraminifera, the weight 
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percentage 

a measure 

the +62 fraction a bulk sample is 

at the time deposition 

and as such, is a signi parameter correlating cores. 

This parameter could not, of course be derived by the separation 

of the +62 micron from sediments of the temperate 

Atlantic with their heterogenous sands composed ice-rafted 

debris and Foraminifera tests. It was supected however, that 

the percentage of +62 micron fraction, though representing the 

sedimentary products derived from two separate but super­

imposed systems might nonetheless exibit overall trends of 

the composite system which would aid correlation. It was 

recognized that a possible cancellation of the effect of one 

by the other system might exist. That is, if the rate 

of production (and preservation) of Foraminifera attained a 

maximum, coincident time with a minimum of sand influx, the 

effects would cancel to some degree depending on the relative 

abundance of the two components present. 

A further incentive for removing the +62 micron fraction 

derives from the that Foraminifera tests lie to a large 

extent in the sand size range. Removing these Foramini 

from the carbonate analysis would to minimize the effect 

of one variable (Foraminifera production) in the 11 multi-

variant carbonate sedimentation system and increase the 

probability of detecting real trends in carbonate deposition. 

Concentrating the Foraminifera by wet sieving would also 

facilitate palaeontological analysis. 
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s, when taken from the 

ast vials. Several 

plus and minus 62 

vials were opened and 

led water. Thereafter 

the vials and contents were shaken periodically using a Vortex 

ment.. When 

onto a three 

a 1 

to cause saggregation of the sedi-

, 62 

to a 250 ml 

mixture was poured 

which was nested 

~=~"-=~, the dry weight of 

which had been previously determined. Using an automatic wash 

, the was washed on the sieve and 

the 2 

water was 

the beaker. The wash 

the -62 micron fraction in about 

four hours, an oven with a forced air 

c , at a 

Similarly, the clean +62 

weighed, 100 ml 

minutes. Two of the 

a 

of approximately 120°c. 

fraction was washed into a 

to settle for thirty 

water was siphoned off 

and the water was in oven. When dry, 

the samples were and the weight percentage of the +62 

micron and the 2 micron fractions computed. 

Both suction filtering and centrifuging of t~e -62 micron 

fraction, as methods for rapidly removing wash water from the 

were with favour of 

evaporation. 
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In the Wentworth-Udden grade scale classification of 

particle sizes, 62 microns is taken as the lower limit of 

the sand grade class. In separating the +62 micron fraction 

(sand and gravel) from the -62 micron fraction (silt and clay) 

several possible sources of significant error are apparent. 

These are discussed below. 

Common practice in wet sieving sediments of the types 

studied is to oven dry the sample, weigh it, and then dis­

aggregate the sample prior to wet si~ving. By comparing tbe 

sum of the dry weights of the two fractions produced by sieving, 

with the dry weight of the original bulk sample, a check is 

made on possible loss of sediment in the sieving process. In 

the present study, loss of sediment in the single-stage 

separation was expected to be relatively small. Furthermore 

it was thought that the possible incomplete disaggregation of 

dried bulk sample might introduce significant error. For these 

reasons, the bulk sample was protected against loss of moisture 

during storage and not dried and weighed before sieving. 

It has been remarked that some areas of the core contain 

rock fragments of gravel size (greater than 2mm). In order 

to obtain a representative sample of the gravel fraction, a 

sample larger than 1 cc would have to be taken. Therefore, 

where prominent gravel-sized fragments occurred in the dried, 

+62 micron fraction, they were removed with a pair of tweezers 

~hile the sample was weighed, and then returned to the sample 

for storage. Thus the sample weight excludes the weight of 

pebbles. The number of such fragments in individual samples 
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never exceeded five. While the removal of these very large 

fragments would eliminate the gross exaggeration of the weight 

percentage of +62 micron fraction in the sample, there may be 

some exaggeration due to the presence of fine gravels which 

could not easily be removed. 

In the plus and minus 62 micron fraction separation, 

no account of the salt content of the sediment samples has 

been taken. The salt of each sample was presumably washed from 

the +62 micron fraction by wet sieving, into the -62 micron 

fraction. The weight of salt in a sample would be a function 

of the water content of the sample which in turn, is related 

to carbonate content as well as depth below the sediment-water 

interface. Broecker and others (1966), determined the average 

salt content of water-free bulk samples for an Atlantic core 

(A 180-74; from the eastern flanks of the Mid-Atlantic Ridge 

at the equator) to be 0.04 gm/cc. Concentrating such an amount 

in the -62 micron fraction of the samples would increase the 

weight percentage of that fraction by approximately 1%. For 

the purposes of this study, the error is considered to be of 

no consequence. 

4.3 Carbonate is 

The carbonate analytical procedure, a titration, is 

essentially that described by Herrin and others (1958) with 

minor modifications directed to speeding the analysis of a 

large number of samples. The chemical theory and procedures ' 

are discussed in some detail below. The equipment used for 

the carbonate analyses, as performed on a "mass production" 

basis, is sted below. Plate 2 shows the analytical equip-

ment in use. 
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Plate 2. Carbonate Analysis Equipment 
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Apparatus 

Quantity Description 

1~ .. ;~········ Coleman pH meter 
l .............. Magnetic stirrer and magnets 
l .............. Burette stand with burette clamp 
1 .............. 50 ml automatic burette with two-hole, 

teflon stopcock 
1 .............. 50 ml automatic pipette with teflon 

pipette 
1 .............. ring stand 
3 .............. ring stand clamps 
3 .............. 8 liter polyethelene aspirator bottles 
2 .............. 150 ml Erlenmeyer flasks 

40 .............. 250 ml short beakers 
1 .............. 1000 ml graduated cylinder 
1, ............. 100 ml graduated cylinder 
l .............. automatic wash bottle 

Chem~cal Theory and Calculations 

In the method described by Herrin and others (1958), 

and used in the present study, the calcium carbonate of a 

dried and weighed sediment sample is made to react with sulfuric 

acid, producing a precipitate of calcium sulfate as a chem-

ically equivalent amount of co 2 is evolved. The reaction is as 

follows: 

Consider a sample of carbonate-rich sediment weighing 

approximately 1 gram when dry. When the usual 50 ml aliquot 

of 0.45N H2so
4 

is added and the reaction complete, a certain 

amount of H
2

so
4 

(the amount being inversely proportional to 

the amount of caco 3 present) will remain unreacted because the 

amount of acid added is calculated to be more than equivalent 

to the amount of caco
3 

with which it could react. The amount 

of H
2

so
4 

remaining is determined by the subsequent back-

titration with standardized NaOH. The amount of H2so 4 involved 



in the reaction is 

remaining after 

introduced (50 ml e 

shows that one 11 

one meq of H
2

so
4

, 

Thus the number of meq of 
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subtracting the volume of acid 

volume of acid initially 

of the chemical equation 

) of caco
3 

reacts with 

one meq of each of the products. 

so 4 , involved in the reaction, as 

determined above, is equal to the number of meq of Caco
3 

in the 

sample. Summarizing: 

(1) Initial meq so
4 

added to sample = Vol H
2

so
4 

x 

N H
2

so
4 

(2) Reaction 

(3) Back-titration of NaOH against H
2

so
4 

(4) Neutralization point: 
meq H

2
so

4 
{reacted) = meq NaOH = Vol NaOH x N NaOH 

5) Meq caco
3 

in sample = meq H
2

so
4 

(reacted 

= meq H2 so 4 (initial 

meq H
2

so
4 

(remaining) 

(6) Weight of Caco
3 

reacting = meq Caco
3 

x meq 

Caco
3 

reacted • 0.05mg x meq 

Caco
3 

reacted 

(7) Weight percentage Caco
3 

in the sample 

=0.05 mg x meq Caco 3 reacted 
X 100 

sample weight 

Since, as shown by the reaction equation, the number 

of meq of caco
3 

equals the number of meq of co 2 evolved, the 

weight percentage co
2 

may be calculated if desired, simply by 



29. 

substituting the meq weight of co
2 

equation (7) above. 

that of caco3 in the 

Procedure 

Eight liter volumes of approximately 0.40 N NaOH and 

0.45N H2so 4 were mixed and standardized by triplicate titrations 

as follows: 

NaOH against Potassium AcidPhthal~tesolutions of 
known normality 

H2so
4 

against the standardized NaOH 

Prior to analysis, the -62 micron fraction of a sample 

0 was powdered with a mortar and pestle, heated at 100 C to dry 

(generally for six hours), and a sub-sample weighed. Approx-

imately 1 gm of sample was used in each analysis. 

The weighed sample was placed in a 250 ml meaker and 

50 ml of the standardized H2so 4 added from an automatic pipette. 

Though some loss of solution due to effervescence occurs when 

the acid is added, the loss is considered insignificant, Use 

the wide-mouthed beaker as against the preferred Erlenmeyer 

flask was necessitated by the configuration and dimensions of 

the pH meter electrodes. 

0 The acidified sample was heated at 90 C for twenty 

minutes to promote complete solution of the caco 3 the 

sample. Herrin and others (1958) recommend that after heating, 

the pH of the solution be no greater than 2, i.e. indicate 

complete solution of the carbonate. Where the pH exceeds 2, 

25 ml of H
2

so
4 

should be added and the solution heated for 

ten minutes. After heating, approximately 125 ml of distilled 

water were added to the beaker and back-titration with 
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z The was measured 

us c was employed 

to of NaOH used 

ity, lds the number 

0 the number of meq 804 

after on the caco
3

. The weight 

Caco
3 

in the is then culable. 

The use the meter is pre to the use of 

cator for the following reasons: 

1 Due to the presence of clay in the 

the end is fficult to detect 

when by a color change. 

sons of the curves for simple, strong 

base those for 

a precipitate of caso
4 

plus 

(the sent situation) indicate for the 

latter a s di between the 

volume of NaOH added to a value of 7 

vo added to reach pH8.5 (the critical 

value for ) . This is contrasted 

the small dif bet\·..reen 

these two lumes the simple ac titration 

(F 
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author 

In 

States 

mean f 

For s, 

mean three s 

32 

958 z s of carbona 

results th 

the cal ion are 

s were made by the present 

on a ted 

l limestone 

value of 32.19+ 0 2% co 2 . The 

by a second ana st 

was 32.94~ 0.10 per cent C 

(pk 8 8) indicator was used 

the (pH 7. 0) 

s meter, to 33.46+ 0 3%. 

Bureau of 

per cent C 2 

to the end 

of heat 

was con 

results 

and 

sub-

is 

, the mean of 

method was 33.53+ 0 05 

obtained using 

to the 

a color 

fate and water .. 

the 

li were made by the present 

s to 

the nece s 

complete reac 

f 

ses 

are the results of these tests; all 

s. One 

unheated and heated, zed 



%Caco 3 

1 1 00 5 76 .. 11% 0 29 

2 0 883 7 .. 44 0 .. 04 

3 0.9375 76 .. 8 0 .. 08 

0 .. 9991 .. 92 0 .. 52 

5 0.8503 6 0 31 

Average 76 40 0 .. 25 

Two ( 

No. %CaC0 3 Deviation 

1 0 .. 6473 grn 78 .. 02% 0.61 

2 0 .. 9177 78.40 0.23 

3 0.9623 78.67 0.04 

0 7528 78.84 0.21 

5 0.9975 79.25 0 .. 62 

78 .. 63 0.34 

These results indicate the degree of accuracy 

attained by the present author. Furthermore, there is a 

clear that heating the samples of Group Two, pro-

rooted more complete digestion of the caco 3 in the samples as 

th the unheated samples of Group One.. It is pos-

s ssolut of iron oxide minerals 

33. 

have to the increased take-up of H2so 4 after heating. 

Sources of error in the determination of Caco 3 are 

ly those attendant to the potentiometric titration and 

not be 

of the 

the 

the carbonate 

scussed here.. It is conceivable that soaking 

s in distilled water for several days 

process, may have dissolved some of 

However s carbonate s retrieved the 



evaporation 

earlier. 

of the analytical procedure mentioned 
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It appears probable that the total error in a given 

carbonate determination is less than five per cent; a degree 

of accuracy quite adequate for the purposes of the present 

investigation. Further, it should be noted that the "carbonate" 

of the sediments is assumed here to be solely calcium carbonate. 

In view of the fact that the magnesium carbonate of pelagic 

sediments has been found to be very low, less than 3 per cent 

(Bramlette and Bradley, 1942), omission of this component 

the calculation of "total carbonate" is of little significance. 
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CHAPTER 5 

ESTABLISHMENT OF STRATIGRAPHIC CORRELATION 

In to visually logging the Munsell colour, 

ze and textures of the fresh sediment cores, two aspects 

of the +62 

were studied: the carbonate content of the 

and in less detail, the com­

fraction. As noted in Section 3.2, 

the colour value of the tes reflects their carbonate content; 

the the colour value, the higher the carbonate content. 

The plotted colour values of Figure 5, suggest cor-

re from core to core of certain light and dark coloured 

that 

72 em 

colour value) sediment layers, as for example, 

a colour value of 5, lying between 46 em and 

Core 17 .. 

The quantitive determination of the carbonate content 

of the -62 grain size fraction, as plotted in Figure 5, 

fluctuates th a range of variation and exhibits a 

sequence of can be recognized, at least in part, 

all of the cores. Visual of the plotted carbon-

ate content reveals that discrete zones of high and low 

carbonate content may be correlated with one another between 

cores. The author's proposed correlations are shown in Figure 

5 .. The major zones of Core 17, as defined by carbonate content, 

are described below: 
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content d shes from the top of 
the core downward to approximately 45 em depth. A 
zone relatively carbonate content and colour value 
(5-6), occurs between 45 ern and 331 ern. From 331 ern to 
522 ern occurs a calcilutite with a colour value of 8, 
reflecting a consistently high carbonate content. A zone 
of moderate to low carbonate content lies between 522 ern 

780 ern. Between 780 ern and 860 ern, a white carbonate­
ch calcilutite exists and is correlated with similar 

strata in cores 20 and 27. 

Cores 18 and 26 contain extensive sections which 

cannot be correlated with other cores. The white, high-

carbonate calcilutite below 5 ern in Core 18 is interpreted 

to be sediment which has been sucked into the core barrel 

during a period in coring process when upward movement of 

the piston exceeded the rate of sediment penetration by the 

barrel. The sediment of s section exhibits the character-

is s typical of sucked-in sediment: 

--rt displays a vertically distended contact with the 

over , undisturbed sediments. 

- Burrow rnottlings are vertically distended. 

sediment lacks horizontal layering and is 

extensively homogenized. 

The horizontal attitude and undisturbed appearance 

of strata between 800 ern and bottom of the core, suggest 

that following the period in which sediment was sucked in, 

equilibrium was again e ished in the relative movement of 

piston and core barrel, and normal core obtained. However, 

this normally cored section is now out of its proper strati-

graphic position and corre is irnposssible. 
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correlation Core 26 below 131 em with other 

cores is not sible. The sediment between 131 em and 710 em 

is mainly a white calcilutite, largely devoid of strati cation, 

but otherwise displaying no characteristics of sucked in sedi­

ment. This section may represent calcilutite which has slumped 

into present location at the base of Bald Mountain. 

section below 710 em is obviously sucked in sediment. 

