
THL 	 D 	 11i1 CF 	 u1 

by 

Paul Lester Wright, B.Sc. (Edin.) 

Thesis presented for the degree of DOCTOR OF PHILOSOPHY 

of the University of Edinburgh In the Faculty of Science. 

1972 



ABSTRACT 

The Barents Sea is a wide and relatively deep 

shelf sea forming the submerged northern border of 

the Russian Platform and constituting the most western 

part of the 7urasian shelf. The sea is open to the 

Atlantic Ocean in the south west where warm Atlantic 

water Is predomIneIC. This water i,-,cs meets the cold, 

northern Barents Sea waters along a line of convergence 

known as the polar front. The water circulation is 

broadly cyclonic. 

The surface sediments oi' thc  

Sea are predominantly sancs snduT 35LJ: os the 

shallower banks and platforms, and muds and sandy muds 

In the deeper bftsins. The texture of the coarser-grained 

sedioients guggests the presence of 	r bottom cur- 

rents. The mineralogical composit: S 	the sepnted 

sand, silt and clay fractions show regional differences 

that can be related to variation in the nature of the 

source material. The terrigenous msjor and minor ele-

ment chemistry of the separated grain-si.;e fractions 

confirms and amplifies these mineralogical observations 

and a number of petrographically distinct provinces 

are recognised; the distribution of these provinces 

is different In the three size fractions. The petro-

graphic and t€:tural variation enables a discussion 

of the source and dispersal of the different components 

of the sediments. It is believed that the silts and 

fine/ 



fine sand in the deeper parts of the southern Barents 

Sea are bc fly derived from the surrounding areas 

of positive topographic relief •nd stron. current 

activity. The composition of the clay province in 

the south west is similar to the composition of the 

silt and sand and is considered to represent a locally 

derived rock-floor. It 1i suggestod that the distii- 

bution of the southern clay is ecottdfic.::. by 	oove- 

ment of Atlantic water whereas the, distribution of 

the northern clay fades is related to the presence 

of the cold northern water mass. 

The terrigexious chemistry of the oxic surface 

sediments is only slightly modified by the presence 

of biogenous and dispersed phases; a very minor amount 

of Fe, Mn, Zn, Cu and Ni is extractibbe with weak 

organic acids. As and P appear to be closely associ-

ated with the iresence of iron oxides. There is no 

detectible biogenous control on the incorporation of 

trace metals. The I/c ratios indicate that the organic 

matter is recently incorporated. 

The presence of sub-surface layers enriched in 

oxides of iron and mangonese can be relatec to primary 
dOSS 

depoJ. .00al events, a 	arise through secon- 

dary diagenetic procees occurring after burial. The 

D-Mn/D-Fe, P2OjD_Fe and As/P205  ratios show little 

variation o;ithii:. the sediments. There is no evidence 

to suggest the presence of reducing conditiohs. The 

I/c values suggest a non-uniform rate of sedimentation 

which! 



which is reflected in the complex textural stratifica-

tion and is attributed to periods of increased circu-

lation encourged by the greater penetration of Atlantic 

vater. This is accompanied by changes in the relative 

distribution of the southern and northern clays whereas 

the mineralogy of the coarser-grained sediments is 

unaffected. The overall sedimentation rate for the 

post-Pleistocene is believed to be over 30 cms/1000 

years in the deepest basins, nd less than 5 csis/1000 

years on the shallowest banks. 

The character of the Recent sediments of the 

Barents 3a is compared with the character of the 

sediments of other iodern shelf seas and the relevance 

of modern shelf studies is discussed. 
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INTRODUCTION 

Continental shelf seas are equal In extent to 

18 of the earth's total land area. The growing 

interest In these regions arises partially from their 

increasing importance as sources of food and raw 

materials, and partially because they promise to 

greatly increase our knowledge of the eerth's evolu- 

tion and history (Bullard, 1969; Emery, 1970). It 

is believed that a great proportion of the 	imen- 

tary rocks in the geological column were deposited 

on the fossil equivalents of the continental shelves 

(shepherd, 1963), and the thorough Investigation of 

the nature and ecology of unconsolidated shelf sedi- 

ments will undoubtedly en}.nce our understanding of 

these ancient deposits. 

Many of the earlier studies of unconsolidated 

continental shelf sediments were carried ca  by sedi-

mentologists using approaches similar to those adopted 

in studies of the fades distribution and palaeogeOg-

raphy of ancient stratIgrmhic units. Thus Van Andel 

"!d Postma (1954) defined a number of petrographic 

fades In the Gulf of Paris by mappifl regional vari- 

ations In grain size and mineralogy. The subsequent 

integration of this information with direct hydro- 

graphic observations enabled the elucidation of the 

ultimate source of the sedimentary materials and the 

delineation/ 



delineation of the transportation paths. This approach 

was derived from studies of ancient deposits and formed 

the traditional basis for much of the subsequent 

examination of Recent shelf sediments (Curray, 1960; 

Van .Andel, 1964; James and Stanley, 1965). 	ore recently 

it has become parent that such petrographic descrip-

tions, based only on textural feiu.rei and on quanti-

tative estimates of the overall mineral composition, 

are inadequate to describe much of the variation in 

the sediments of the larger shelves. This important 

limitation was anticipated by Van .Andel (in Van Andel 

and Poetma, oi.cit.)when he obseed that the sediments 

deposited furthest from their ultimate source appeared 

increasingly homogeneous. This homogeneity is not, 

however, apparent on a more detai1c. etrographic 

examination and recent research has emphasised the 

importance of a thorough mineralogical investigation 

of the individual size components of the sediment 

(Keller and Richards, 1967;  Naidu et al., 1971; Carver, 

1971). The increased discrimination available through 

such studies has enabled the recognition of the more 

subtle variations in sedirient composition. The low 

precision of most forms of mineralogical analysis Is 

a limitinL factor in the application oL this technique. 

Stone and Siegel (1969)  suggested that minor and major 

element studies, of these separated size fractions, 

might prove to be valuable aids in the study of shelf 

sedimen Ls. 

The/ 
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2h 	coci itry o .ecent heL 	Wnei.ts is a 

relatively neglected field of study and at the present 

day more is known about the sediments of the deep sea. 

Goldber (1954) has classified the chemical components 

of merine sediments into three important grous. The 

lithogenous phases are introduce 	to the sediment 

with terrigenous materials, whereas the biogenous 

phases are contributed by skeletal debris and organic 

matter; the inorganic precipitates and concretions are 

referred to as hydrogenous phases. A partial under-

standing of the nature id rnodc of formation of the 

non-lithogenous phases has been achieved, in recent 

years, by the examination of distinct environments in 

which these phases are relatively prominent. For this 

reason most modern, marine, geochemical studies have 

been confined to pelagic clays, organic-rich muds and 

the deposits of anoxic basins. The extent to which 

non-lithogenous piiäses modify the chemistry of normal 

shelf sediments has still to be thoroughly evaluated, 

but it 18 clear that geochemistry can make important 

contributions to convcntional seditology, 	ot 

authors agree that the chracte.. of ancient sediments 

has been determined partly by the nature of the primary 

depositional environment, and partly by secondary 

diagenetie processes occurring within the sediment 

(Strakhov, 1967); an appreciation of the relative 

importance of these two environments in Recent and 

sub-cent sediments is essential in the reconstruction 

of/ 



of ancient seuimentary e.1virorLments • It appears 

that geochemica], studies of shelf sediments may enable 

the recognition of certain chemical criteria that can 

be used to differentiate the nature of deposition and 

diagenesis (Ernst, 1970;  Berner,  1971). 

Russian investigations of the bathyiaetry, hydro-

graphy, biology, and sediment distribution of the 

Barents Sea continental shelf have provided an excel-

lent framework for a more detailed examination of the 

unconsolidated shelf sediments (Kienova, 1960; 

Zenkevitch, 1963). .he present investigatio, is 

principally concerned with the al1cat1on of new 

approaches to the study of these Recent sediments. 

It involves a petrographic description not only of 

the overall sediment but of lndiviuual size fractions. 

The lithogenous chemistry of the different size com-

ponents of the sediments Is examined in detail and 

one of the princi1 objectives of this research is 

to assess the significance of these methods 	an aid 

to conventional sedimentology. The nature and abun-

dance of the non-JJthogenous chemical component-  Is 

also examined and their relevance as environmentel 

indicators is discussed, A similar study of the sub-

surface sediments enables the discussion of diagenesis 

and an assessment of the post-Pleistocene history of 

the Barents Sea, 

It Is now gnerally appreciated that the study 

of Recant sediments has enabled seimentology to be 

placed/ 
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placed irL eco1oica1 per 	tive (ation, 1969). 

The unconsolidated sediments of the continental 

shelves provide an ideal testing ground for new 

approaches to sedimentØology. The most successful 

of these approaches can subsequently be applieu to 

the ancient deposits of the geological record. This 

reasoning reflects the considera 	evolution of 

shelf studies within the last decade and represents 

a subtle reversal of the approach originally adopted 

by Van Andel and Poetina (op.cit.). 
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FIGURE 2.1 

MAP OF THE ARCTIC SHC:TC THE LOCATION OF 

THE BARENTS SEA 
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THE BARENTS SEA; A DESCRIPTION OF THE ENVIRONMENT 

2.1 LOCATION 

The Barents Sea is a wide and relatively deep 

shelf sea (average depth 230 metres) lying between 

the northern Norwegian and U.S.S.R. mainlands, 

Spitsbergen and Novaya Zem].ya, between 700  and 80°N 

latitude and 25 and 60°E longitude. It forms the 

western part of the Eurasian shelf (Fig. 2.1). The 

Barents Sea is largely open to the Atlantic Ocean 

via the Norwegian and Greenland Seas in the west, 

while in the north and north east there is only a 

limited communication with the Arctic Basin and with 

the Kara Sea. The principal area of interest in 

this study lies in the south-western Barents Sea, 

south of latitude 760N and between 25 and 450E 

longitude. 

2,2 GEOLOGICAL AND TECTONIC SETTING 

Geologically the Barents Sea shelf is an exten-

sion of the Russian Platform with a Palaeozoic and 

Pre-Cambrian basement structurally dominated by 

Caledenian and Hercynian folding. It is evident from 

geophysical work (Emelyanov et al., 1971)  that sedi-

mentation on the Barents Sea shelf has been broadly 

controlled by the underlying structure. The influence 

of certain structurel axes has apparently continued 

throughout the Me,cezoic and Cainozoic and is reflected 



in the present physlOrspy of broad bas separated 

by elevated platforms. This structure has controlled 

the Barents Sea region since the Upper Palaeozoic and 

contrasts markedly with the oceanic structures dovc-

loped on its wetrn and northern boundaries. The 

latter features have not yet been fully investigated 

but appear to run parallel to the continental slope 

and to be associated with the widespread tectonism 

of the Upper Mesozoic. 

There has been more or lees continuous deposi-

tion of both marine and non-marine sedixats on the 

Barents Sea Platform since the Permian. The area 

was above sea-level during much of the Tertiary, and 

the Spitsbergen - Franz Joseph Land region was chara-

cterised by volcanic activity. Atlantic waters 

flooded the area in the early Pleistocene during a 

period of renewed tectonic activity (Kienova, 1960). 

The land masses bordering the sea in the south 

are dominated by the Pre-Cambrian Fennoscandian cry-

stalline shield which ic composed of metamorphic 
Acae2n 

rocks, principali 	"cl,Qw granite-gnelsses. In the 

North Cape region there is also a large area of ex-

posed Caledonian basement represented by folded and 

metamorphosed Palaeozoic rocks. In contrast, the 

broad Petchora Depression and some of the adjacent 

shoals in the south eastern part of the Barents Sea 

are covered with unconsolidated Pleistocene deposits. 

Novaya Zemlya represents the northern extension of 

the Urals and is composed of folded Palaeozoic 

sedimentary/ 





FIGURE 2.2 

B.ATHYMETRY AND 	CE NAMES IN THE SOUTH 

WESTERN BARENTS SEA 
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FIGURE 23 

BATHYMETRIC PROFILiS; EAST WEST 
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FIGURE 2.4 

BATHYMETRIC PROFILES; NORTH - WUTH 
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sedimentary rocks; the sl tes, shales, limestones and 

sandstones are much lower in metamorphic grade than 

the Palaeozoic sedimentary rocks of the south western 

coast. The islands in the northern part of the 

Barents Sea are composed of Palaeozoic to Tertiary 

sedimentary rocks interbedded with basaltic l&vas 

in the Upper Mesozoic and Lower Tertiary. Bear 

Island and the Bear Island - Spitsbergen Bank con-

sist of unmetamorphosed Palaeozoic and Triassic sedi-

mentary rocks (Nalivkin, 1960). 

2.3 BATHYMETRY 

The floor of the south western Barents Sea (Fig. 

2.2) comprises a series of broad troughs (the Western 

Trough and the Central Depression), 300 - 400 metres 

in depth, separated by rises (the Central Elevation 

and parts of the north east) and bordered in the north 

west and south by a series of shallower banks and 

platforms (the Bear Island - Spitsbergen Bank and the 

South East Platform). The bathymetric profiles (Figs. 