The correlation problem involving Cores 

27 and 20 below 790 em is considered in Section 6.2. 

5 

is 

The 62 

ed Foramini 

in +62 Grain Si 

size fraction of the sediment 

tests, mineral grains and rock 

A sual estimate of the percentage of Foraminifera 

tests and mineral grains and rock fragments combined was 

made under a binocular microscope. The estimated percentage 

composition of the +62 micron grain size fraction, between 

end members (a) Foraminifera and (b) mineral grains and rock 

, is presented Figure 5 as percentage of Foramini­

in +62 cron 

illustrates the 

Reference to Figure 5 

correspondance of high carbonate content 

fraction with a high percentage of Foraminifera of the -62 

tests in the +62 micron fraction, and of low carbonate content 

the -62 micron fraction with a high percentage of mineral 

grains and rock fragments in the +62 micron fraction. The 

compositional zonation of the +62 micron fraction suggests 
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stratigraphic correlation from core to core which in general, 

corresponds with the correlation established from study of the 

-62 micron fraction alone. Thus correlation is established on 

the basis of the carbonate composition of the whole grain size 

spectrum represented in the cored sediments. 

An interesting exception to the observed rule of 

variation occurs in Core 27 between 70 em and 204 em; a 

sequence of sediments, with a moderate carbonate content 

exibiting only minor variations, is observed to have major 

variations in the percentage of Foraminifera and mineral and 

rock fragments, which are in general, opposite in sign to the 

fluctuations of carbonate content of the -62 micron fraction. 

These var are reflected in the sediment colour values. 

The sequence is recognized in the other cores as correlated in 

Figure 5, however the explanation of the observed relationship 

is unclear. 

5.3 Radiocarbon Dating 

Two Radiocarbon dates have contributed to the 

establishment of correlation between cores. An age of 27,800 

+1800 _ 1200 years B.P. was determined for the interval between 341 

and 347 em in Core 27. This interval lies 6 em below the top 

of a carbonate-rich zone between 335 em and 529 em. The 

correlative zone in Core 17 {331 em to 522 em) was radiocarbon 

dated at its top (sample interval: 326-336 em) as having an 

age of 24,350 t 850 years B.P. Thus radiocarbon dating confirms 

the correlation of the top of this carbonate-rich horizon 

between Cores 27 and 17 and supports correlation with the cor-

responding layer in the other cores, as illustrated in Figure 5. 
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A study of Foraminifera from the cored sediments by 

Bartlett (personal communication) which is cited in detail in 

Section 6.5, yields micropalaeontologic corroboration of the 

proposed stratigraphic correlations. Micropalaeontological 

evidence of stratigraphic correlation is relatively imprecise 

in sedimentary sequences not marked by sudden extinctions of 

one or more species However, tentative correlations may be 

based on the relative abundance or scarcity of a species or 

suite of species, or upon other observations such as a dominance 

of right or left coiling directions of a Foraminifera species. 

At the same time, the frequency distribution of a species, or 

a dominance in coiling direction, may be indicative of marine 

palaeotemperatures son, 1963). Bartlett found a general 

coincidence of a dominance of right-coiling forms of all 

Foraminifera species, and the presence of Globorotalia menardii, 

with carbonate-rich layers. This association allows the micro­

palaeontologie differentation of these carbonate rich layers 

from adjacent, carbonate-poor layers and thus supports the 

proposed stratigraphic correlations. 

It has been shown in this chapter, that the carbonate 

content of the -62 micron fraction, the Foraminifera to mineral 

grain and rock fragment ratio in the +62 micron fraction, the 

radiocarbon dating and the micropalaeontologic evidence, suggest 

stratigraphic correlations as illustrated in Figure 5. 
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CHAPTER 6 

IMPLICATIONS OF CORE STRATIGRAPHY 

6.1 Mode of 

established correlation of the sedimentary 

sequence from core to core the preceeding chapter, two 

points may now be emphasized: 

(a) Cores 27, 20 and 12 were recovered from the 

same sedimentary basin (Figure 2). Thus the 

sinal ty of correlative strata -------------
is established fo~·the basin. 

(b) Cores 18, 15 and 26, and 17 were recove~ed from 

intermontane basins which are bathymetrically 

separate from one another and from the basin in 

which Cores 27, 20 and 12 were collected(Figure 

2}. Thus, interbasinal continuity of correlative 

strata is demonstrated. 

In the ~ntermontane valleys of the Mid-Atlantic Ridge, 

two modes of sedimentation 

the accumulation of sediment: 

be expected to contribute to 

(a) 

(b) 

le le settling of sediment. 

Sporadic but rapid deposition of sediment from 

turbidity currents which would originate in 

sediment accumulations on valley walls. 

The proportion of the sedimentary column contributed by each 

mode pre be a ion of the rate of terrigenous 

and pelagic influx, current activity, the inclination 
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walls, and the frequency 

area. 

deposition on valley floors 

direct settling from seawater, or 

a number of depositional cycles consisting of: de-

position on a val wall, resuspension as a result of current 

activity, and downward gravity transport. It has been suggested 

(M.J. Keen personal communication) that a similar mode of 

sedimentation would occur if continuous seismicity promoted 

clearance of sediment from the valley walls, as described above, 

allowing no sediment of sufficient ze to form 

turbidity currents. Particle by particle sedimentation with 

only infrequent and incursions of turbidity current deposits, 

would ld widely correlative sedimentary strata, with indi-

strata, area simi in thickness. 

Were sedimentary section composed largely of 

turbidites graded foraminiferal or mineral sand layers, 

exhibiting additional characteristics of turbidity current 

reg s would be common. Such strata are rare in the cores under 

study, though one is scribed below. Because the areal 

extent and thickness a turbidite are dependent on the vol-

ume a sediment pi and the geometry of the basin, and 

because the time of flow ation is dependent on the degree 

of instabil of the sediment mass, a highly variable de-

positional regime would exist in each intermontane basin. These 

variables would be expected to produce a less ordered vertical 

sequence than observed in the cores of this study. That 
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involved each flow, 

at the base a turbidity 

flow ini in 

making it unlikely that tur-

the ly and precisely 

observed. 

occur infrequently in 

ral cannot traced from core to 

turb current depos 

depos which remain 

bottom currents. One 
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285cm numerous 

thickness occur. The appear 

out and furcate and are curved 

concave s up (ripple-dri 

s laminated sand is in 

st structureless sediment above 

below. The whole sequence is suggest 

of a current hydraulic 
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sand with up 

upper contact 

whi the 

by a sharp tex-

.); foraminiferal sand 

lower contacts. 
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22° N and 23° N, 

cores of individual 

to basin. Nowhere could 

the vertical extent and ampl of the ca carbonate 
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tocene of the sediments 

led the in 
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s yet the 
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content.. As 
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was current , induced 

by may be re the apparently higher 

rate of of Core 18. The core 

was taken west the extension of Bald 
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Mountain, a topographic feature which undoubtedly must se 

local deviation and eddying on regional patterns of water 

movement. 

6.2 Rate of Sedimentation 

The established stratigraphic correlations (Figure 5} 

serve as a reference in critically evaluating the rates of 

sedimentation derived from four isotopic datings within the 

cores. These dates and the sedimentation rates derived from 

them are summarized below: 

Carbon - 14 

Sample depth Age Sedimentation 
Rate 

(1) Core 27: 341-347 em 27,60o~i~~~ yrs. B.P. 12.4 cm/1000 yrs. 

(2) Core 17: 326-336 em 24,350± 850 yrs. B.P. 13.5 

Protactinium - 231 

(3) Core 27: 1000 em 

(4) Core 20: 1000 em 

75,ooo±aooo yrs. B.P. 13.3 

+ 125,000-12,000 yrs. B.P. 8.0 

The first three dates yield an average sedimentation 

rate for the past 75,000 years of the order of 13 cm/1000 yrs. 

The similar rates derived for the upper 300 em or so of Cores 

27 and 17 are consistent with the fact that the dated samples 

are from stratigraphically correlative levels in the cores 

(Figure 5). The rate derived from the Protactinium -231 date 

at 1000 em depth in Core 27 is consistent with the radio-

carbon-derived rates. 
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The rate of 8 cm/1000 years calculated for the 1000 em 

depth in Core 20 is at variance with the other sedimentation 

rates. Reference to Figure 5 reveals that correlation between 

Cores 27 and 20 below approximately 790 em, (assuming near­

parallelism with the correlation lines above) is impossible. 

An examination of the core descriptions, core photographs and 

core logs suggests that the dark gray lutite bedsf.between 

1196 and 1209 em in Core 27 and between 845 and 862 em in Core 

20, are correlative. Similarly, adjacent strata may be cor­

related as illustrated in Figure 5. On the basis of this 

correlation, an unconformity is inferred to exist at a depth 

of approximately 805 em in Core 20. Thus a section corres­

ponding to the interval between approximately 790 em and 1158 

em (368 em thick) in Core 27, is absent in Core 20. If we 

assume that this section was indeed deposited but has been 

removed by slumping, we may restore the Protactinium -231 

dated sample from 1000 em depth in Core 20 to its original 

depth which would be about 150 em beneath the top of the dark 

gray lutite reference bed (845 to 862 em in Core 20) or to a 

depth of approximately 1350 em in Core 27. An age of 125,000 

years B.P. at a depth of 1350 em yields a sedimentation rate 

of the order of 11 cm/1000 years. 

It may be concluded that the high sedimentation 

rates result from the fact that the valley floors receive 

sediment from the valley wall which constitute a catchment area 

much greater than that of the valley floor alone. Sediment 

initially settling on the flanks of a valley, moves down slope 

under the influence of gravity, continuously agitated, and 
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perhaps resuspended, by water currents or seismic activity. 

This mechanism of clearing the valley walls appears to be so 

rapid that large volumes of sediment are not permitted to 

accumulate on the walls. Thus, sudden slides of sediment such 

as produce turbidity currents rarely occur. Only in the zone 

of transition from valley wall to valley floor does sediment 

accumulate in sufficiently large masses to initiate solifluction. 

6.3 Significance of the +62 Micron Grain Size Fraction 

The cored sediments may be thought of as varying in 

composition between two "end members"; biogenic carbonate and 

non-biogenic clastics: 

-62 Microns 

Carbonate 

100% biogenic carbonate 
(diminuitive and 
comminuted Foraminifera 
tests & fine, particulate 
carbonate 

+62 Microns: 

100% Foraminifera tests 

Non-Carbonate 

100% non-biogenic clastics 
(presumably clay and silt 
sized mineral and rock 
fragments 

100% mineral grains and 
rock fragments 

Examination of the mineral grains and rock fragments 

of the +62 micron grain size fraction yields indications of the 

climatic significance of this suite and by inference, of the 

associated finer-grained sediments. 

The non-biogenic clastics of the +62 micron grain 

size fraction may be divided. into two categories: 

(a) mineral grains and rock fragments, 

(b) volcanic ejectamenta. 
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For both categories, the grain size distribution varies 

between coarse and very fine sand sizes. A few rock fragments 

of fine gravel size were also observed. 

Within category (a), quartz is highly predominant 

among the mineral grains. Limestone, dolomite, siltstone, 

granite and metamorphic rock fragments were identified. The 

quartz varies between being frosted and well rounded with a 

high degree of sphericity, and being unfrosted and angular. 

Similar stages of abrasion are evident in the case of rock 

fragments. The great variety of rock types represente~ the 

common evidence of fragment abrasion, the wide grain size 

range and the presence of coarse sands and fine gravels suggests 

ice-rafting as the transport mechanism for this suite. This 

suggestion is consistent with the previous observation (Section 

2.3) that, of the rock specimens dredged from the Mid-Atlantic 

Ridge in the study area, approximately 25 per cent were abraded 

and sometimes striated, granitic, metamorphic and sedimentary 

rocks of ice-rafted origin. 

Within category (b), volcanic ejectamenta dark brown 

or black, commonly vesicular, volcanic glass is common. Common 

also is a light coloured and extremely vesicular pumice. 

Nowhere do concentration of volcanic glass alone, occur. That 

is, the volcanics,~Mhen present in significant quantities, 

invariably occur in the presence of ice-rafted mineral grains 

and rock fragments. Significantly, no concentrations of volcanic 

debris were observed in strata having high carbonate content. 
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s with 

th high 

carbonate content 

volcanics were 

, one is tempted to suggest that the 

to the area of depo ion by ice-

rafting. volcanism on Iceland, during the cool periods of 

ice-advance and fie production in the Pleistocene, 

would shower with ejec~menta, same flows 

were 

southern de 

considered:: 

Two al 

(1) That volcanism 

time with the influx of 

sediments to the 

s to this theory may be 

study area coincided 

clastics. Such 

coincidence could no doubt occur; however, local 

volcanism would also be expected to produce concentra­

tions of volcanic sand during periods of exclusively 

No such concentrations were 

observed. Thus this alternative is untenable. 

(2) That 

zons 

currents 

tests, or by 

-rafted cla canic and 

soluble re 

Both suggestions seem 

more than 50 to 60% (and 

a , the 

s. s as 

volcanic debr as well as 

s 

solution; the vol­

senting an 

These sands no 

much less) of the 

the silt and c size 

s that 
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winnowing does not occur. Similarly, the sands are always 

combined with a -62 micron fraction which contains a sig­

nificant carbonate content (15 - 50% with an average of about 

40%). A much lower carbonate content would be expected if 

significant volumes of sedi~ent were subjected to carbonate 

solution by bottom waters. Pyro-clastic concentrations would 

again be expected in carbonate rich sediments not subjected 

to solution if the volcanism were local. 

It is suggested that the pyroclastic and terrigenous 

sands were deposited concomitantly and were therefore ice­

rafted to the study area. The sediment characterized by the 

relative abundance of these sands and by a relatively high clay 

content in the -62 micron fraction is believed to represent 

periods of climatic cooling. This suggestion is supported below 

(Section 6.4) where the lithologic and faunal stratigraphy is 

correlated with the Pleistocene climatic sequence. It is 

recognized that some of the minor strata which reflect water 

palaeotemperature variations in their characteristics, may 

represent short term changes in the near-surface current pattern 

of the area. 

6.4 Climatic Significance of Calcium Carbonate Content 

The significance of the calcium carbonate content of 

deep-sea sediments has been investigated by many authors. Most 

pertinent to the present study is the work of Correns (1939) and 

of Bramlette and Bradley (1942). Correns in his examination 

of cores from the North Atlantic, reported a distinct cor­

relation between sediment layers of high pelagic carbonate 

content and the presence the warm water Foramin 
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Globorotalia , he reported that low-car­

bonate 

menardii. 

which they attributed to 

carbonate-rich interg 

absence of Globorotalia 

de sedimentary zones 

periods and which alternated 

sediments, in a series of 

cores which form an east-west cross section the near surface 

sediments of the North Atlantic. found these glacial 

marine sediments typi by a diminished calcium carbonate 

content, a in the number of Foraminifera and coccoliths, 

and an increased c stic content in the form of sand 

and gravel. These clastics ranged up to more than a centimeter 

in diameter, were rounded to sub-angular and represented 

a variety continental rock types: limestone, shale, mudstone, 

sandstone, gne ses, schists, dolerite, granodiorite and others, 

1 sumably ice-rafted. The similarity between these 

glacial marine sediments and the low carbonate sediments the 

present study is and that the cored sedimentary 

sequence the Mid-Atlantic Ridge sents a portion of 

the 

p 

, glac lacial succession of the 

of the Microfauna! 