2.3 and 2.14.) emphasise that the variation in bottom 

relief is accompanied by only very small changes in 

slope. The Bear Island - Spitsbergen Bank is excep-

tional and slopes relatively steeply towards the 

Western Trough. The small scale geomorphological 

features originate from the Pleistocene glaciation 

and its associated changes in sea-level. The shallow 

banks and platforms are considered to present wave-

levelled surfaces (Kienova, op.cit.) whereas below 

200/ 



200 metres most of the gl.cial morphology has been 

preserved. Thus Dibnex' (1968)  describes glacial 

moraines along the borders of the Western Trough and 

Central Depression. Kienova (op.cit.) observes that 

the blanketing effect of unconsolidated sediments is 

responsible for the smooth surface of the deepest 

basins; elsewhere the uneven surface has been only 

partially levelled by deposition. 

2.4 ,IjATERNARY  HISTORY AND CLIMATIC EVOLUTION 

The cuaternary History of the Arctic .nd adja-

cent areas is extremely complex and not fully under-

stood (Herman, 1970; Clark, 1971). It seems likely 

that an ice sheet extended across the whole of the 

Barents Sea during periods of maximum glaciation 

and this has been termed the 'Scandinavian - Barents 

Sea - Svalbard' ice sheet (Olausson, 1971). The 

mass of Ice appers to have been grounded in the 

Barents Sea (Dibner, 1968; Mercer, 1970). The influ-

ence of Pleistocene sea-level changes was recognised 

by Nansen (1904) who noted the presence of a submer-

ged river system. This river system appears to be 

an extension of the Petchoraid Dvina Rivers and 

extends across the Murmansk Bank and the South East 

Platform. Kienova (op.cit.) suggests the presence 

of two wave-levelled surfaces at approximately 200 

and 70 metres, With the major withdrawal of the ice 

sheets (approximately 11,000B.P.; Kukal, 1971), con-

tinental run-off was restored to a northerly 

direction 
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direction (Feniskova, 1970) and it appears that the 

maximum post-glacial sea-level was established in 

the Barents Sea region before 7,000 B.?. (Kienova, 

op.cit.; Zenkevitch, 1963). Since this time there 

appears to have been a number of minor sea-level 

changes. It is important to note that the Barents 

Sea occupies a location which is peculiarly sensi-

tive to climatic changes (Lamb, 1965). At this 

latitude minor changes in surface temperature can 

have a profound effect on ice-cover, continental run-

off, biological activity, and the general circulation. 

The present climate of the Barents Sea is extre-

mely inhospitable and the area is one of the most 

stormy in the world. Through the sea pass relatively 

warm cyclone  from the North Atlantic and cold anti-

cyclones from the Arctic. The active wind system and 

the large area of open water provide conditions for 

a maximum development of storm waves on the southern 
1960 

coast of up to 3.7 metres. Sverdrup et al. (1969) 

have stressed the importance of the wind in creating 

the general cyclonic circulation (see below). The 

mean secu1 limit of polar ice in the months of 

April and August is included in Fig.. 2.5.  Zenkevitch 

(op.cit.) notes that the waters of the western part 

of the sea have Increased in temperature during the 

first three decades of this century while the Ice 

cover during winter months has decreased by 13%. The 

Petchora River flows directly Into tlie south eastern 

Barents Sea and a number of smaller rivers, including 

the/ 
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FIGURE 2.5 

SURFACE CIRCUlATION T'  THE BARENTS SEA 

,DATA FROM ZENKEVITCH(1963) AND GARCIA (1969) 
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FIGURE 2.6 

HYDROGRAPHIC SECTIONS; BEAR ISLAND - 

SPITZBERGEN PA 	- SOUTH WEST COAST 

Where Sigma - t = (density —1) x 1000. Data for 

September, 1967 (GARCLA, 1969) 
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FIGURE 2.7 

.rYDROGRAPHIC SECTIONS; EXTREME NORTHEAST 

CENT? 1, DEPRESS I ON 

(cf. rig. 2.6) 



UA 	 II 
Z

LU I 
\oj 

i I  

Ld 

I I \ / U) 

S313W 	 11  LLI 

U 	 S31]W 
0 



the £orthern Dvina, drain into the hite bea; however, 

Kienova (in Fairbrldge, 1966) notes that the very large 

area of the sea relative to the drainage area of the 

rivers means that the sea is virtually oceanic in 

character. 

2.5 CIRCULATION AND HYDROGRAPHY 

The math features of the surface circulation of 

the Barents Sea have been discussed by Zenkevitch 

(1963) and are shown in Fig. 2.5. The North Cape 

Current carrying Atlantic water flows into the sea 

from the west (Fig. 2.6) with a velocity of 4 - 5 

cms/second. The current branches into two subsidiary 

currents which follow the bottom relief closely as 

they move to the north and north ea.. The Atlantic 

water is characterised by temperatures between 40 - 

1200 and a salinity of about 35 	On its passage 

north and east these waters cool and mix with the 

local water giving a salinity of 32 - 33?ooand:tem_ 

peratures as low as - 1.9°C. The mixing of warm 

Atlantic water with cold northern water gives rise 

to an intensive vertical circulation in the region 

of the 'polar front' (Fig. 2.5).  The north eastern 

flow of warm Atlantic water And its subsequent mix-

ing with the colder northern water is illustrated by 

the data of Garcia (1969) and shown in Fig. 2.7. 

Small tongues of Atlantic water also enter the 

Barents Sea from the Arctic Basin at depths of 150 - 

200 metres through the deep straits between the 

northern islands. The cold surface waters from the 

Arctic/ 
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FIGURE 2.8 

AREAS IN THE SOUTHERN BARENTS SEA CHARACTERISED 

BY STRONG BOTTOM CURRENTS 
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Arctic Ocean and northern Kara Lea introduce polar 

ice. According to Milligan (1969)  the water mass 

penetrating into the northern Barents Sea between 

Franz Joseph Land and Novaya Zemlya is formed by 

the mixing of the continental run-off from the 

Siberian rivers with cold Arctic water. Some of 

this cold water, together with local Barents Sea 

water, leaves he Barents Sea just to the south of 

Bear Island (the Bear 1-land Current; Fig. 2.6). 

The circulation of the Barents Sea is extremely 

active and Sokolov (In Zenkevitch, 1963) iaS esti-

mated that the residence time for the water masses 

is approximately Lj. years. 

ihough there is no direct Information on the 

sub-surface circulation, a re-examination of the data 

available suggests the importance of the movement of 

bottom waters. It is apparent from faunal studies 

(Zenkevitch, op,cit.) that the penetration of Atlantic 

water is paralleled by the development of a boreal 

benthic fauna. This contrasts strongly with the areas 

of arctic fauna which develop in regions of cold 

bottom water. The temperature and salinity observa-

tions of Garcia (op.cit.) also Indicate that Atlantic 

waters are present throughout the water column in the 

south west, with the exception of the Bear Island - 

Spitsbergen Bank which is dominated by the westward 

movement of the cold Bear Island Current (Fig. 2.6). 