G.A. (personal communication) , studied 

the micro- of selected samples among the +62 micron 

fractions separated by author. In summary, he found that 

the Foraminifera, Globorotal 

assumed to be the most sens 

sea , occurs in 

menardii, which is generally 

climatic indicator in deep­

numbers and exhibits 
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sent. Whereas an abundance 

of fies tropical waters, its presence 

in cores under study suggests that the area of deposition 

was approaching or was beyond, the limit of cool water tolerance 

for the species throughout the depositional period sampled by 

the core. In the absence of Globorotalia menardii, Bartlett 

was able to define zones of relatively warm water deposition 

by tracing the distribution of right-coiled Globorotalia 

truncatulinoides which, when common, indicates warm conditions. 

Where Globorotalia truncatulinoides was sparse, Bartlett found 

the fauna dominated by Globigerina bulloides, Globigerina 

pachyderma and Globigerina inflata, a faunal suite representative 

of transitional or sub-arctic water temperatures. Further, he 

found a general agreement the dominance of right-coiling 

forms of all species at stratigraphically comparable levels in 

the cores. Since right coiling forms are characteristic of 

relative warm and ft coiling forms of relatively cold water 

masses (Ericson, 63) we have an additional indication of 

paleotemperatures. From the microfaunal evidence, a generalizec 

climatic sequence is established which, when compared with the 

carbonate stribution of the cores (discussed below) , strongly 

suggests a direct relationship between the carbonate content of 

the sediments and paleoclimate; highest carbonate contents 

indicating warmest conditions. 

The qualitative distribution of Globorotalia menardii, 

perhaps the best indicator of warm waters, has been plotted in 

Figure 5. Generally the sence of Globorotalia menardii 

coincides with zones of high carbonate content, suggesting that 

these are the of per and that the low 
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carbonate zones 

sent glacial faunal evidence described 

supports 

have evolution of the 

Pleistocene time scale from events on the continents and 

in sea sediments. In environment, the sequence 

ial and interglac s that mark the 

istocene has been e shed and by several 

methods luding: 

(1) absolute of events by means of radiocarbon 

and isotopes of elements, 

(2) oxygen isotope determination of water 

s, 

(3) water palaeotemperatures 

using coi of temperature-

sens son, 1963). 

(4) measurement productivity 

(Ericson, 1956) 

While isotopic of biogenic carbonate yields 

the most se age , oxygen isotope determination 

of the most precise determination of 

palaeotemperatures. Using oxygen i method, Emiliani 

{1955,1957,1966, 1970) has established palaeotemperature curves 

for the Pleistocene. The isotopic determination of 

palaeotemperature on the that the abundance of the 

o18 i in carbonate re 016 . f . to ~s a unct~on 

of seawater temperature from which the carbonate was 



53. 

prec s precipitate the 

tes the zone the oceans imatic 

ature changes are most ly ) , determination of the 

oxygen isotope of fera tests along a 

core, will be palaeotemperature 

the core of the technique are 

that the o18 of the calcium is precipitated con-

no diagen s 

the seawater, 

18 the 0 content 

18 and that the 0 content seawater 

This last as has been 

18 (1967) who has noted that the 0 content 

there have been 

the ium 

remained constant with 

by Shackleton 

modern ice caps is 

ss than that of seawater (presumably because of the 

re stance to re from mass of 

atom). It is reasonable to assume similar discrepancies 

sted the istocene. fluctuation in the 

volume of the 

seawater must have changed. Instead of 

absolute s, the may be re 

the amount of water he as in Pleistocene 

ice cap (1966), stressed that he 

s 

8 

zed this and his curves 

from such i data are for Whether 

properly or not, the variation of this ratio is 

a val of s 

the Pleistocene 
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sconsin cl 

Sea and of 1 upon 

zed 

at sequence 

1 

curve was 

by Van Der 

was sed on 

arbon dates 

of Der Hammen 

core sequence 

cult the 

P stocene 

nomenclature of Frer 

of the cores is 

6 

The Holocene is well established as extended 

between 1 000 years BP and sent The Holocene 

a ss fol the close 

last al The carbonate content of cores 
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which, as illustrated in F 5, decreases from the top of the 

cores downward, re this gradual climatic amelioration 

the ab s, the base of the 

Holocene the cores cannot be established with certainty. 

The author suggests that base be taken at about 50 em depth 

{56 em in Core 27). An accumulation of 50 em of sediment in 

10,000 years yields a sedimentation rate of only 5 cm/1,000 

years. This is markedly below the average of about 13 cm/1,000 

years established the past 24,000 years by radiocarbon dating 

6.lb). Broecker and others (1958) reported that in an 

al core, both carbonate and clay fractions show an abrupt 

se in rate of accumulation at the end of the Late Wisconsin 

Stadial. The glacial to postglacial ratio of sedimentation rates 

was determined to be 3.7 for clay and 2.1 for carbonate. These 

ob s lend credibil to the author's correlation of the 

Holocene. 

Late Wisconsin Stadial 

Below the Holocene sequence occurs a zone, approximately 

250 em thick, which is characterized by a generally low carbonate 

content, a cool-water faunal assemblage and widely correlative 

in carbonate content and grain size distribution. 

The lower 1 of this zone, that is, the top of the subadjacent 

zone, has been dated at slightly less than 24,000 years BP and 

represents a glacial marine zone which corresponds with Frerichs' 

Late Wisconsin Stadial. This zone constitutes a time span of 

about 13,000 years (10,000 years BP to about 23,000 years BP) 

which is represented by about 250 em of sediment (assuming the 
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gures a rate 

19 cm/1,000 s .. 

rates 

ed by Broecker and 

Late Wi 

s 

Below the Late 

sequence, 150 to 200 em 

56. 

to be correctly drawn) . These 

accumulation of order of 

re 

Late Wiscon 

(1958)" 

sconsin 

s the increased 

Stadial as report-

occurs a sedimentary 

, which is characterized by a high 

content, a warm water fauna, a complete lack of 

mineral debris in the +62 micron fraction and relatively ttle 

lithologic the zone. The top of this zone 

may be extrapolated from two nearby radiocarbon dates as having 

an age of about 23,000 

fore be the Late scans 

s BP 

Inte 

' chrono the base 

This interstadial would there­

analogy with 

this interstadial occurs at 

42 000 years BP (529 em in Core 27). 

Middle Wiscons Stadial 

The Wi Stadial of Frerichs' (1968) 

from 42,000 to 54 000 years BP. This period corresponds 

the Port T Interstadial of Dan 

and others (1969 However, re to the temperature curve 

for the Late P istocene Van Der Hammen and others (1967) 

shows that the mean July temperature Netherlands during 

s 11 interstadial" was in only about 6° C as compared with 

a mean of 15° C to 20° C during the Holocene, a maximum of 10° C 

during the Late Wi 

during the true 

al and a mean of about 

Thus about 12,000 

c 
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on Late sconsin Inter , a 

re cool c exi If we assume the top s 

Wiscon 4 00 years BP, 529 em Core 27) , 

to occur as 5, if we assume a 

rate to 15 cm/1 000 years, we determine 

that 150 and 200 em of may have accumulated 

during this interglacial period. Thus the of the 

may be 

to 

The Early 

as F 5 (675 em in Core 27) and 

age about 54,000 years BP. 

sconsin Interstadial of Frerich (op.c 

s between 54,000 years BP 108,000 years BP. The 

Protactinium , at 1,000 em in Core 27, places s point 

near the 

540 em 

le of the 

rate of 1 

54,000 s 

al. Assuming an average 

for the interstadial, 

we would expect about 

sediment to accumulate in this interval. In fact, 

to se of this Early Wisconsin Interstad cal-

from the estimated sedimentation rate (1215 is 

32 em below the base of this interstadial as chosen on 

the s of lithology (1,183 em Core 27). This litholog 

boundary is there tentatively assigned as marking the base 

the Early Wisconsin Interstadial and top of the Early 

Wisconsin Stadial. 

The dark coloured, low carbonate sediments (1,183 em 

to 1,270 em in Core 27) beneath Early Wi Inter 

may represent the glacial marine sediments of the Early Wisconsin 

as the of Cores 27 and 20 to be 
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correct as drawn 5 The Protactinium dates 75,000 

s BP (at 1 000 em in Core 27) and 5,000 years BP (at 1,000 

em Core 20) this glacial marine zone, lend 

to corre on the Wisconsin Stadial. 

The of 125,000 years BP at 1,000 em in Core 20 

suggests that the sediment section 

at 930 em sents Late Sangamon Interglacial 

its 

imentation .. 



59. 

CHAPTER 7 

SUMMARY OF CONCLUSIONS 

(1) The bathymetry of the survey area indicates 

the degree of topographic smoothing due to sediment infill of 

intermontane valleys, increases westward. The degree of 

topographic smoothing is dependent upon the original relief of 

the intermontane depression, on the rate of sediment accumulation 

in the depression, and upon the time span during which sediment 

has accumulated. Keen and Manchester (1970) have shown by 

means of continuous seismic profiling that the crystalline 

basement topography of the partially-filled valleys west of 

the Median Valley, is similar in its relief to that of the 

ridge and valley province flanking the Median Valley, where 

significant sedimentary depos have yet to accumulate. The 

excellent correlation of strata from basin to basin, at similar 

depths below the water-sediment interface, indicates that average 

sedimentation rates, to the depths cored, do not vary markedly 

from basin to basin. Thus the observed westerly trend of 

increasing degree of topographic smoothing indicates an increasing 

period of sedimentation from east to west and suggests that 

the age of the Mid-Atlantic Ridge increases westward from the 

Median Valley. 

(2) The Protactinium-231 date of approximately 75,000 

years BP at 1,000 em in Core 27 yields an average sedimentation 

rate the order of 13 cm/1,000 years for the last 75,000 

years. Carbon 14 dates at 340 em Core 27 and at 330 em in 
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Core 17 were determined as being approximately 27,000 years 

BP and 24,000 years BP respectively. These dates yield 

sedimentation rates of the order of 12 to 14 cm/1,000 years. 

There is evidence that this average may represent the widely 

varying sedimentation rates of glacial and interglacial periods. 

(3) The high degree of stratigraphic correlation 

within and between topographically separate basins has been 

established by comparison of sediment lithology and carbonate 

content, microfaunal zonation and radiocarbon dates. Correlative 

strata vary little in thickness from basin to basin. Strata 

possessing sedimentary features attributable to deposition 

from turbidity currents are rare. The high degree of interbasinal 

correlation of strata, the consistent thickness of correlative 

strata from basin to basin, and the paucity of turbidites 

suggests that during the geologic time represented by the cores, 

sedimentation has been by particle-by-particle accumulation rather 

than by sporadic and massive sedimentation from turbidity 

currents 

(4) Two sediment suites are recognized as typifying 

the Wisconsin stadials and interstadials. 

(a) The stadial sediments are characterized by: 

an abundance of ice-rafted rock fragments 

and minerals, varying in grain size from 

fine sand to fine gravel, 

a relatively low carbonate content in the 

+62 and -62 micron grain size fractions, 

a relatively high non-biogenic silt and 

clay content in the -62 micron fraction, 

a lack of warm water-indicating Foraminifera. 
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(b) The interstadial suite characterized 

the absence of ice-rafted detritus, 

a +62 micron fraction consisting mainly 

of Foraminifera tests, 

a high carbonate content in the -62 

micron fraction, 

warm water-indicating Foraminifera. 



REFERENCES CITED 

Aumento, F. and Loncarevic, B.D., 1968, The Mid-Atlantic 
Ridge near 45°N. III. Bald Mountain: Can. Jour. 
Earth Sci., §_, (11), 11. 

Aumento, F., Loncarevic, B.D. and Ross, D.I., 1970, Hudson 
Geotraverse: Geology of the Mid-Atlantic Ridge 
at 45° N: Phil. Trans, Roy Soc. A, 268, 623. 

Bramlette, M.N., and Bradley, W.H., 1942, Geology and 
biology of North Atlantic deep-sea cores between New­
foundland and Ireland: U.S. Geol. Surv. Prof. Paper, 
196-A, Part 1: Lithology and geologic interpretations, 

Broecker, w.s., Turekian, K.K., and Heeze, B.C., 1958, The 
relation of deep-sea sedimentation rates to 
variations in climate: Am. Jour. Sci., 256, 503, 

Correns, c.w., 1939, Pelagic sediments of the North Atalantic, 
in Trask, P.D., (editor), Recent marine sediments, 
p. 373-395: Tulsa, AM. Assoc. Petrol. Geologists. 

Dansgaard, W., Johnsen, S.J., Meeler, J., Oersted, H.C., and 
Langwdy, C.C., 1969, One thousand centuries of 
climatic record from Camp Century on the Greenland 
Ice Sheet: Science, 166, 377. 

Emiliani, C., 1953, Tertiary ocean bottom temperatures: 
Nature, 171, 887. 

Emiliani, c., 1955, Pleistocene temperatures: Jour. Geol., ~~ 
538. 

Emiliani, C., 1957, Temperature and age analysis of deep-sea 
cores: Science, 125, (3244), 383. 

Emiliani, C., 1966, Isotopic palaeotemperatures: Science, 154, 
(3751)' 851. 

Emiliani, C., 1970, Pleistocene palaeotemperatures: Science, 
168, 822. 

Ericson, D.B., and Wollin, G., 1956, Micropalaeontological and 
isotopic determinations of Pleistocene climates: 
Micropalaeontology, ~~ 257. 

Ericson, D.B., 1963, Cross-correlation of deep-sea sediment 
cores and determination of relative rates of 
sedimentation by micropalaeontological techniques, 
in: The Sea 3, 832-842, Ed. M.N. Hill, Interscience, 
New York. -

Ericson, D.B., Ewing, M., and Wollin, G., 1964, The Pleistocene Epoch 
in Deep-Sea Sediments: Science 146, (3645), 723. 



Ewing, M., Ewing, J.I., Talwani, M., 1964, Sediment distribution 
in oceans: the Mid-Atlantic Ridge: Geol. Soc. Am. 
Bul. , ?_2, 17. 

Ewing, M., Le Pichon, X., and Ewing, J., 1966, Crustal structure 
of the mid-ocean ridges, 4, sediment distribution in 
the South Atlantic ocean and the Cenozoic history of 
the Mid-Atlantic Ridge: Jour. Geophys. Res., 71 (6), 
1611. 

Frerichs, W.E., 1968, Pleistocene- Recent boundary and 
Wisconsin glacial biostratigraphy in the Northern Indian 
ocean: Science, 159, (3822), 1456. 

Garner, D.M. and Ford, Wm. L., 1969, The Mid-Atlantic Ridge 
0 near 45 N., IV, Water properties in the Median Valley: 

Can. Jour. Earth Sci.,~, (6). 

Heezen 1 B.C. 1 Tharp, M. 1 and Ewing 1 M. 1 1959-, Floors of the 
oceans, 1, The North Atlantic: Geol. Soc. Am. Spec. 
Paper 65. 