The reconstruction of Garcia's data from the north 

east Barents Sea (Fig. 2.7)  strongly supports Milligan's 

contention/ 
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the sinking of northern surface water. This water 

mass appears to penetrate a considerable distance 

into the southern Barents Sea. 

The shelf topography also influences the move-

ment of bottom waters (ic.lenova, 1960). ;ater move-

ment is undoubtedly concentrated on the shallower 

areas of the Barents Sea but it is probable that an 

active circulation freLuently persists throughout 

the water column. The limited Information available 

suggests a maximum movement of bottom water In the 

areas that are tentatively summarised in Fig. 2.8. 

Tidal currents are restricted to the near-shore 

environnent. Maximum tides of Li.  metres are noted at 

the North Cape Increasing to 7 metres towards the 

south eastern coast. Further to the north the range 

of tides diminishes to 1.5 metres at Spitsbergen and 

to 0.8 metres siound Novaya Zemlya* 

The intensity of the circulation has fluctuated 

considerably during the Holocene (Kienova, op.cit.). 

The circulation is strongly dependent on the degree 

of penetration of warm Atlantic water which is known 

to have varied considerably (..enkevitch, op.cit.). 

Climatic factors must also be taken into consideration 

as variation in the extent of ice cover will profoundly 

influence the intensity of the wind-driven circulation. 

The marked incidence of violent storms and the genera-

tion of internal waves may partially modify the perma-

nent features of the circulation. Although no data 

are/ 



are available for the 3arents iea, the importance of 

storm-generated internal waves has been emphasised 

in numerous studies of shelf seas (Curray, 1960; 

Moore and Curray, 1964; High, 1969; MeCave, 1971). 

2.6 HYDROCHEMISTRY 

As a consequence of the Intensive vertical mix-

ing of the water masses, the Barents Sea waters are 

well-aerated. In summer, the surface water is over-

saturated with oxygen. In winter the oxygen  satura-

tion is not usually less than 80% throughout the 

water column (Zenkevitch, 1963; Garcia, 1969). The 

cold Barents Sea water appears to be enriched in 

carbon dioxide. The degree of undereaturation of 

surfaco waters in 002  with respect to the atmosphere 

has been measured and relates strongly to the water 

temperature; by delineating the extent of warm 

Atlantic water, It clearly Illustrated the principal 

surface circulation (Fig. 5 in Kelley, 1970). 

The cold Arctic waters are slightly richer In 

nutrients than the Atlantic waters. In the region 

of mixing along the polar front there Is a sharp 

rise in the concentration of nutrients in the surface 

waters and a marked Increase in plankton productivi-

ty. A definite vertical stratification of nutrients 

exists in late summer and a uniform distribution is 

re-established in the autumn. Thus the abundance of 

nutrients in the surface waters varies considerably 

and/ 
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and by late summer there is a considerable surface 

depletion. However, the amount or phosphate and 

nitrate in the bottom waters remains more or less 

constant with concentrations varying between 40 - 

60 mg/m3  and 150 - 250 mg/m3  respectively; these 

nutrient concentrations are similar to those observed 

in other North European shelf seas. There is an 

increase In the concentration of the nutrient ele-

ments from south to north and values of 450 mg/m3  of 

nitrate are found in the northern bottom waters. 

There is little reduction of nitrate, and nitrite is 

less than 10 mg/mr. (Data from Krepa, in Zenkevitch, 

1963). 

2.7 BIOLOGY 

The flora and fauna of the Barents Sea have been 

extensively studied by Zenkevitch (1963) who showed 

that a delicate balance existed between warm water 

and cold water species. The bores], fauna Is caminant 

In the south western region where the Infiucice of 

Atlantic water Is conspicuous. Relict warm water 

faunas are also found in some eastern parts of the 

sea and illustrate that warmer conditions were pre-

valent throughout the southern region during the post-

glacial climatic optinum (Zenkevitch, op.cit.). The 

benthic biomass reaches its maximum development on 

the Bear Island - Spitsbergen Bank and along the 

south western coast but It is not conspicuously deve-

loped elsevhere In the southern Barents Sea. High 

primary/ 
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FIGURE 2. 

DISTRIBUTION OF TEXTURAL TYPES IN THE JURFACE SEDIMENTS 

OF m 	RENTS SEA 

Based on the optical estimation of sand-

silt-clay ratios (KLENOVA, 1960) 



Particles <001mm. in surface 
sediment. 	(Klenova, 1960) 

SAND < 5% 
SILTY SAND 5-100/0  
SAN DY SILT I0_300, 
MUD> 30% 



primary produc ti on occur in the reL  ion of the polar 

front. Values rise from 273 mgc/m2/day in regions 

of Atlantic water to over 130C mgC/m2/day along the 

polar front, (values for May, McGill in idrbridge, 

1966). There iE .n Important shelf fishery in the 

southern Barent.Sea with a predominnce of cod, 

haddock and plaice. 

2.8 PEPFICLL SEDIMENTS 

The Barents Sea shelf is mantled by a relatively 

thin veneer of post-Pleistocene sediments which are 

underlain by unconsolidated glacial deposits. The 

glacial lays can be readily distinguished by their 

poorly sorted and partially compacted nature, and by 

their negligible content of organic carbon and shell 

debris (Klenova, 1960; Dibner, 1968). The Recent 

(or post-Pleistocene) sediments are discussed below, 

Litholor. The urface sediments have been broadly 

classified into a number of textural types by Kienova 

(op.cit.) who recognised that coarse sands predomi-

nate on the banks and platforms whereas muddy sands 

and mad only become prominent below 300 metres in 

the deeper basins (Fig. 2.9). The colour of these 

deposits Is typically a light yellow-brown in the 

south although brown and dark brown sediments are 

found In the northern Barents Sea. The visual exami-

nation of sediment cores reveals that the sub-surface 

sediithts are frequently strongly stratified with 

respect/ 
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FIGURE 2.10 

DISTRIBUTION OF HEAVY MINERALS AND MICA IN THE FINE 

SM1) FRACTION OP BARENTS Sh, URFACE SEDflENTS 

(after KLENOVA, 1960) 

Bear Island Spitzbergen Bank not sampled 
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FIGURE  2.11 

1ivY MINERAL PROVINCES Th 1 SURFACE SEDIMENTS OF 

THE BA RENTS SEA 

(after KLENOVA, 1960) 



Heavy Mineral Provinces. 
(Klenova,1960) 

ACID IGNEOUS ROCKS 
BASIC IGNEOUS ROCKS 
METAMORPHIC ROCKS 
SEDIMENTARY ROCKS 

5.MIxED SEDIMENTARY AND IGNEOUS ROCKS 
6. IMPOVERISHED HEAVY MINERAL ASSEMBLAGE 



respect to texture and colour. 