Herrin, E., Hicks, H.S., and Robertson, H., 1958, A rapid 
volumetric analysis for carbonate in rocks: Field 
and Lab.,~' 139. 

Keen, M.J. 1 and Manchester, K.S., 1970, The Mid-Atlantic Ridge 
near 45° N. X, Sediment distribution and thickness 
from seismic reflection profiling: Can. Jour. Earth 
Sci., 7_, (3), 735. 

Kullenberg, B., 1947, The Piston Core sampler: Svenska Hydr.­
piol. Komm. Skr., Tr. Hydr . .!_, (2), 1. 

Shackleton, N., 1967, Oxygen isotope analyses and Pleistocene 
temperatures re-assessed: Nature, 215, 15. 

Sverdrup, H.U., Johnson, M.W., and Fleming, R.H., 1942, The 
oceans their physics, chemistry and general biology: 
Prentice-Hall Inc. 

van Andel, T.H., and Komar, P.D., 1969, Ponded sediments of the 
Mid-Atlantic Ridge between 22° and 23° North latitude: 
Geol. Soc. Am. Bul., ~, 1163. 

van der Hammen, T., Maarleveld, G.C., Vogel, J.C., and Zagwijn, 
W.H., 1967, Stratigraphy, climatic succession and 
radiocarbon dating of the last glacial in the 
Netherlands: Geol. Mijnbouw, !?_, 79. 



APPENDIX 1 

CORE LOGS AND PHOTOGRAPHS 
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at the top to a brownish gray, (10YR6/2) I 

at the A (?) le occurs 

at 346 em ameter .. The 

lower contact is a s color 

contrast .. 

White 1 darkens 

toward 10 em) to light 

brownish gray 10YR6 The upper 10 em of 



DEPTH, CM 

410-482 

482-493.5 

493.5-496 

496-501 

501-506 

BIO 

the 

The lower contact 

extent burrow 

zone. 

mott1ings. 

due to the 

the contact 

, to ( 

, 1 (foraminifera 

less than 10 %) . Burrow mottling is ubiquitous. 

Indurated, dark brown lets (up to .5 em 

diameter) are common. The lower contact is 

indefinite due to extensive burrow mottling. 

White, The calcilutite 

is prominently (dark) 

grayish-brown 10YR5/2, lutite. The lower 

contact is a sharp textural 

contact .. 

Light brown, 

apparent 

color 

1 sand with 

foraminiferal 

(40 %) contact is again 

marked by a and change. 

White, 10YR8 Some mottling 

is The lower contact a stinct 

color contact .. 

Grayish-brown 

There is an 

near the 

sharp color 

Some mottling is present. 

contact is by a 



DEPTH, CM 

506-513, 
approx. 
(bottom} 

BIO 19-66-1 

DESCRIPTION 

White, 

passes a di 

which extends 

At 555 em, a 

This 

513 em. to 567 em. 

rock fragment, 1.5 em 

maximum diameter, occurs. 

* * * 



DEPTH, CM 

Top - 35 
approx. 

35-46 

46-72 

72-84 

84-90 
(bottom) 

BIO 19-66-15 

DESCRIPTION 

Light yellowish-brown, , foraminiferal 

calcilutite. Foraminifera constitute 10 - 15 % 

of the sediment .. shells occur 

down to approximately the lower contact. 

The lower contact is a gradational, textural 

contact of arbitrary location. 

Light yellowish-brown, 10YR6/4, lutitic, 

fine foraminiferal sand.. The lower contact 

is marked by a distinct color and textural 

contact. 

Grayish-brown lutite, containing numerous 

indistinct laminations and burrow mottlings. 

The lower contact is a distinct color 

contact. 

Grayish-brown, 2.5Y5/2, lutite, intensely 

burrow mottled. The lower contact a 

mottled color contact. 

Light grayish-brown, 2.5Y7/2, lutite, 

markedly burrow mottled with dark sediment 

from the super-adjacent layer 

Below 90 em calcilutite 

which 

This 

been sucked in by the corer piston. 

and color except 

layers occur 

650 em.. The 

layers are 

* * 

5 

* 

is in texture 

foraminiferal sand 

580 em and, 625 to 

contacts of these 



DEPTH, CM 

Top-45 

45-76 

76-104 

BIO 19-6 -17 

DESCRIPTION 

Pale brown, 10YR6/3, foraminif·eral calcilutite. 

Throughout top 30 em, the Foraminifera 

content is about 10 % (by volume). A gradual 

increase in abundance occurs below 30 em, 

reaching a maximum at 42 em, of perhaps 90 % 

of the sediment, which is here a foraminiferal 

sand. Downward the sediment displays a rapidly 

gradational increase in the calcilutite 

fraction to the lower contact at 44 em which 

is marked by a color and textural change. A 

thinly manganese (?) - coated carbonate 

pebble, grayish brown in color, occurs at 

29 em and has a max. dia. of 1 em. Two 

. gravel-sized fragments, 2 mm dia., occur at 

33 em. One is of crystalline igneous rock. 

A grayish-brown, carbonate rock fragment, 

0.5 em max. dia., occurs at 40 em. 

(dark) Grayish brown, lOYRS/2, lutite. The 

top and bottom 5 em of the are burrow 

mottled. Between 52 em and 71 em, numerous 

laminae of darker brown sediment occur. At 

approximately 70 em, a layer containing an 

abundance of Foraminifera, sand-s mineral 

fragments and volcanic (?) occurs. Sand 

and find gravel-sized detritus scattered 

throughout the whole horizon. The lower 

contact is an indistinct color contact. 

Light brownish , 10YR6/2, lutite. A few 

mottlings are present, as are scattered 

gravel fragments. The contact marked 



DEPTH, CM 

104-117 

117-155 

155-176 

176-202 

B.IO -66-17 

DESCRIPTION 

by an indistinct color change. 

Slightly darker lutite than super-

adjacent layer. A gneissic rock fragment, 

1 em dia. occurs between 111 em and 112 em. 

The lower contact is marked by an indistinct 

color change. 

Light brownish gray, 10YR5.5/2, lutite. 

Foraminifera constitute approximately 10 % 

of the sediment by volume. The lutite is 

extensively burrow mottled. At about 138 em, 

a darkening occurs; above this, the mottling 

is darker than the host, while below, the 

mottling is lighter than host color. 

The lower contact is burrowed and arbitrarily 

located. 

Light brownish gray, 10YR6/2, lutite. The 

top 2 em are rich in Foraminifera (30- 40 %}, 

and include a granitic fragment at 156 em. 

Burrow mottling is apparent. The lower 

contact defined by a distinctive color 

change (darkening). 

(greenish) Gray, 

are burrow mottled sediment 

The top 5 em 

the color 

of the super-adjacent layer. 

NB: Generally, burrow mottling results in 
the downward transport sediment and 
is most apparent therefore, two 

contact one 
another 



DEPTH, CM 

202-229 

229-242 

242-254 

BIO 6-17 

DESCRIPTION 

Below this, the lutite is essentially 

structureless. A large quartz biotite 

gneiss pebble (well rounded) occurs at 

198 em. The lower contact is a distinct 

color and textural contact. 

(light brownish) Gray, 10YR6/l, foraminiferal 

lutite. The top of the layer is lutitic 

foraminiferal sand and is distinctly mottled 

with lutite from above. The lutite becomes 

predominant by 215 em depth. Between 223 em 

and 227 em occur fifteen or more, gray, 

7.5 YR5/0, lutite laminae, each less than 

0.5 mm thick. These are apparently composed 

of gray-stained foraminiferal tests and 

volcanic (?) debris. The lower contact is a 

burrow-mottled color contact. 

The sequence of the previously described layer 

between 176 em and 202 em is repeated; (greenish) 

gray lutite, mottled with lighter-colored 

lutite from above but otherwise, structureless. 

The lower contact is a burrowed, color and 

textural contact. 

Light brownish gray foraminiferal lutite. The 

upper two to three centimeters are foraminiferal 

sand which grades into foraminiferal lutite 

(Foraminifera 10 %} by 248 em depth. The 

lower contact is an arbitrary, mottled color 

contact. 



DEPTH, CM 

254-331 

331-364 

364-376 

376-522 

BIO 6-17 

DESCRIPTION 

Grayish brown, lOYRS/2, to light brownish 

gray, 10YR6/2, lutite. The sediment is 

extensively mottled throughout the top 20 ern 

with lighter colored lutite. The lower 

contact is marked by a distinct color contrast. 

White, 10YR8/l, calcilutite. The top 5 em are 

burrow mottled with brown lutite from above. 

The lower is a faint color contact. 

Light brownish gray lutite, extensively 

burrow mottled with calcilutite from above. 

Some mottlings consist of foraminiferal 

tests, as if concentrated by the burrowing 

animal. The upper and lower contacts are 

extensively mottled and arbitrarily drawn. 

White, 10YR8/l, calcilutite. The upper 10 em 

are extensively mottled with lutite from above. 

Mottling is most intensive at the contact and 

diminishes in frequency downward. Between 

390 em and 429 em, the sediment appears 

structureless. Below 429 em the host sediment 

darkens slightly and lighter mottling (white) 

occurs throughout. A concentration of 

Foraminifera occurs between 329 em and 396 em. 

The boundaries of this horizon are gradational. 

Between 445 em and 460 em, a predominantly 

darker, (light brownish. gray, 215Y5/2} horizon 

occursi its contacts with the host layer are 

indefinite. Below 460 em, the sediment is 



DEPTH, CM 

522-526 

526-536 

536-650 

BIO 19 6-17 

DESCRIPTION 

again white and structureless to a depth of 

approximately 505 em where a gradual darkening 

begins. The lower contact is a distinct 

textural contact. The lower 8 em of sediment 

contain an increased population of Foraminifera, 

reaching an estimated 50 % at the lower contact. 

Foraminiferal, and rock and mineral-fragment 

sand. The sand is apparently graded, with 

Foraminifera predominating at the top and 

accompanied by fine to medium-sand sized 

mineral particles. Toward the bottom, mineral 

and rock fragments (medium coarse sand) 

predominate. The lower contact is distinctively 

marked by a color and textural contrast. 

(This sand, possibly represents the sediment 

deposited by an eroding current as witness 

the diametrically opposite sediment types 

on either side of the sand layer). 

(dark)Grayish brown, 2.5Y5/2, lutite. Some 

burrow mottling is present. The lower contact 

is a sharp color contact. 

This unit consists of light to dark grayish 

brown lutites which occur in indistinct horizons, 

each being color gradational, one into the 

other: 

a distinctly gray colored layer occurs 

between 544.8 em and 545 em. 

a quartzone pebble, 1.5 em maximum diameter 

occurs at 555 em. 



DEPTH, CM 

650-662 

662-692 

692-753 

BIO 19-66-17 

DESCRIPTION 

a dark grayish~green siliceous pebble, 

1 em maximum diameter, occurs at 619.5 em. 

an horizon containing frequent, medium 

sand-sized particles of undetermined 

nature (volcanic ?) occurs between 

approximately 610 em and 630 em. This 

is accompanied by a marked color darkening. 

Burrow mottling is ubiquitous. The lower 

contact is a burrow mottled, color contact. 

Light brownish-gray, 2.5Y6/2, calcilutite. 

The lower contact is burrow mottled and 

arbitrary. 

Extensively burrow mottled light gray-brown 

and darker gray-brown calcilutite. A grayish­

brown1 limestone fragment, 1 em maximum 

dimension, occurs at 682 em. The lower contact 

is marked by a distinct color contrast. 

Light gray, 10YR7/l, calcilutite distinctively 

mottled with darker sediment from the super­

adjacent layer. 

Several faint laminae (manganese ?) laminae 

occur at 718 em. 

Concretion-like phenomena occur at 734 em 

and 741 em. The uppermost; 3 em maximum diameter, 

is elliptical in cross-section and consists of 

several concentric layers of dark gray sediment 

(manganese ?) • 

The lowermost; more closely approaches a 



DEPTH, CM 

753-764 

764-780 

780-860 
(approx.} 

BIO -66-17 

DESCRIPTION 

circular cross-section. This body again 

consists of concentric laminae. Its diameter 

is approximately 4 ems. Below 735cm the 

sediment darkens and mottling is common. 

The lower contact is defined by an abrupt 

textural change. 

Brownish~gray foraminiferal find sand. Between 

753 em and 757 em Foraminifera are abundant 

(90 %}, and generally large. Between 757 em 

and 764 em the content is about 70 % and the 

Foraminifera are relatively diminutive. The 

lower contact is a gradational textural 

contact and is arbitrarily located. 

Light brownish gray, 10YR7/2 (top 6 em) 

grading to grayish brown, 10YR5/2 (lower 10 em) 

lutite. Mottling is very prominent in the 

lower 10 em. Two blebs of Mn (?) encrusted 

Foraminifera occur between 764.5 em and 

765.5 em. The blebs are about 1 em in diameter. 

The lower contact is a burrow-mottled color 

contact and is arbitrarily located. 

White, 10YR8/1 1 calcilutite. The top 15 em 

are slightly darker in color and distinctively 

mottled with grayish brown lutite from above. 

Between 818 em and 828 em, a slight darkening 

occurs and is accompanied by faint but 

abundant mottling. The upper and lower 

contacts are indefinite. 



DEPTH, CM 

860-885 
(approx.) 

885-905 

905-957 

957-982 

BIO 19-66-17 

DESCRIPTION 

The lower contact displays a gradational 

color change. 

Greenish. gray, 5Y5/l, lutite intensively 

mottled with sediment from above. The 

intensively mottled lower contact is marked 

by a sharp color contrast. 

Light grayish brown calcilutite. The lower 

contact dips very steeply at about 80° and 

may represent a disturbance during coring, 

though the surrounding sediments give no 

confirming evidence. The lower contact is 

marked by a sudden appearance of mottling. 

Brownish gray, 10YR8/l, calcilutite, distinctly 

burrow mottled throughout the top 7 em with 

small diameter, elongate burrow, 1 mm diameter. 

Between 929 em and 937 em, the calcilutite 

takes on a greenish tinge. The upper contact 

of this sub-layer is a rapidly gradational 

color contact while the lower contact is a 

burrow mottled contact. Between 937 em and 

950 em, large mottlings of the greenish gray 

sediment occur. 

The lower contact is a mottled yet distinct 

color contact. 

Light. gray foraminiferal calcilutite. The 

upper 6 em are grayish brown foraminiferal 

sand and contain perhaps 75 % Foraminifera. 



DEPTH, CM 

982-1002 

1002-1030 
(bottom) 

BIO 19 6-17 

DESCRIPTION 

Several rock fragments, 0.5 ern maximum 

diameter, accompany this zone at 960 ern. 

Downward, the Foraminifera content slowly 

diminishes to the lower burrow-mottled color 

contact. 

The top 8 ern are greenish gray, 5Y5/l, 

lutite, bu~rowed with the lighter colored 

calcilutite from above. Beneath this, burrow 

mottling ceases and the color darkens to 

dark greenish gray, 5Y4/l, lutite. The 

lower contact is a distinct color contact. 

Light to dark brownish_ gray, mottled lutite. 

Some disturbance caused by the coring process 

is apparent below 1010 ern. A reddish-brown, 

siliceous pebble occurs between 1002 ern and 

1003 ern. 