Semi-quantitative mineralogiccl analysis has 

been restrict;" to a study of the heavy mineral 

fraction. Heavy minerals are concentrated in the 

areas of coarse and; the distribution of mica is 

exceptional as it appears to be rl tively enriched 

in the regions of muddy sand and mud (Fig. 2.10). 

A number of iiavy mineral provinces have been recog- 

nised (Fig. 2.11) 	assemblages of the south 

clearly reflect a mixed igneous and metamorphic 

parentage whereas further north the influence of 

sedimentary rocks becomes more noticeable. 

Chemistry. Gorshkova (in Kienova, 1960) gives the 

organ.L.c carbon content of the surface sediments as 

ranging between 0.15 - 3.12% with nitrogen between 

0.02 - 0.14210 and an average 0/N ratio of 7. The 

concentration of organic carbon is highest in fine-

grained sediments and reaches its maximum value in 

regions of high productivity. Total phosphorus 

shows a similar enrichment in such areas where values 

of 0.32% are recorded (clenova, op.cit.). The most 

conspicuous chemical process ocurring in the Barents 

Sea sediments appears to be associated with the forma-

tion of hydrogenous phases of iron and manganese. 

The extensive development of such phases is restricted 

to the northern. - rt of the sea where concretions of 

iron and manganese have been found (Kienova, op.cit.; 

Gori:kova, 1966; Belov et al., 1968). 

The nature of the sedimentation. The nature and 

di s tributi on/ 
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distribution of the sediments is closely related to 

the bathymetry  and the current pattern but shows no 

direct relaticrship to the proximity of the landmass 

or to the inflow of continental drainage. Klenova 

(op.clt.) considers that the absence of a large 

landmass in the north of the Bare.-A,-  Sea and the 

predominantly ice-free conditions in the south are 

responsible for the lack of ice-rafting as a mode of 

sediment tr':port. JLiiaB been shown by Mullen et 

. (1972) that the contribution from atmospheric 

dust is also negligible. It seems that ti.e redis-

tribution of Pleistocene bank deposits under the 

influence of an active circulation is an important 

sourct of recent detritus (Iclenova, op.cit.). Fur-

tiler material Is added by coastal erosion and through 

continental drainage. The textural stratification 

has been attributed to periodic changes in water cir-

culation and corse-graIned laminae have been correla-

ted acro the entire southern Barents Sea (Kienova, 

p.cit.). 

It Is difficult to determine the rate of depo-

sition as no C14  data are available. The thickness 

of the Recent sediment is greater than 3 metres in 

parts of the Western Trough and Central Depression 

(Dibner, 1968) which gives a sedimentation rate of 

over 30 cms/IC'CC 	ax's in such areas. The total 

thickness of the Recent sediment decreases away from 

the,-- c,  basins and it seems probable that elsewhere 

the sedimentation rate is considerably reduced. The 

shallower/ 



shallower banks and. platiornis appear to be ehcirae-

tensed by negligible sedimentatic.2 or even active 

erosion of the older deposits (Kienova, op.cit.). 

The average rate of deposition over much of the 

Barents Sea has been estimated by Kienova to be in 

the order of 3 10 enV1000  yeai. • This computation 

is based on the thickness of post-Pleistocene 

sediments. 

19 
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FIGURE 3.1 

SAMPLE LOCATION 

	

Large dots 	BI numbers 

	

3a11 dots 	Eli numbers 

(see also Fig. 1; Appendix F) 



kras. mis 
322200 

161-100 

7e- 028 
077 N .60 	CENTRAL DEPRESS 

OM 031 	
974 

(0310 .fo) d .62): /.73 

j 
21 	83 	

720
84 	

,. \6 	
.33 	

ciii7 -MURMANSK.-..., 	., 07 
- 	

P3° e85 
35 —: 	 - - 

NK •. r 860 IJ RrA - 
e' SOUTHEAST - 	

' 

	

066 	PLATFORM 
- 

- MUPMA'.., 
 

.62 
.43, - 



FIGURE 3.2 

LIFIED FLOVJ SET ILLUSTRATING LABLRATORY 
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MATERIALS AND METHODS 

3.1 SAMPLE COLLECTION AND STORAGE 

Sediment samples for this research were collected 

by gravity coring at 44 stations in the a.athern 

Barénts Sea (Fig. 3.1; EH numbers) on cruises of the 

p/v Ernest Holt during April and November 1968. The 

cores, recovered in 6 cm diameter plastic tubes, 

were immediately frozen and transported in this state 

to Edinburgh. The colour, general texture ar -. any 

distinctive ].ighological featuie were recorded. The 

cores were sectioned and sub-sampled while still 

frozen. Thirty six additional surface sediment samples 

were provèded by the British Museun, London (Fig. 3.1; 

BM numbers). This material was collected by gravity 

coring and dredging during cruises of H.M.S. Vidal 

(1955) and R/7 :nt bit (1962, 1969) and had been 

allowed to dry at room temperatures before 1ein: 

stored in plastic containers. 

The 80 stations provide a comprehensive coverage 

of the south western Barext Sea. The geographlcal 

overlap of the two sample collections minimises any 

incompatability that may arL. 	hrough .dfferent 

sampling techniques. 

3.2 SAMPLE PREPARATION 

The methods of sample preparation and analysis 

20 
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adoDted in ni s study 	out1inc1 in a 1a.T1,1i11"ied 

flow sheet (Fig. 3.2). A more detailed description 

of sample preparation and analysis is introduced into 

the text where this is anropriate and is presented 

in ct.il  in the iippendices at the back of the thesis. 

.11 surface samples (0 - 5 c.) and the 5 cm 

sections of selected cores were divided into two 

samples; one sub-sample was used in the separation 

of the different grain size classes (see below) while 

the other sub-sample remained untreated and was dried 

overnight at 1000C. This untrc ted material was sub-

sequently ground in an agate mortar and used in the 

analysis of those elements that might be lost through 

excessive washing or through treatment with dispers-

ing agents. The analysis of organic carbon and iodine 

was restricted to these samples. Some analyses of 

calcium carbonate and of major, minor, and extractible 

elements were aic carried out on the untreated sedi-

ment. The samples cover a wide range of textural 

types and the variation in grain size complicates the 

study of mineraloy :nd lithogenou. chemistry. The 

coxnuing effect of textural variation may be avoided 

by separating the different size components of the 

sediment. 