* * * 



depth, em 

Top - 38 

38 - 52 

52 - 70 

70 - 92 

92 -
approx. 
190 

BIO 19-66-18 

Description 

Pale brown, 10YR6/3, calcilutite. Approximately 

the top 10 em have been disturbed in the coring 

process and the location of the 10 em depth 

position is uncertain. The lower contact is a 

burrowed, color contact. 

Grayish brown, lOYRS/2 to dark grayish brown, 

4/2, lutite containing faint, dark brown 

laminae. The lower contact is a gradual color 

change. 

Light brownish gray, 10YR5.5/l, lutite 

containing faintly darker laminae to 57 em. The 

lower contact is a gradational color contact. 

ght brownish gray, 10YR6/l, lutite. Between 

72 em and 73 em occurs a layer of foraminiferal 

sand. The lower contact of the sand layer is a 

sharp textural contact and appears to dip at 

5 to 10 degrees though the apparent dip may be 

due to the coring process. The lower contact 

is a rapidly gradational color change. 

(greenish) gray, SYS/1, lutite. A slight color 

lightening occurs between 142 em and 150 em. 



depth, em 

190-208 

208-240 

240-402 

BIO 19-66~18 

Des tion 

This zone contains a concentration 

Foramini ra between 146 em and 147 em. 

The whole zone appears to have a relatively 

high Foramini ra content. The lower contact 

is an extensively burrowed color contact and 

is arbitrarily located. 

White calcilutite, thoroughly mottled with 

dark lutite from the adjacent layer. The 

lower contact is again thoroughly burrowed 

and arbitrarily located. 

Gray, 5Y6/l, lutite. The lower, arbitrarily 

located contact is color gradational. 

(light) Gray, 5Y6.5/l, cal lutite. A high 

foraminife content, about 70% by volume, 

occurs between approximately 295 em and 308 em. 

The upper contact appears texturally gradational 

whi the lower contact is a sharp textural 

contact. At 335 em occurs a notable 

concentration of Foramini ra in a zone, 2-3 em 

thick. 

Throughout the layer, areas bl -colored 

sediment are present. One was sampled at 347 em. 



depth, em 

402-515 

515-825 

BIO 19-66--18 

ion 

The lower contact marked a distinct and 

sudden color darkening. 

(greenish) Gray, 5Y6/1, lutite. Some manganese (?) 

mottlings occur throughout the layer. The lower 

contact is a steeply arcuate (convex up), 

sharp color contact, distorted by insipient 

"flow in". While distortion has occurred, it 

seems that the essential sequence of layers has 

not been destroyed. The layered appearance of 

a horizontal section through the core at this 

contact zone, shows that calcilutite from below 

has been drawn upward into the lutite above. 

Thus the lower contact mi be located at 

about 530 em. 

White, 10YR8/l, calcilutite. The color darkens 

to 10YR6/l between about 560 em and 578 em. 

Consi rable distortion is evidenced by the 

distended mottlings between approximately 530 em 

and 590 em. Below 590 em, this distortion 

appears absent. A prominent black 

(manganese?) mottlings occur below 600 em. 

Between 800 em and lower contact, a 



depth, em 

825-850 

850-901 
(bottom) 

BIO 19-66...,18 

Des ion 

gradational darkening occurs. The lower 

contact is marked by a burrowed color contact. 

(brownish) Gray, 5Y5/l, lutite. The lower 

contact is a slightly distorted color contact. 

White calcilutite. 

* * * * * * * 



DEPTH, CM 

Top-40 

40-70 

70-147 

147-175 

175-195 

195-209 

209-229 

B.IO 6-20 

DESCRIPTION 

Light yellowish brown, 10YR6/4, foraminiferal 

calcilutite. The lower contact is marked by 

a gradational color darkening and is 

arbitrarily located. 

(dark) Grayish brown, lOYRS/2, lutite. Between 

50 em and 60 em a series of darker laminae 

occur. The lower contact is marked by a 

color lightening and is burrow mottled. 

(lighter) Grayish brown lutite, apparently 

structureless. The lower contact is marked 

by a sharp color contrast. 

(greenish) Gray, 5Y4/l, lutite. A large 

brown pebble occurs at 160 em. The lower 

contact is a mottled color contact. 

(light) Gray, 5Y6/l, lutite. The lower 

contact is a sharp, mottled color contact. 

Grayish brown lutite. A dark gray lamination, 

0.5 em thick occurs at 197 em. The lower 

contact is marked by a distinct color contrast. 

Light gray, 5Y7/l, calcilutite. The lower 

contact coincides with the severed end of 

one core section and is obscured. An ochre­

colored, limonite (?) pebble occurs at 229 em. 



DEPTH, CM 

229-241 

241-284 

284-315 

315-341 

341-437-
476 

BIO -6 

A zone of extensively burrow-mottled lutite. 

The lower contact is burrowed and trarily 

located. 

Grayish brown, 2.5Y5/2, lutite, lightening 

at about 267 em to light brownish gray, 

2.5Y6/2, te. The lower contact is a 

burrowed, color contact. A dark gray 

metasedimentary (?) pebble, 5 em maximum 

diameter, occurs at approximately 245 em. 

The pebble exhibits prominent striae. 

White to light gray calcilutite. The lower 

contact is a color-gradational, arbitrary 

boundary. 

Light gray, 2.5Y7/2, calcilutite. A zone 

containing lutitic, fine foraminiferal sand 

(Foraminifera 75-85 %) , occurs between 325 em 

and 329 em (several samples were taken) . 

The layer may be graded. The layer's contacts 

appear gradational. The lower contact of 

the 315 em to 341 em layer, a mottled 

color contact. 

White to very light gray foraminiferal 

calcilutite. A darkened zone with gradational 

contacts occurs between 406 em and 415 em. 

A dark gray (Mn ?) lamination occurs in the 

vicinity of 384 em and has a 45°. The 

lower contact thoroughly burrow mottled. 



DEPTH, CM 

476-492 

492-525 

525-550 

550-584 

584-587 

587-609 

609-637 

BIO 6-20 

DESCRIPTION 

(greenish) Gray, 5Y5/l, At 482 em, 

occurs an angular, quartzite 

pebble, approximately 3 em in diameter. 

The lower contact is a gradational color 

contact. 

(light greenish) Gray, 5Y6/l, lutite. The 

lower contact is a sharp color contact. 

Dark greenish brown lutite. The lower 

contact is marked by a gradational color 

lightening. 

Light brownish gray, 2.5Y6/2, lutite which 

is thoroughly burrow mottled. The lower 

contact coincides with the cutting of the 

core but is apparently a color contact. 

Light gray, 2.5Y7/2, te.. The lower 

contact is marked by a gradational color change. 

Two darker 

gray, 2.5Y6/l, laminae; 2 em to 3 em thick 

occur between 602 em and 603 em. The lower 

contact drawn a burrow mottled zone 

beneath which the sediment color darkens. 

Gray, 5YR6/l to (darker} gray, 5Y5/l, lutite. 

Mottling is common throughout. The lower 

contact is marked by a sharp color change and 

possibly a ; an 



DEPTH, CM 

637-647 

647-656 

656-664 

664-731 

BIO 0 

DESCRIPTION 

increase in cent toward 

the lower contact. 

Light (brownish} gray, 2.5Y7/2, Foraminiferal 

sand. The top 3 em are finely mottled with 

lutite. The lower contact is marked by a 

faint color darkening but appears texturally 

gradational. 

Gray, 5Y6/l, foramini lutite. The 

Foraminifera content diminishes downward from 

about 50 % at the upper color contact. The 

lower contact is a burrow mottled color 

contact .. 

Grayish brown, 2.5Y5/2, lutite, containing 

lighter colored mottlings from the layer 

above. The lower contact is a thoroughly 

burrow-mottled color contact. 

White, 10YR8/l, calcilutite. The upper six 

centimeters contain numerous dark mottlings 

from the super-adjacent layer. Curious linear 

burrow occur at 657 em 680 em 

curving back at 682.5 em and 689 em. Each 

is 0 .. 2 to 0.3 centimeters thick. 

Slight darkeni~g occurs between 689 em and 

700 em. The lower contact is marked by a 

. gradational color darkening. 



DEPTH, CM 

731-744 

744-780 

780-805 

805-818 

818-845 

845-862 

BIO 19 -20 

DESCRIPTION 

(dark} Gray, 5Y5/l, lut~te containing 

numerous mottlings. The lower contact 

burrowed and arbitrary. 

(brownish) Gray, 5Y6/l, lutite. A darker 

brownish gray lutite layer occurs between 

749 em and 751 em. Below 760 em burrow 

mottling is intensive. The lower contact 

is burrowed and arbitrary. 

White to light gray, 215Y7/l, calcilutite. 

At 782 em a distinct color change to gray 

from white occurs with the gray color 

diminishing in intensity downward to zero 

at about 795 em. The lower contact is color 

. gradational. 

(dark brownish) Gray, 5Y5/l, 

lower contact is marked by a sharp color 

contrast .. 

, 5Y6/l, lutite ch encompasses a 

Foraminifera-rich layer between approximately 

830 em and 840 em. Foraminifera per cent 

ranges 50 % and 80 %, with the maximum 

at about 837 em.. The lower contact is a 

. gradational color contact. 

(dark) Gray 1 5Y4.5/l, lutite. lower contact 

is a mottled, tinct color contact. 



DEPTH, CM 

862-876 

876-912 

912-918 

918-930 

930-949 

949-957 

957-975 

9 7 104 7 

BIO --66 

DESCRIPTION 

Gray, 5Y6 , lutite. contact 

a gradational color contact. 

Grayish brown, 2.5Y5/2, lutite. The lower 

contact is a sharp, burrowed color contact. 

Light brownish_ gray, 2.5Y6/2, lutite. The 

lower contact is a sharp color contact. 

(lighter) Light brownish gray, 2.5Y6.5/2, 

calcilutite. The lower contact is a sharp 

color contact. 

White, 10YR8/l, calcilutite. The lower, 

mottled contact apparently coincides with 

the end of a core section and could not be 

observed .. 

Light brownish gray, 2 .. 5Y6.5/2, lutite. 

The lower contact is marked by a distinct 

color 1 

White, 5Y8/l, calcilutite, grading downward 

to , 5Y6/l, calcilutite The lower contact 

is a sl mottled color contact. 

White calcilutite, including: 

between 982 em and 991 em; about six laminae 

( 2 rom thick). Of slightly darker sediment, 

the lowermost lamination is distinct from the 

in that it has a color between 



DEPTH, CM 

10 4 7-10 62 

1062-1077 

1077-1082 
(bottom) 

108 156 

1156-1193 

1193-

BIO -66-20 

DESCRIPTION 

1010 em and 1015 cmi the has a 

darker (brown} with mottlings appearing 

beneath this zone 

The lower contact 

the white, host calcilutite. 

marked by a laminated 

zone in which the sediment color darkens 

notably .. 

gray, 5Y4.5/2, lutite. The lower contact 

is marked by a rapidly gradational color 

contact. 

Gray, 5Y6/l, calcilutite. The lower contact 

is marked by a rapidly gradational color 

darkening. 

(dark)Gray, 5Y5/l, lutite containing abundant 

indurated black pellets; 0.2 em to 0.3 em 

diameter. Below 10 82 em occurs "flow in'~, 

similar to the dark gray lutite just described. 

II 

(dark} Gray lutite. 

calcilutite inclusions. 

Light brownish gray calcilutite. 

* * * 



DEPTHJ CM 

"Top"-02 

02-50 

50-63 

BIO 6 

DESCRIPTION 

Penetration the corer exceeded 1200 em 

(the combined length of the two pipes 

attached below the head), a section of 

undetermined length was lost from the top 

of the core. Comparing the stratigraphy of 

this core with that of the other cores, a 

minimum loss of 30 em suggested. The 

depths following have not been corrected 

accordingly 1 however the diagrammatic 

representation of core lithology is so 

adjusted. 

Light yellowish-brown, 10YR6/4, foraminiferal 

calcilutite. The lower contact is an 

irregular but sharp color contact. 

N.B. The upper 10 em have been somewhat 

distributed in the coring process. 

Brownish-gray lutites: 09-16 em (ligh~ gray, 5Y6/l 

16-32 em (brownish) gray, 
10YR5/l 

Between 19 and 23 em numerous 
dark laminae occur. 

32-50 em (light) gray, 5Y6/l 
becoming (dark) gray SYS/1 
toward the bottom. The 
darker section is finely 
burrow mottled .. 

(light) Gray, 5Y6/l, lutite. The lower contact 

is burrow mottled. 



DEPTH, CM 

63-80 

80-90 

90-131 

131-190 

190-218 

218-250 

250-272 

BIO -66-26 

DESCRIPTION 

Between 

75 em and 80 em several faint gray laminae 

occur. The lower contact is a gradational 

color contact. 

(light) Gray, 5Y5.5/l, lutite, thoroughly 

burrow mottled with lighter colored sediment 

from above. The lower color contact is 

burrowed. 

Light gray, 5Y7/2, calcilutite. The lower 

contact is burrowed. The top 20 em are finely 

burrow mottled. 

Between 107.5 em and 108 em, a layer containing 

an abundance of fine burrow mottling, occurs. 

The lower contact a burrowed, color contact. 

White, 10YR8/l, calcilutite. 

A disturbed zone caused by a water pocket. 

Foraminiferal sand and white calcilutite 

apparently occupied most of this area. 

White, 5Y8/l, calcilutite. The lower contact 

is a gradational color contact and is arbitrarily 

located .. 

(light) Gray, 5Y6/l, lutite. The lower contact 

is a burrow mottled, color contact. 



DEPTH, CM 

272-300 

300-380 

380-546-

696 

696-710 
(bottom} 

RIO -66 

DESCRIPTION 

White, 10YR8/l, calcilutite.. The lower 

contact is indistinctly marked by a gradational 

color change. 

(greenish} White, 5YB/2, calcilutite. The 

lower contact is an indefinite (arbitrary) 

color contact. 

White, 10 YR8/l, calcilutite, frequently 

exhibiting (greenish) white, 5Y8/2, mottlings. 

A graded (?) foraminiferal sand layer occurs 

between 420 em and 423 em. (Samples at 

420 em and 422 em) . The lower contact of 

the foraminiferal sand layer is a sharp 

textural contact while the upper contact 

appears. gradational. A layer of yellow 

sediment (origin unknown) occurs between 

554.5 em and 555 em. Zones of light gray, 

5Y7/l, calcilutite occur between 609 em and 

622 em, and 670 em and 684 em. The lower 

contact is a sharp color contact. 

Greenish-gray lutite. 

Below 710 em depth, occurs "flow-in". 

* * * 



DEPTH, CM 

Top-56 

56-70 

70-103 

103-124 

124-204 

204-230 

230-248 

BIO 19 6 

Pale , 10YR6/3, lutite. 

The few centimeters contain an abundance of 

pteropods. To 40 em , the sediment 

is essentially structureless, while between 

50 and 56 em, burrow mottling apparent. 

The lower contact is a but dis 

contact .. 

Darker brown lutite containing numerous 

laminae. The lower contact an indistinct 

color contact. 

Light brownish-gray, 10YR6/2, foraminiferal 

calci An area contorted darker 

sediment occurs between 74-84 em. The 

lower contact is a faint yet distinct color 

contact. 

Slightly brownish-gray, calci te. ------
The lower contact is a burrowed, color 

contact. 

Light sh­

darkens 

lutite 

Burrow mottling evident. 

The lower contact is a burrow-mottled co 

contact. 

(lighter} Gray, 5Y6/l, calcilutite. 

The contact 

, SYS/1, Several thin ( s 



DEPTH,CM 

248-290 

290-335 

335-387 

387-398 

398-440-

489 

BIO 7 

DESCRIPTION 

.5 mm) laminae of b lutite occur 

between 232 and 233 em. The lower contact 

is marked by a tinct color contrast. 

Light gray foraminiferal calcilutite. Burrow 

mottling by darker colored sediment is 

common and causes a general darkening of 

the sediment to 290 em. Between 260 and 

261 em, the sediment has an indistinct yellow 

tinge. The lower contact is a distinct color 

contact. 

Grayish brown, 2.5Y5/2, changing downward to 

light brownish-gray, 2.5Y6/2, lutite. Burrow 

mottling is common. The lower contact a 

sharp color contact though burrow mottled. 

White foraminiferal calcilutite. Burrow 

mottling is faintly evident. The lower contact 

is a gradational color contact. 

Light brownish gray, 2.5Y6 , calcilutite. 

Extensively burrow mottled with white 

calcilutite. The lower contact is an abrupt 

and distinct color contact. 

White foraminiferal calcilutite. Mottlings of 

dark sediment from the super-adjacent layer 

are present in the top 10 em of this horizon. 

Between 465 em the lower 

contact, the to a greenish-



DEPTH, CM 

489-529 

529-608 

608-630 

630-645 

645-657 

657-667 

667-675 

BIO 6 7 

DESCRIPTION 

. gray color. The 

color contact .. 

contact a burrowed 

White foraminiferal calcilutite which darkens 

slightly toward the lower color contact at 

529 em 

Grayish-brown, 2o5Y5/2, lightening below 

590 em to light brownish-gray, 2.5Y6/2, lutite. 

A considerable dark mineral content is present. 

The lower contact is burrow mottled and 

marked by a color contrast. 

Light gray, 10YR7/l, calcilutite. The lower 

contact is an indefinite color contact. 

(dark) Light gray, 10YR6/l, foraminiferal 

calci Foraminifera constitute perhaps 

30 % of the sediment. The lower contact is 

marked by a dis color and textural change. 

(yellowish) , 10YR7/2, foraminiferal 

sand. Foraminifera constitute about 90 % of 

, about 10 %. The 

gradational. 

Light. gray, 10YR7/2, The lower 

contact is marked by a color change. 

Light 

thoroughly 

, 10YR6/2, lutite which is 



DEPTH, CM 

675-726 

726-738 

738-765-

775 

775-790 

790-792.5 

792.5-797 

797-803 

803-860 

RIO 19-66-27 

DESCRIPTION 

White foraminiferal calcil'utite. The lower 

contact is a burrow-mottled color contact. 

Dark brownish~gray lutite. The lower is an 

indefinite burrow-mottled contact. 

Light brownish-gray, 10YR6/2, lutite. The 

sediment is thoroughly burrow mottled. 

White, 10YR8/l, calcilutite. A probable 

gneissic pebble containing garnet, occurs 

at 789 em. Its maximum diameter is 2 em and 

it is subrounded. The top 5 em of this 

layer exhibit an abundance of fine mottlings 

of brown lutite from the super-adjacent layer. 

The lower contact is a sharp color contact. 

Gray, 5Y5/l, lutite. The lower contact is a 

sharp color contact. 

Light gray, 10YR6/l, lutite. The lower contact 

is marked by a color change. 

Gray, 5Y5/l, lutite. The color of the sediment 

lightens downward to the lower contact where 

it is light gray, 10YR6/l. The lower burrowed 

contact is marked by a color contrast. 

(light} Gray, 5Y6/l, lutite. Between 834 em 

and 837 em a layer of (darker} gray, 2.5Y5/0, 

lutite occurs; its upper contact distinct and 

unburrowed, its lower contact burrowed. 



DEPTH, CM 

860-894 

894-907 

907-930 

930-976 

BIO -6 7 

DESCRIPTION 

Between 822 and 828 ern, several laminae of 

faintly darker sediment occur. Each is 

approximately 1 rnrn thick. 

Between 830 and 830.5 ern, a layer of (dark) 

gray lutite similar to that just mentioned, 

occurs. The lower contact is marked by a 

sharp color change. 

Gray, 5Y5/l, lutite. Between 890 ern and 894 em, 

a sequence of 5 or more thin layers of lighter 

colored sediment occurs. The lower contact is 

a remarkably sharp color contact and is 

undisturbed. 

Dark gray, 5Y4/l, lutite. The lower contact 

is marked by a color lightening. 

Gray, 5Y6/l, foraminiferal lutite. The Foraminifera 

content increases suddenly at about 914 ern from 

approximately 25 % to about 90 %. A considerable 

gravel-sized fraction is present. A quartz 

grain, 3 rnrn in diameter, occurs at 918 ern. A 

shale fragment 2 rnrn in diameter occurs at 914 ern. 

The lower contact marked by a color change. 

(dark) Gray, 5Y5/l, lutite becoming gray, 

5Y6/l beneath 950 ern. Burrow mottling is very 

common. The mineral and rock-fragment sand 

and gravel fraction appears considerable in this 

horizon. A sub-angular, dark gray shale pebble, 

0.9 em maximum diameter, occurs at 943 em. 



DEPTH, CM 

976-988 

988-998 

998-1011 

1011-1024 

1024-1036 

1036-1073-

1087 

1087-1101 

BIO 19 6-27 

DESCRIPTION 

Calcilutite. 

Gray, 2.5Y6.5/2, foraminiferal lutite 

(Foraminifera 30 %) . The lower contact is 

a burrowed color contact. 

Gray, 5Y6 , foraminiferal lutite. Between 

1007 em and 1011 em, the Foraminifera content 

is approximately 75 %. Above 1007 em 

Foraminifera constitute about 50 % by volume 

of the sediment. A sharp boundary exists 

between these two horizons. The lower contact 

is marked a color change. 

Gray, calcilutite; 

Foramini - 80 % of the 

sediment. Foraminifera abundance diminishes 

downward. An area by manganese (?) 

occurs at 1023 em. The lower contact is a 

faint, yet sharp color contact. 

Light brownish-gray, 10YR6/2, foraminiferal 

lutite, extens burrow mottled with white 

calci from above. 

(ligh·t) Gray, 5Y6/l, calcilutite.. The lower 

contact marked by a color darkening. 

(darker} Gray, SYS/1, lutite. lower 

contact a burrowed, color contact. 



DEPTH, CM 

1101-1119 

1119-1138 

1138-1150 

1150-1158 

1158-1165 

1165-1177 

1177-1183 

1183-1196 

BIO 19 

DESCRIPTION 

Light brownish:-gray, 2.5Y6/2, lutite. The 

layer is mottled. The lower contact is a 

distinct color contact. 

Light gray, 10YR7/l, calcilutite. The lower 

contact is marked by a sudden color darkening. 

(dark) Gray, 5Y5/l, lutite. The lower 

contact is a burrow-mottled color contact. 

(light) Gray, 5Y6/l, calcilutite. The lower 

contact is marked by a gradational color 

darkening. 

Gray, 5Y5.5/l, lutite. 

(light) Gray, 5Y6/l, calcilutite. The 

Foraminifera content increases downward between 

1173 em and 1177 em from less than 10 % by 

volume to approx. 70 % at the lower textural 

contact. 

(light) Gray lutitic foraminiferal sand. 

Foraminifera constitute approximately 80 % 

of the sediment. The lower and upper contacts 

are textural contacts. 

(dark) Gray, 5Y5/l, lutite. The lower contact 

is marked by a sharp (unburrowed) color 

darkening. 



DEPTH, CM 

1196-1209 

1209-1213 

1213-1231 

1231-1270 

1270-1279 

1279-1290 

(bottom) 

BIO 19-66-27 

DESCRIPTION 

Dark Gray, 5Y4.5/l, lutite.. The lower 

contact is marked again by a distinctly sharp 

and unmottled color contact. 

(dark) Gray, 2.5Y5/l, lutite. The lower 

contact is a mottled, color contact. 

Light gray, 10YR6/l, lutite. The lower 

contact is marked by a faint color contrast. 

Gray, SYS/1, lutite. The lower contact is 

burrowed. 

Very light brown calcilutite. The lower 

contact is distinguished by a faint color 

contrast. 

White calcilutite. 

* * * 



DEPTH, CM 

Top-58 

(bottom) 

BIO 19 6-50 

DESCRIPTION 

Yellowish-brown, lOYRS/4, calc~lutite. 

The core became mobile when subjected to 

the ship's vibrations, destroying any 
structures present. 

* * 
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APPENDIX 2 

SIEVE SEPARATION DATA 



8. SIEVE ANALYSIS 

Note: The number of aste s llowing sample depths 
indicate the number of avel-·siz pebbles 
removed from the +62 micron ion while 
weighing. 

Core: BIO 19-66-12 Core: BIO 19-66-12 

sample depth, +62 micron sample depth, +62 micron 
centimeters percentage centimeters percentage 

0 17 280 9 
10 20 282 58 
20 20 286 83 
30 31 290 38 
40 20 300 10 
so 24 310 36 
60*** 26 320 32 
70** 58 330 21 
80 35 340 22 
90 26 350 46 

100 42 360 25 
110 21 370 21 
120 36 380 26 
130 29 390 19 
140*** 19 400 26 
150 28 410 17 
160*** 25 420 36 
170 29 430 32 
180 19 440 22 
190 39 450 28 
2 00 21 460 22 
210 25 470 17 
220 24 480 18 
230 19 490 32 
240 25 495 55 
250 24 500 15 
260 20 510 19 
270 11 



Core: B 

sample depth, 
centimeters 

10 
20 
30 
40 
so 

Core: BIO 

sample depth, 
centimeters 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
203 
210 
220 
226 
230 
240 
250 
260 
270 
280 
290 
300 

19..-66-15 

+62 cron 
percentage 

18 
24 
38 
25 

19-66-17 

+62 micron 
percentage 

18 
17 

22 
44 
22 
24 
34 
27 
25 
23 
22 
28 
24 
17 
24 
31 
31 

9 
24 
21 
63 
43 

16 
18 
24 
42 
24 
28 
17 
11 
11 

BIO 19-66-15 

sample th, 
cent ters 

60 
70 
80 
90 

Core: BIO 

sample depth, 
centimeters 

310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
522 
526 
530 
540 
550 
560 
570 
580 
590 
600 
610 

+62 cron 
percentage 

29 
26 
17 

1 

19-66-17 

+62 micron 
percentage 

13 
19 
24 
28 
28 
37 
20 
24 
44 
34 
25 
20 
22 
23 
43 
40 
17 
18 
17 
18 
27 
70 
90 
94 
29 
26 
26 
30 
19 
16 
17 
20 
21 



Core: BIO 19 6 17 Core: BIO 19-66-17 

sample depth, +62 sample depth, +62 micron 
centimeters cent ers percentage 

620 23 820 31 
630 21 830 26 
640 12 840 31 
650 11 850 15 
660 12 860 17 
670 14 870 22 
680 15 880 18 
690 18 890 22 
700 17 900 17 
710 24 910 18 
720 23 920 24 
730 25 930 29 
740 23 940 17 
7 50 29 950 21 
755 65 960 40 
760 74 970 42 
770 17 980 24 
780 15 990 20 
790 16 1000 17 
800 14 1010 27 
810 21 

Core: BIO 19-66-18 Core: BIO 19-66-18 

sample depth, +62 micron s amp 1 e depth , +62 micron 
centimeters percentage centimeters rcentage 

10 23 150 21 
20 26 160* 19 
30 41 170 23 
40 38 180** 25 
so 20 190 34 
60** 27 200 28 
70 9 210 31 
73 84 2 20 32 
80 34 230 37 
90 32 240* 28 

100 22 250 17 
110 33 260 16 
120 32 270* 24 
130 29 280 23 
140 32 290 12 
146 29 300 48 



Core: BIO 19-66.--18 Core; BIO 19-66-18 

sample depth, +62 micron sample depth, +62 micron 
centimeters percent~ge centimeters percentage 

310 17 610 16 
3 20 25 620 42 
330 46 630 34 
340 30 640 17 
347 49 650 20 
350 16 660 20 
360 14 670 18 
370 21 680 27 
380 19 690 31 
390 11 700 25 
400 14 710 19 
410 41 720 13 
4 20 21 730 15 
430 32 740 25 
440 23 750 21 
450 23 760 22 
460 32 770 20 
4 70 28 780 26 
480 36 790 22 
490 19 800 18 
500 34 810 22 
510 33 820 28 
520 23 830 21 
530 28 840 19 
540 20 8 50 25 
550 29 860 14 
560 30 870 23 
570 30 880 19 
580 19 890 30 
590 23 900 1 
600 22 



Core: BIO 19-66-20 Core: BIO 19-66-20 

sample depth, +62 micron sample depth, +62 micron 
centimeters percentage centimeters percentage 

10 14 450 18 
20 18 460 14 
30 29 4 70 21 
40 23 480 19 
so 20 490 26 
60 22 500 30 
70 12 510 21 
80 34 520 15 
90 24 530 19 

100 22 540 20 
110 89 550 19 
120 14 560 15 
130 31 570 17 
140 26 580 8 
150 19 590 21 
160 20 600 19 
170 25 610 31 
180 35 620 28 
190 25 630 23 
200 21 640 62 
210 41 645 57 
220 22 650 29 
230 31 660 16 
240 23 670 29 
250 21 680 26 
260 13 690 24 
2 70 15 700 21 
280 20 710 16 
290 29 720 12 
300 22 730 24 
310 17 740 16 
320 4 745 17 
326 15 750 25 
329 39 760 18 
330 29 770 14 
340 10 780 25 
350 33 783 29 
360 39 790 38 
370 31 800 23 
380 30 810 31 
390 22 820 17 
400 22 830 41 
410 25 835 52 
420* 14 840 32 
430 29 850 21 
440 3 860 26 



Core: BIO 19-66-20 Core. BIO 19-66-20 

sample depth, +62 ron sample depth, +62 cron 
centimeters percentage centimeters percentage 

870 24 990 22 
880 20 1000 4 
890 19 1010 19 
900 11 1020 23 
910 10 1030 15 
920* 15 1040 14 
930 22 1050 18 
940 16 1055 37 
950 10 1060 18 
960 7 1070 24 
970 7 1080 21 
980 17 

Core: BIO 19-66-26 Core: BIO 19-66-26 

sample depth, +62 micron sample depth, +62 micron 
centimeters percentage centimeters percentage 

0 190 16 
10 200 13 
20 210 17 
30 18 220 26 
40 5 230 36 
50 17 240 12 
60 14 2 50 8 
70 17 260 8 
80 16 270 11 
90 15 280 12 

100 11 290 13 
110 9 300 14 
120 7 310 10 
130 12 320 11 
140 12 330 11 
150 11 340 5 
160 12 350 7 
170 11 360 6 
180 11 370 6 