An Important objective of this research is to 

combine a thorouh mineralogical analysis with a 

study of the terrigenous aspects of sediment chemistry 

and 	ereby to establish a fuller etrographic defini- 

tion of sediment composition than Is normally possible. 

This/ 



ihis is greatly facilit ted by the prior separation 

of the comoonent size fractions. The increased dis-

crimination and the advantages that may become avail-

able through such a size separation can be summarised 

as follows: 

It may irove the ease end accuracy of semi-

quantitative J.neralogical analysi.. 

It will establish the partitioning of the chemi-

cal components within the different size fractions 

and nay allow an increased confidence in the inter-

pretation of sediment chemistry. 

The lithogenous chemistry should confirm and 

amplify the mineralogical studies and may enable the 

clearer definition of regional variations in petro-

graphy. This would considerably assist an examination 

of the different transport mechanisms and modes of 

dispersal that operate within the different grain 

size classes. 

The samples used in size separation were treated 

with a dilute solution of hydrogen peroxide (5) which 

mildly oxidises the sediment, breaks down the oranic 

component and aids the ini:ial disaggregatione 	fter 

washing with distilled water, the grain size classes 

were separated by repeated ie.-,ring and settli. The 

size range 8 - 63 microns ratn.er  than L,. - 63 microns, 

the recognised size range of the silts, was purposely 

used to avoid clay mineral contamination in the silt* 

Similarly the material finer than 2 microns represents 

uncontaminated/ 
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uncontaminated clay. The sand fraction was taken 

between 2 mm and 63 microns and all material coarser 

than 2 mm was classed as gravel. The silt and clay 

samples were subjected to a thorough mineralogical 

and chemical aljsis. Selected sub-sr 	re 

also separated without the use of H202. The extent 

of the reaction with hydrogen peroxide can be assessed 

by comparing the composition of this untreated sub-

sample with the composition of the treated sub-sample. 

An additional surface sample, and a sample from 

2 - 30 ems within :clectcd cores was used in the 

grain size analLJ..s (EH number; only). 

3P3 ANALYTICAL METHODS 

A full grain-size analysis of ..aterial finer 

than 2 mm was carried out on peroxide-treated samples 

using a combination of settling techniques; the grain 

size distribution of the material coarser t1- n 63 

microns was determined on a 'urnel' (Underwater Marine 

Equipment Limited) sedimentation tower whereas the 

size dist'ributii. Tdithin the silt and clay was studied 

by means of fallin,-,; 1rop anLlysis (Mourn, 1965). The 

mineralo: of the size fractions was examined optically 

and by X-ray diffraction)wi 	as 	I IonaI I:.foriva- 

tion on the mineralogy of tI;: ;lay fr:ation obtained 

through infra-red spectroscopy. The total-CO2  content 

of samples was (itermined by combustion in a 'leco' 

(Laboratory Equipment Corporation) induction iirnace; 

the carbonate-CO2  evolved by acid-treated asples was 

measure 

23 
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computed by difference. The chemical analysis of 

major and minor elements was performed using X-ray 

emission spectroscopy. The concentration of the minor 

elem•-nts (Mn, :L, Ba g  Cu, Ii, Pb, Fb, r, 	•, Ge, 

La, Th and 	a determined on u:I iluted powders 

supported on mylar film; some S and P was analysed in 

a similar way. The analysis of the major elements 

(Ca, Na, K. 're, Mg, :i, Si, Ti, P) was carried out 

on fused discs prepared with lanthanum oxide as a 

heavy absorber and with 1ithia tetraborate as c flux 

and dilutant. Selected samples were leached with a 

solution of hydroxylamine hydrochloride and acetic 

add uad extractible Fe, Mn, Zn, Cu, and Ni were 

subsequently examined by atomic aocr.tion spectro-

pho tome try. 

Analyses were carried out on both untreated stir-

face samples (or1-1 anic carbon, iodine, and selected 

chemical analyses ) and on the separated size frac-

tions (mineralogy, major and minor elements, extrac- 

tible metals). 	cIeei..ed cores were analysed throughout 

their length for organic carbon, OaCO3, P, S. a number 

of trace elements and extractible metals; both the 

untreated samples and the separated size frine 

were employed. - full analysis of the grain 

mineralogy,i :.jor element chemistry was confined 

to the 25 - 30 cm levol of the cores. 

iLe precision and accuracy of these different 

types of analysis vary considerably. The overall 

precision,' 



TABLE 3.1 

CONFIDENCE LIMITS OF ANALYSES 

Precision based on replicate analyses and expressed 

as the coefficient of variation (standard deviation x 

100/mean) 

ANALYSIS VARIABLE PRECISION 

a wt% Sand 12 
Texture 

wt% silt and clay 14 

Felspar/Quartz 16.5 a Mineralogy 
Chiorite/illite 13.0 

CaKFOT1SIA1 2.0 

b Mg? 5.0 
Major Elements 

C org CaCO 

9 8.0 

ZrSrRbIZnMn 2.0-5.0 

b YNIThBa 5.0-7.0 
Minor Elements 

Cu As Pb 7,0 -10.0 

Ce La 12.5 -13.O 

D-Fe 4.6 
Extractiblea D-Mn D-Cu 10.4 
Elements D-Ni 19. 

a Overall precision of the method 

bAnalytical precision only 



precision of the tecimiquc includes the total error 

S  involved in sampling, preparation and analyst, and 

was determined by the preparation and analysis of 

replicate sub-samples. In the analyses of major and 

minor elements, the instrumental preci.in  aiox.Le was 

determined. However, the close comparison of the com- 

position of peroxide-treated clay.:, with their untreated 

counterparts suggests error in sub-sampling and prepa- 

ration is insignificant. The confidence limits of 

the analyses are shown in Table 3.1 where the precision 

is expressed as the coefficient of variation. It is 

immeditely apparent that the i1sis of mineralogy 

and grain size is far lees precise than the analysis 

of the chemical components. The accuracy of the chemi-

cal determinations was established with reference to 

internationally accepted standards. The accuracy of 

the mineralogical and grain size determinations is 

undoubtedly considerably poorer and is difficult to 

evaluate in absolute terms as no internal stn.ndaPds 

were employed in the analyses. 