Core: BIO 19-66-27 Core: BIO 19-66-27 

sample depth, +62 micron sample depth, +62 micron 
centimeters percentage cent ers percentage 

10 17 460 23 
20 16 470 24 
30 25 480 30 
40 35 490 25 
50 26 500 28 
60 27 510 22 
70 31 520 21 
80 27 530 24 
90 28 540 42 

100 22 550 34 
110 21 560 29 
120** 34 570 25 
130 27 580 24 
140 28 590 20 
150 29 600 32 
160 24 610 27 
170 24 620 30 
180 21 630 38 
190 30 640 40 
200 24 650 63 
210 25 660 35 
220 24 670 24 
230 20 680 36 
240 23 690 29 
250 36 700 24 
260 32 710 21 
2 70 16 720 19 
280 37 730 22 
290** 21 740 27 
300 22 7 50 24 
310 20 760 25 
320 18 770 23 
330 16 780 27 
340 17 790 26 
350 28 800 17 
360 15 810 26 
370 21 820 38 
380 21 830 17 
390 18 835 20 
400 9 840 26 
410 22 850 19 
420 29 860 26 
430 29 870 23 
440 3 880. 16 
450 23 890 14 



Core: BIO 19-66-27 Core: BIO 19-66-27 

sample depth, +62 micron sample depth, +62 micron 
centimeters percentage centimeters percentage 

900 20 1100 26 
910 32 1110 30 
920 35 1120 31 
930 33 1130 27 
940 33 1140 25 
950 23 1150 21 
960 22 1160 22 
970 39 1170 26 
980 40 1180 51 
990 28 1190 17 

1000 39 1200 20 
1010 47 1210 16 
1020 39 1220 24 
1030 26 1230 15 
1040 30 1240 26 
1050 32 1250 19 
1060 15 1260 14 
1070 28 1270 19 
1080 14 1280 19 
1090 19 

Core: BIO 19-66-50 Core: BIO 19-66-50 

sample depth, +62 micron sample depth, +62 micron 
centimeters percentage centimeters percentage 

20 15 90 10 
30 22 100 13 
40 18 110 15 
50 33 120 20 
60 42 130 17 
70 36 140 45 
73 47 150 38 
80 15 160 10 



APPENDIX 3 

FORTRAN PROGRAM FOR CALCULATION OF CARBONATE PERCENTAGE 



**GEORGES DRAPEAlJ CA BONATE CONTEN 
C TAIL DATA CARD MUST SAMP F 00 
C PAN = PA~ WE GH 
C SUL = QUANTITY OF H2S04 lJS D TO DIS LVE THE ::,A LE 
C RtiJ = SAMPLE WE I GHT PLUS PA WE I GHT 
C SULN = NOR~ALITY OF H2S04 
C SOD = QUANTITY OF NAOH 
C SODN = NORMALITY NAOH 
C SUFR = QUANTITY OF SOLUTE USED FOR TITRATION 
C CARR = CAC03 PER CENT CONTENT 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

1 

20 

49 

?1 

lrif' 

? 

~ 

C02 = C02 PER CENT CONTENT 
IC = 1 SUL = 50.0 
IC = 2 SUL = 75.0 
IC = 3 SUL =100.0 
IC = 4 SUL =125.0 
IC = 5 SUL =150.0 
IC = 6 SUL =175.0 
IC = 7 SUL =200.0 
IC = 8 SIJL =22C:S.O 
IC = 9 SUL =250.0 
AND SO ON RY INCREMENT OF ?5.0 
SENSE SWITCH 1 ON FOR .SlJFR = SlJL 
PUNCH A DUMMY VALUE FOR SUFR IF NO REAL VALUES A.RE lJSED 
1-< E AD 1 , PAN , S lJ L N , S 0 D N , S U F R , CAR E 0 , C 0 2 E Q 
FORMAT(6Fln.4) 
PUNCH 20 
FORMAT<32H CARBONATE CONTENT OF SEDIMENTS) 
PUNCH 49 
PUNCH 49 
FORMAT(49X) 
PUNCH 21 
FORMAT(44H SAMPLE NUMBER CAC03 PlRCENT C02 PERCENT 1 

PUNCH 49 
RFAD ?t~AMPtRW,~ODtT( 

FORMAT(,Fln.4t3Xti2) 
IF <SAi\1P)30,30t3 
OUA=IC 
SUL = 25.0+25.0*QUA 
W=RW-PAN 
IF(SENSE SWITCH 1)5,]5 

5 SUFR =SUL 
1 5 C A R R = 1 0 li • * ( S t J L I S l J F R ) * ( { ~I I L * ~ lt L N ) - ( S 0 rJ * S 0 f) N ) ) * C A R F 0 1',..1 

C 0 2 = l 0 () • * ( S ll L I S U F R ) ~- ( ( S U L * S U L N ) - ( S 0 f)* S 0 D N ) l * C 0 2 E 0 I \'-J 

P lJ N C H 2 2 , SA t,1 P , C A. R R ' C 0 2 
?2 FORMAT(?X,Fln.4,5X FlO ?.,sx,FlO.?) 

GO TO 100 
30 STOP 

END 



APPENDIX 4 

PERCENTAGE CARBONATE IN -62 MICRON 

FRACTION 



CARRONl\TF 1\NALYC:f<:, 

CORE BIO 19.66.12 

SA.MPLE NUMBER Cl\C03 (02 

PERCENTAGE PERCFNTAGE 

12.0000 8?. 61 '36.35 
12.0010 82.89 36.47 
12.0020 77.44 34.07 
12.0030 68.36 30.08 
12.004() 55.3'3 24.34 
12.0050 48o46 ?1.3? 
l?of'V')t)f') -,q.44 l7.3S 
1?.0070 47.46 ?0.88 
12.0080 46.00 20.24 
12.0090 49.40 21.73 
12.0100 2'3.09 10.16 
12.0110 14.99 6.59 
12.0120 29.05 12.78 
12.0130 39o87 17.54 
12.()140 '39.?6 17.?7 
12.0150 '38.84 1 7. 09 
12.0160 34.10 1s.uu 
12.017'l 44.43 19.55 
12.0180 41.74 1A.36 
12.0198 47o30 20.81 
12.020() 56 ol9 ?4.72 
1?.02lrJ 55.54 24.4~ 

12.0220 ";0.67 13.49 
12.023rJ ?7.17 11 • 9 s 
12.0240 59.91 ?6.,6 
12.0250 74.05 3?.58 
12.0260 84.67 37.25 
12.027() 78.46 34.52 
12.028() 7'3.14 '32.18 
1?.0290 75.05 '33.02 
12.0'300 74.01 '3?.56 
12.031() 87.24 '38.38 
12.0320 86.47 '38.05 
12.0330 84.24 37.U6 
12.0340 77.61 34.14 
12.0350 74.72 32.87 
12.0360 85.52 '37.63 
12.0370 85.35 '37.55 
12.0380 86.08 37.87 
12.0390 87.32 '38.42 
12.0400 80.68 35.50 
12.041() 34.68 15.26 
l?.n't-20 47.0'3 ?0.69 
12.0430 46.09 20.27 
12.044:1 '3n.58 13.45 
1?.0450 17.97 7.9U 
12.046() 37.22 16.'37 



CARRONATE ANALYSES 

CORE RIO 19.66.12 

.SAMPLE NUfV1BER CAC01 
PERCENTAGE 

12.0470 
12.0480 
12.049() 
12.0500 
1?.0510 

42.68 
46.74 
72.54 
85.31 
87.30 

C02 
PERCENTAGE 

18.78 
20.56 
31.92 
37.53 
1A.41 



CARBONATE ANALY~ES 

CORE RIO ]9.66.15 

SAMPLE NUMBER CAC03 
PERCENTAGE 

15.()(1].f) 
15.0030 
15.004n 
15.0050 
15.0060 
15.0070 
15.0080 
15.0090 

86.20 
77.98 
46.12 
46.56 
46.74 
53.99 
36.93 
66.59 

C02 
PERCENTAGe 

"37.93 
34.31 
20.29 
20.48 
2().56 
23.75 
16.25 
29.30 



CARRON~TF ANALYSFS 

SAMPLE NU~BER 

17.0000 
17.0010 
17.0030 
17.0040 
17 0050 
17.0060 
17.0070 
17.0080 
17.0090 
17.0100 
17.0110 
17.0120 
17.01 0 
1 7. () llt () 
17.01')() 
17.016() 
17.1''17() 
17.0180 
17.019() 
17. 00 
17. 03 
17.0210 
17.n?2n 
17.02 
17.023() 
17.0240 
17.0250 
17.0260 
17.027fi 
17.0280 
17.0290 
17.0300 
17.0310 
17.032() 
17.033() 
17.0340 
17.n35n 
17.0360 
17.0370 
17.0380 
17.0390 
17.040() 
17.041() 
17.042() 
17.04 () 
17.0440 
17.0450 

CA.C03 
PERCENTA:E 

86.76 
85.94 
76.88 
67.80 
lt9. 36 
50.33 
'3] .65 
4n.13 
47.80 
l+6e89 
49.02 
28.51 
3~;. 68 
2?eA6 
16.69 
'39.76 
44.96 
44.42 
40.48 
34.0? 
29.28 
r;n.aa 
e;?."38 
l+ R • 09 
38.'34 
32.8Q 
71.36 
39.60 
45.13 
27.21 
'34.71 
'+ 1 • 42 
58.02 
65.54 
6~.13 

85.93 
87.3() 
86. 31-t 

70.46 
84.24 
90.12 
87.39 
87 • A 
86.93 
83.0'3 
81.05 
78.39 

02 
PFRCFNTAGE 

18.17 
37.81 
33.82 
29.83 
? J • 71 
22.14 
1'3.92 
17.6? 
? 1. 0~ 
20.63 
21.57 
1 2 • 5hr 

15.70 
111.0A 
7.34 

17.49 
10.7R 
19.54 
17.81 
14.98 
12.88 
22.38 
;:>-.,.04 
? 1 • 16 
16.87 
14.47 
31.39 
1 7 ·'-+2 
19.86 
1 J • 9 7 
15.?7 
1A.2? 
25.53 
?R.R3 
27.78 
37.81 
'1R.41 
37.99 
31.00 
37.06 
39.65 
'8. '+ 5 
3 A • 1.,0 
38.25 
36.5'3 
35.66 
'34.49 



CARBONATE ANALYc;F.c; 

CORE RIO 19.66.17 

SAMPLE NU·'v1BER CAC03 C02 
PERCENTAGE PERCENTAGE 

17.0460 84.33 37.10 
17.0470 86.72 38.15 
17.0480 88.10 38.76 
17.0490 87.54 38.52 
17.0500 88.8] 39.07 
17.0510 82.86 36.46 
17.0520 69.84 30.7'3 
17.0530 3?.10 14.12 
17.()540 4?.17 1R.55 
17.055() 56.64 24.92 
17.0560 55.23 24.30 
17.0570 50.36 2?.15 
17.0580 51.43 22.62 
17.0590 44.48 19.57 
17.0600 37.78 16.62 
17.061(') 3f1 ell"'! 13.24 
17.0620 17.49 7.69 
1 7. 06 30 28.34 12.47 
17.0640 38.04 16.74 
17.0650 55.25 24.31 
17.0660 54.40 23.93 
17.0670 42.68 18.78 
17.0680 5?.6'1 ?3.16 
17.069() 46.6? 2n.51 
17.0700 69.89 30.75 
17.0710 74.62 32.83 
17.0720 75.34 33.15 
17.0730 66.65 29.32 
17.0740 65.72 28.91 
17.0750 56.49 24.85 
17.0755 5?.77 23.2] 
17.0760 65.77 28.94 
17.0770 58.82 ?5.88 
17.0780 60.44 26.59 
17.079() 76.55 33.68 
17.0800 86.14 37.90 
17.0810 87.25 38.39 
17.0820 8?.44 '36.27 
1 7. 0'8 30 87.81 38.64 
17.0840 85.36 '37.56 
17.0850 83.72 36.84 
17.0860 78.71 34.63 
17.0870 60.16 24.06 
17.0880 49.07 19.62 
17.0890 63.64 25.45 
17.0900 62.71 25.08 
17.0910 54.48 ? 1. 79 



CAR~ONATE ANALYSES 

CORE RIO 19.66.17 

SA~PLE NUMBER CAC03 
PERCENTAGE 

17.0920 
17.0930 
17.0940 
17.0950 
17.0960 
17.0970 
17.098() 
17.0990 
17.1000 
17.1010 

76.22 
83.19 
86.74 
8?.44 
5?.59 
58.50 
53.05 
41.96 
43.76 
43.09 

(02 
PERCE"NTAGE 

30.48 
33.27 
34.69 
32.97 
21.03 
23.4U 
21.?2 
16.78 
17.50 
17.23 



C RONATE 1'\N c, 

CORE BIO l9e6 .18 

SAMPLE NUMBER 

18.0010 
18.0020 
18.0030 
18.0040 
18.005() 
18.0060 
18.0070 
18.0080 
18.0090 
18.0100 
18.0110 
18.0120 
18.0130 
18.0140 
18.0146 
18.0150 
18.0160 
18.0170 
18.0180 
18.01YO 
18.0200 
18.0210 
18.022'1 
18.023'1 
18.024!) 
18.02SO 
1B.0260 
U:3.0270 

B.02t>O 
18 0290 
18.0300 
18.0310 
18.0320 
18.0330 
18.0340 
18.0347 
18.0350 
18.0360 
18.0370 
18.03BO 
18.0390 
18.0400 
18.041() 
18.0420 
18.0430 
18.0440 
18.045tl 

81.43 
79.67 
73.16 
54.09 
49.49 
4').37 
44.20 
'+ /.? 7 
41.79 
50.55 
27.61 
28.97 
18.83 
29.91 
38.57 
41.89 
39.50 
40.99 
38.28 
39.63 
7?.08 
1.+6. 44 
4Ge11 
4t).87 
71 • 41~ 
50.61 
73.31 
69.83 
67.34 
7?..19 
70.98 
7?.69 
73.16 
72.19 
77 30 

1.20 
73 39 
7':J,.44 
70.95 
63.91 
66.91 
68.28 
44.73 
50.70 
46 3 
46. !+ 

46.17 

C02 
PERCEN AGE 

'15.82 
35.05 
32. 9 
23.80 
21.77 

9.96 
19.44 
JRo60 
]9.27 
22.24 
12.15 
12.74 
8.28 

13.16 
16.97 
18.43 
17.38 
18.03 
16.84 
17.44 
31.71 
20.43 
? 1 • 61 
?n.JB 
3 .43 
22.27 
32.25 
30.72 
29.63 
32.20 
31.23 
'31.98 
32.19 
31.76 
31.81 
31.32 
32.29 
32.?1 
11.22 
28.12 
29 • L+4 
30.U4 
19.6 
22 3U 
20 1 
20.3U 
20 31 



CARRON T /<,N YC... 