3.4 TERMINOLOGY 
A large part of this research has been concentra- 

ted on the 'surface sediments'; this refers to the top 

5 ems of the sediment column. It was considered that 

such a section would ensure that suffident material 

was available for n full textural, mineralogical and 

chemical analysis and a rove precise definition of 

surface sediment is frequently impossible due to the 

di s tvirbance/ 
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Much confusion surrounds the terminology of this upper-

most sediment. On many continental 2helves, exposed 

areas exist which are characterised by negligible 

sedimentation or even active erosion (imery, 19; 

uilcher, 1570; McKinney and Fr1ethn, 1970). Such 

deposits have often been termed 'relict' to distinguish 

them from recently deposited or 'modern' material 

(Curray, 1965; Emery, 1970). There is considerable 

limitation in the use of such terms. Much of theso-

called 'relict' material ns been completely transfor-

med due to intensive reworking and is now in equili-

brium with the present-day hydrography (Belderson et 

al., 1571). It appears that most sediments are 'relict' 

in the sense of being derived from a Pleistocene sub-

strate and that the majority of sediments can also be 

regarded as 'modern' in the sense of having undergone 

adjustment to tbp present hydrographic environment 

(swift et al., 1971). For the above reasons, ti. 

terms 'relict' and 'modern' are not employed in this 

thesis. It is considered that the surface sediment 

represents material that is in equilibrium with the 

present day envirnoinent. The validity of this Initial 

assumption will be re-examined later. 

The post-Pleistocene period commences with the 

major retreat of the ice sheets (about 11,000 

Kukal, 1971) and continues until the present day. 

Thi? term 18 considered synonymous vrith the terms 

'Holocene'/ 



'total sediment' refers to the untreated sediment 

sample which has not been separated into its compo-

nent si:e classes. The .,,,ord 'treated' ialies that 

the r1e has been exposed to a dilute solution of 

H 2 
0  2 

 dur1rx eQaration of the sic raCtiOfl8. It 

should also be noted here that the phrase 'sub-surface 

sediment' refers to any deposit occurring below the 

top 5 eLas o' the sedLent column, whereas the term 

'depth sample' is nf1ned to those selecti samples 

examined at the 25 - 30 cm lev1 of the core. 

27 
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LITHOLOGY AND TEXTURE OF THE SURFACE SEDIMENTS 

4.1 INTRODUCTION 

The sediments of the south west Barent6 6ea are 

predominantly muddy Bands and sandy muds and are 

generally a yellow brown colour throughout (10 YR /2 

on the Munsell colour chart). The sediment cores used 

in this study range from 25 - 80 ems. in length and 

are rarely homogenous in composition, consisting of 

alternations of fixiw.-grained and coarser-grained 

material. The coarse materla'. .osists of rounded 

quartz grains with subordinate felspar and mica; 

heavy minerals, rock fragments and carbonate shell 

debris (Section 4.6) are abundant in some samples. 

These coarser deposits occur as distinct laminae and 

not as random pebbles in a fine matrix (see Fig. 12.1). 

The surface samples (0 - 5 ems; Eli numbers only) 
were sieved to remove the material coarser 	2 mm. 

The material finer than 2 mm was subjected to a full 

grain size analysis using a combination of settling 

techniqu.eE. The cumulative curve, the grain size 

frequency distribution, the % by weight of sand, silt 

and clay, and a number of stiitical parameters were 

computed from the raw data using a cor.ter program 

which recombines the data from these different tech-

niques. The Wenoxth scale was adopted in the grain 

size classification. Textural types were defined on 

the/ 



FIGURE 4,1 

DISTRIBUTION OF Wt. % SILT (63 Lt. microns) IN THE 

SURFACE SEDIMENTT 	THE SOUTHERN BARENTS SEA 



S 

	

/ DISTRIBUTION OF SILT IN 

/ SURFACE SEDIMENT. 

/ffTh / • 
/ 	trn 

. . / 
.. 	/ 

ccl 
ç4130 r 

/ wt. % SILT 

/ 
/ LJ30-40  

.20 P! 2o-3o  
<20 

. 

0 	121 	242kms' 
75 	t0 



FIGURE 492 

DISTRIBUTION OF WT % CLAY (MATERIAL FINER THAN L. 

MICRONS) IN THE SURFACE SEDIMENTS OF THE SOUTHERN 

BARENTS SEA 





the basis or the sand, silt and clay content, uing 

the classification of Folk (1954). A more thorough 

discussion of the sample oreparation and analysis is 

presented in Appendix A and B; the statistical pro-

cessing is discussed in Appendix E. 

14.2 THE DISTRIBUTION OF GRAVEL, S.TT, SILT AND CLAY; 

TEXTURAL CLASSIFICATION 

Sand is widely distributed in the Barents Sea, 

ranging from 14. 90% by weight. Gravel is present 

in a number of the coarser sands but in only 14. samples 

does it contribute more than 5. of the total weight 

of the sediment. These coarse deposits are four.i, on 

ti.e edge of the Bear Island Bank and along the South 

West Coast. Sandy deposits predominate on the shallow 

1atforms (the Bear Island - Spitsberb(n ank and the 

South East Platform), in parts of the Nt1 Eut, and 

along the South West Coust. The distribution of silt 

is shown in Fig. 4.1 and ranges from 2.7 - 6010 bY 

weight, of the total sediment. Silt is most abundant 

in the areas immediately adjacent to the regions of 

coarse sand, notably on the Central Plateau and on 

the edges of the Central Depression and Western Trough. 

In the latter areas, the seuints are characterised 

by a maximum clay content (Fig. 14.2). 

The sediment grain size can be represented a a 

triangular diagram (Folk, 1954) whose apices represent 

the percentage of sand, silt and clay in the sample 

91 



FIGURE L.3 

SAND - 3ILT - CLAY RATIOS 0.. YRENTS SEA SEDIMENTS 

0,en circle - Sample at 25-30 ems 
Closed circle - Sample at 0-5 emS 

Classification after FOLK (194) 
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FIGURE 14..L. 

DISTRIBUTION OF TEXTURAL CLASSES IN THE SURFACE 

SEDIMENTS OF THE SOUTHERN BA RENTS SEA 

Classification from Fig. 4.3 
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FIGURE 4.5 

DISTRIBUTION OF MEAN GRAIN SIZE IN THE 5URFACE 

SEDIMENTS OF TEF VOUTHERN BARENTS SEA 
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FIGURE L..6 

INTERRELATION OF DEPTH, SORTING AND MEA1 &RAIrSIZE 

IN THE SURFACE SEDIMENTS OF THE SOUTHERN BARE]PS SEA 

RELATIONSHIP OF MEAN GRAIN-SIZE TO DEPTH 

RELATIONSHIP OF MEAN GRAIN-SIZE TO SORTING 

(STANDARD DEVIATION) 
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(Fig. 14.3). The silt/cl&j ratio is remarkably con-

stant and the Barents Sea surface sediments can be 

considered as mixtures of sand and silty clay; the 

sediments can be classified as sand, 	sand, 

sandy mud and mud. The distribution of tc textural 

classes derived from Fig. 4.3 is illustrated in Fig. 