E 0 18 

LE NUN11:3E c 03 ') 
~-

PE EN GE E T 

s.n46n 90 ?.2.83 
18 0470 46 1 ?0 60 
18.048() 47 68 20.98 
18.0490 50ell ??.04 
18.0?00 48.73 21.44 
18.0510 52.92 23.28 
18.0520 86.07 37.87 
18.0530 8~.59 "-36 78 
18.05'+0 81.?7 35.76 
18.0550 75.97 '33.42 
18.0560 73.58 '"12.37 
18.()57() 68.00 29.92 
ltl.0?80 79.90 35.1S 
18.0590 81.62 35.91 
18.0600 86.23 37.94 
18.0630 83.B8 36.90 
18.06'+0 84.08 36.99 
18.065() 86e4R 38.05 
18.0660 86.17 37.91 
18.0670 87.64 3R.56 
18.0680 86.23 37.94 
18.0690 90.22 39.6'-J 
18.0700 87.86 18.66 
18.rl71n 87.55 ~R. '? 
18.0720 87.Y4 38 69 
18.0730 87.96 38.70 
18.0740 86.29 37.9 
18.0750 85.70 37.71 

8 0760 86 23 37 94 
18 077n B5 4n 37.';;7 
18.07 r 86.07 37.87 
18 079n 8l+e89 37.35 
18.0800 8?.04 ~6.09 

18.081() an 71 3!:J.51 
18.0R?n h 1 • 0 ?A R f) 

18.11830 3?.8 14.'+7 
18.0840 33 86 14.~0 

18.0850 26.06 11 46 
18.()860 85.82 37. 6 
18.0870 84.36 37.11 
18.0880 86.26 7.qr.:, 
18.0890 80.61.;. 35 8 
18.0900 88.70 39 03 



CARBONATE N ES 

CORE BIO 9 66.?0 

SA""PL NUMBER CI\C 
PERCENTAGE PERCFNTAGf 

20.0010 84.94 33.97 
20.0020 80 42 32 16 
20.0030 68.86 27.54 
20.0040 57.17 2?.87 
20.0050 48.31 19.3? 
20.0()6() 'JC?.3Q ,.?.lt? 
20.007() 46.3.9 18.55 
20.0080 ~3.37 17.35 
20.0090 47.97 19 18 
2v.Ol00 50.49 20.19 
20.0110 26e6R 10.67 
20.0120 11.93 5.25 
?0.013() 30.12 12. OL+ 

20.0140 '3Q.3S 15.74 
20.0150 39.65 15.86 
20.0160 40.17 16.07 
20.0170 40.22 16.08 
20.0180 45.00 lR.OO 
20.0190 48.36 19.34 
20.0?0() 37.95 15.18 
?0.0?1'1 55.11 ??.04 
?0.0?20 f)'+.?? 2le6R 
20.0230 45.86 18.34 
20.0240 lt6. 1 7 1R.47 
20. 250 30.94 12.37 
20 0260 34.7A 13.91 
20.0270 57.50 23.00 
20.0;?8() 6'3e47 ?5.38 
20.0290 7Q.6? 31.8 5 
20.0300 86.60 31~. 64 
20.0310 86.61 34.64 
20.0320 74.33 29.73 
20.0326 70 lQ 28.07 
20.0329 67.56 27 02 
20.0330 76 17 30.47 
20.034() 6l;.. 11 ~ 5 Ill 6lt 

20.0350 83.78 33.51 
20.0'160 84e6P ~~.87 

20.037() 84.36 3'1.74 
20.0380 84.73 33.Aq 
20.0390 83e2l 33.28 
20.0400 80.71 32.?8 
20.0410 70 38 28.15 
20.0420 85.07 '34 03 
20.0430 83.44 33.37 
20.044() 88.4R ':l.5 39 
20.0450 88 72 35.4 



c RRON T /\ N SF~ 

COR H 0 9 66 20 

SA'v1PLE NUMBER CACO C02 
PERCENTAGE PER ENTAGE 

20.0460 87.6'1 35 05 
20.0470 76.06 30.42 
20.0480 38.5n 15. 0 
20.0490 30.80 12.3? 
20.050() 5l+ol? 21.64 
20.0510 45.71 18.?9 
20.0520 35.85 14.34 
20.0530 20.45 8.18 
20.0540 17.72 7.09 
20.0550 24.89 9.9::> 
20.0560 42.44 ]6.97 
20.057n 35.48 ]4.19 
20.0580 45.95 ]8.38 
20.0590 6S.84 ?6.31 
?!i.0601l 77.7G ? 1 • ] 1 
2().0610 59.19 2">.67 
20.062n 55.34 22.13 
20.0630 43.U9 17.23 
20.0640 62.41 ?lt. 96 
20.0645 6?.91 25.16 
20.0650 60.65 24.26 
20.0660 45.46 18.18 
20.0670 7?.67 ? 9. lf6 
?O.Ilf18f') R4.47 ~~.7R 

20.0690 79 18 31.67 
20.0700 8?.11 32.84 
20.0710 8?.69 33 07 
20.0720 7?.95 ?9.18 
20.073'1 71.59 28.63 
20.0740 35.21 14.09 
20.0745 44.03 17.6 
20.0750 35.26 ]I+ 10 
20.0760 53.56 21.42 
20.0770 50.43 20. 7 
20.07811 69 77 ?7.91 
?0.0783 73.94 29 57 
20.0790 81.20 32. 8 
20.0800 77.23 ~0.89 

20.0810 45.75 18.3U 
20.0820 57 42 2? 97 
20.083() 48.36 19.34 
20.0835 5l.YO 20.16 
20.0840 49.91 19.96 
20.0850 3Q.39 15.75 
20.086() 40.91 16.36 
20.0870 56.34 ??.53 
20.088() 38.89 15.55 



RBON E s 

COR 810 66 20 

SAMPLE NU~·~ R c 02 
PERCENTAGE E EN 

20.0890 19.68 7.87 
20.0900 18 30 7.32 
20.0910 33.78 13.51 
20.0920 62.57 27.53 
20.0930 75.06 "30.02 
?0.0940 90.22 36.08 
20.0950 67.12 26.84 
20.0960 81.69 32.67 
20.0970 72.80 29.12 
20.0980 87.37 34.95 
20.0990 77.73 '"31.09 
20.100() 89.54 ~';.81 

20.1010 An.?? ~?.?9 

20.1020 87.57 35.03 
20.1030 83.85 '"33.54 
20.1040 89.57 35.82 
20.1050 16.09 6. '~ 3 
20.1055 12.69 5.07 
20.1060 10.78 4.31 
20.1070 64.12 ?5.65 
20.l08n 27.50 11.00 



CARBON TE 

COR RIO 9 66.26 

S .1\ tv1 P L f N lJ "-~ B E I~ C C0'3 

26.000() 
26.0010 
26.onzo 
26.0030 
?6.0040 
26.0050 
26.0060 
26.0070 
26.0080 
26.009() 
26.0100 
26.0lln 
;:>6.0l?!J 
26.0130 
26.0140 
26.0150 
26.0160 
26.0170 
26.0180 
26.019() 
?6.0?00 
26.0210 
26.1J?20 
26.0230 
26.0240 
26.0250 
26.0260 
26.0270 
?6.0?.80 
26.0290 
26.0300 
26 0310 
26.0320 
26.0330 
26 0340 

P CENTAGE 

88 59 
5 .67 
? t+. 5 n 
3'3.4'3 
'3?.99 
40.79 
56.45 
74.68 
57.84 
52.09 
sn.o9 
8?.1] 
71.77 
6?eS3 
8?.4'3 
82.64 
88.25 
89.84 
89.74 
88.54 
84.94 
85.97 
85.111 
85.43 
83.43 
76.68 
66.77 
64.52 
86.42 
86.(16 
85.63 
8'~-23 
85.27 
84.75 
85 33 

0 
P R NTAGE 

'3 .98 
74 9 
1n.18 
4.70 

1 4. 51 
17 91+ 
?t+.8'3 
32.85 
25.'+5 
22.92 
'35.24 
'36.1'3 
41 • ')A 

27.51 
?..6.?.7 
36.36 
38.83 
'39.53 
39.48 
'38.96 
?.,7.'37 
?..7.R2 
'17.66 
37.')9 
36.71 
3 • 7 '+ 
29.'38 
28. 9 
38.0?. 
17.86 
37.h7 
37.06 
37 5? 
37.29 
37.5 



ARBONATE f\NALYSES 

CORE RIO 19®66.27 

SAMPLE NUMBER CA.C03 0 
PERCENTAGE E NTAG[ 

27.001() 82.16 36.15 
27.0020 77.87 34.26 
27.0030 72.88 32.06 
?7.004(l 55.'30 24.31 
27.0050 5?.1') ?2.94 
27.0060 46.64 20.52 
?..7.0070 49.89 21.95 
27.0080 30.30 13.33 
27.0090 43.34 19 • ...:-7 
27.0100 46.47 20.44 
27.0110 49.03 21.57 
27.0120 32.63 1'+.35 
27.0130 26.13 ]1.49 
?7.014() 18.14 7.QA 
2 7. ~) 15 0 30.3] 11.33 
27.0160 39.65 17.44 
27.0170 46.06 ?0.26 
27.0180 39.58 17.41 
27.f'19f"' 41 •'+9 1R.?5 
27.0200 40.32 17.74 
27.0210 48.90 .? 1 • 51 
27.0220 ') 1. 4l+ ?2.6'3 
27.0230 36.85 16.21 
27.0240 38.96 17. 1 
27.0250 55.96 24.62 
27.0260 68.78 10.?6 
27.0270 55.04 24.22 
27.0280 53.62 21.59 
27.029':) 48.31 21.25 
27.0300 2?.08 9.71 
27.0310 34.24 15.06 
27.0320 5?.75 23.21 
27.0330 58.06 ?5.54 
27.0340 77.31 34.ul 
27.0350 8?.96 36.50 
27.0360 88.34 38.87 
27.0370 84.74 '2.7./'8 
27.0380 81.44 15.83 
27.0390 69.16 30.43 
27.0400 82.47 36.28 
27.0410 87.04 38.29 
27.0420 85.17 37.47 
27.0430 84.39 37.13 
27.044() 86.66 38.13 
27.0450 B6.36 17 99 
27.046:1 8?.94 36.49 
27.0470 81.41 35.82 



C A R R 0 r-.,t,t\ T F f\NAL YSE.C. 

CORE RIO 19.66.?7 

SA\1PLE NUMAER (/\(03 C02 
PERCENTAGE PFRCFNT AC1F 

27.0480 78.57 34.57 
27.0490 82.78 '16.42 
27.0500 84.34 '17.11 
27.0510 83.69 '36.82 
?7.n5?,... 84.13 ~7.0] 

27.0530 45.1~ 19.85 
27.0540 46.74 20.56 
27.0550 '34e73 15.28 
27.0560 13.32 5.86 
27.0570 22o33 9.8?. 
27.0580 32.66 14.37 
27.0590 41.64 18.32 
27.0600 44.73 19.68 
27.0610 7'3.22 32.21 
27.062() 61.76 27.17 
?7.06'3() 39.7? 17.48 
27.0640 4R.4~ ? 1 .11 
27.0650 54.12 ?3.81 
27.0660 60.04 ?6.41 
2 7. 06 7(1 43.94 19.33 
27.0680 80.54 35.43 
27.0690 79.5~ 34.99 
27.0700 8':\e27 36.64 
27.0710 80.50 ~ 5. '•2 
27.0720 78.20 34.41 
27.0730 39.97 17.59 
27.0740 46.67 20.53 
27.0750 46.14 20.30 
?7.0760 56.29 24.76 
27.077() 4Re14 ? 1 • ? 7 
27.0780 7rt.86 3 1 • 1 8 
27.079rt 77.84 ~4.?'S 

27.080;) 41.87 18.42 
27.0810 6rt.65 ?6.68 
27.0820 59.13 26.01 
27.0830 45.03 l9.el 
27.0835 24.23 10.66 
27.0840 56.87 25.02 
27.0850 6'3.2'3 27.82 
?7.rt860 ?C:S.6() 1 1. ?6 
27.0870 ]9.01 A.36 
27.0880 24.22 10.66 
27.0890 29.21 12.85 
27.0900 21.15 9.30 
27.0910 '35.88 1 5 79 
27.0920 44.25 19.47 
27.0930 29.28 12.88 



c R NA ::) 

COPE ro q h ?1 

s LE NUMBE 03 
ERCENTAGE PE 

27.0940 14. L) 6 26 
27.()91)() 31 ') 1 9 
27.09t)J 4'1.71 20 11 
27.097() '+6. 51 ?0.46 
27.0980 6 7. 7 , .. 29.80 
27.0990 69.10 ':30 4u 
27.100() 39.09 17.20 
27.101() 4'3e21 1 9 01 
27.1n?n 60.8? ?A.7A 
27.1030 r:; 1 • 64 ??.1? 
27.1040 83.17 36.59 
27.1050 75.73 33.32 
27.1060 8LJ.4() 37.57 
2·7.1070 8'1.00 36.5? 
27.1080 71.94 3]. 65 
27.lf"\9n '• 1 • ? 4 1R.14 
27.110() 14.67 15.?1) 
?.7.1110 l+4eR7 1 9 • 1L:;. 
27.1120 69.15 30.4? 
27.1130 Rn.22 1'5.29 
27.1]1+0 59.5() ?6.18 
27.1150 47.69 ?li.98 
27.1160 46.9] 20 64 
?7.1170 A.1.lt; ?A.90 
27.1180 56.03 ?4.65 
27.119() 43.79 19 26 
27.120() 40.17 17.67 
27.1210 25.80 11.35 
?7.122() 55. 3 2 47 
27.1?311 56 85 ?5 01 
?7 ?40 ?r"..]t; R 86 
27.1250 ?n.oo 8.80 
?1 1260 ?5.42 11 • 18 
27.1270 55.48 24.41 
21. 280 81 26 35 75 



CARBONATE AL SES 

CORE RIO 19.66.50 

SAMPLE NUfv18ER CAC03 
PERCENTAGE 

50.0030 
50.0120 
50.0160 

78.96 
7].6() 
78.19 

PERC 

34.74 

' 50 
"14.40 

AG 









YRS B.P. FRERICHS' 

X 103 TERMINOlOGY 

RECENT 

10 -

L ATE 

WISCONSIN 
STAOIAL 

20--

30 - - LATE 

WISCONSIN 
INTERSTAO. 

40-

50--

60-

70-

80-

90 -

IOO-

uo-

120-

130-

MIOOLE 

WISCONSIN 
STA DIAL 

EARLY 
WISCONSIN 

INTERS TAO. 

EARLY 
WISCONSIN 

STAOIAL 

SANG AMON 

FRERICHS 

0 10 20°/o 

ERICSON EMILIANI 
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FIGURE 6 COMPARISON OF LATE PLEISTOCENE CLIMATIC CURVES 

Frerichs (1968) abundance curve for Globigerina rubescena in Andaman Sea and Bay of Bengal 

Dansoaard et al (1969) o18 concentration• in ice core from Greenland ice cap 
van der Hammen tt al (1967) temperature curve from field data, pollen analyais, a radiocarbon dates 

Ericson et al ll964) climatic curve for tropical Atlantic from abundance of Globorotalia menardii 

Emiliani (1955) isotopic determinations of temperatures from Caribbean 

Stewart extrapolated zonation . isotopic dates indicated by arrows 