14.4. Areas with greater than 50 wt. 	Band-grade mate- 

rial are outlined as the sand and muddy sand categories. 

These coarser deposits predominate on the Bear Island - 

Spitsbergen Bank, the South East Platform, in parts 

of the North East and along the South We Coast. 

Elsewhere the amount of silt and clay increases signi-

ficantly and the sediments are classified as sandy 

muds. Deposits of mud occur in the Western Trough 

and Central Depression and at some stations on the 

Central Plateau. 

The mean grain size ranges from 9.3 phi in the 

finest clay to 2.9 phi in a coarse sand. The distri-

bution o the mean grain size is shown in Fig. 4.5 

and is similar to the distribution of the textural 

classes, It emphasises that the coarse-grained depo- 

sits occur on the shallower 	and platforms 

whereas the deeper basins of the Western Trough and 

Central Depression are characterised by the presence 

of finer-grained deposits. This relationship of 

mean grain siz to depth Is expressed in Fig. 14.6b; 

the relationship is diffuse and it is evident that 

in curtain areas coarse deposits can occur at great 

depths./ 
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depths. The sediments of the South Vest Coast are 

consistently coarse-grained at depths of over 300 

metres. The stndard deviation (sorting) of the 

sediments varies from 2.0 - 4.7. In only the coarser-

grained deposits (mean grain size less than ( phi) 

does the degree of sorting show 	dependence on 

the mean grain size (Fig. 4.6a). The extremely poor 

sorting reflc...ts the polymodal nature of the grain 

size frequency ditri'uions (see below), and limits 

the use of conventional statistical parameters. 

1.4.3 GRAIN SIZE FREQUENCY DISTRIBUTIONS 

The frequency distributions of some selected 

Barent .ea sediments are shown in Figs. 4.7, 4.8 and 
1.4.9. The polymodal character of the sediments is 

immediately apparent. The position of the modes was 

determined from the frequency curve and the frequency 

of the modal cl:es is recorded in Fig. Li..IO. It 

can be seen that certain modal classes occur repeatedly 

in the sediments. There are L. readily recognisable 

modes In the sand reion (Fig. 4.10). Mode D (the 

finestsafld) is concentrated e1or the edge of the 

Western Trough and on the slopes of the Central 

Depression, suggesting that in these areas the depo-

sits are enriched in fine sand. The development of 

Modes A, B an (' i apparently independent of the 

total amount of sand and these modes are found in 

all erees of sandy deposits. Fig. 1.4.11 illustrates 

the/ 



FIGURE 14,7 

GRAIN-SIZE FREQtTh'i'CY DISTRIBUTIONS IN B'rTES ER 79, 

714 and 69 

The frequency plot Is scaled in the M16u  I - 100 0  

where the maximum frequency = 100 

SAMPLE MAXIMUM FRUiNCY 

ER 79 (0 - 50m) 29.9% - (25 - 30cm) 18.6% 

ER 714 ( 	- 5cm) 30.0% - (25 - 30cm) 30.9% 
EH 69 (0 - 5cm) 72.9% - (25 - 30 ci) 17.8% 
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EH 61 (o - 5cms) 

(25 - 30cms) 

EH 49 (0 - 5cins) 

(25 - 30 ems) 

'I 56 (0 Scms) 

(25 - 30::3) 

SAMPLE MAXIMUM FREQUENCY 

28.14$ 

13.3% 

15-9% 

12.2% 

44 ,-I_1 
I I S 

15.8% 

FIGURE 4.8 

GRAINSI. $REQUENCY TTTRIBUTIONs IN SATPL1 s EH 61, 

49 and 56 

The frequency plot is scaled in the range I - 100, 

where the maximum frequency = 100 
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FIGU2E .9 

GRAIN-SIZE FREQUENCY DISTRIJTION IN SAMPLE EH 81 

The frequency plot Is scaled In the rn j e '1 - 1009  

where maxIrnw. frequency = 100 

S.AMPL 	 MAXIMUM FREQUENCY 

EH 81 (0 - 5 ems) 
	

13.90Cl  

- (25 - 30 cnis) 	 12.6% 
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FIGURE L. 10 

THE FREQUENCY DISTRIBUTION OF GAIN-SIZi MOiAS 

Surface and sub-surface (25 - 30 cm) sanp1es. 

Modes derived from an examination o the grain-

size frequency curves. 
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FIGURE 4.11 

DEVELOPMENT OF SAND-MODES IN A TRAVERSE ACh(3 THE 

SOUTH EAST PLATFORM. (Surface sedime.t samples) 

The frequency plot is sealed in the range 1 - 100, 

where the maximum frequency = 100 

SAMPLE 	 MAXIMUM FREQUENCY 

Eli 69 	 72.9% 
Eli 85 	 14.9.9% 

EH 82 	 149.5% 
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FIGURE 4.12 

DEVELOPMENT OF SILT-")ES IN A TRAVERSE FROM THE SOIY]D. 

WEST CO 	- 'ETRN TROUGH 

(surface samples) 

The frequency plot 18 scaled in the range I - 100, 

where the maximum frequency = 100. 

SAMPLE MAXIMUM, 	RpENCY 

El! 49 15.9;: 

Eli 51 15.1% 

Eli 56 11.2% 

El! 614 39.2 



Mode I Mode 2 	Mode 3 

Grain size in phi. 
Development of silt modes in a traverse 

from the South West Coast to the Western Trough. 



FIGURE L.13 

REGIONAL DISTRIBUTION OF SILT FRACTiOI' MODES IN THE 

SURFACE SEDLT73 OF THE SOUTHERN 

BARENTS SEA 
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the sand modes found ix, a traverse aeros thL. outh 

East Platform. Eh.69 represents a coarse bank deposit 

which is dominated by Mode A whereas Mode B and C 

predominate on the edge of the bank (Eli 85).  Mode D 

becomes increasingly well-defined towards the entral 

Depression (EH 82); there is also a slight shift 

towards a finer modal grain size. 

There are three ciistinct modes within the silt 

(Fig. 4.10). The silt occasionally appears as a well-

sorted, unimodal deposit (Mode 2 only) but is more 

often characterised bd the presence of both coarse 

and fine silt (Mode I and Moe 3 respectively). Fig. 

4.12 shows the occurrence of silt modes in a traverse 

from the South West Coast to the Viestern Trough. The 

coarse, sandy deposits close to the south coast (Eli 64) 

are characterised by well-sorted unimodal silts (Mode 

2 only). coarse silt (Mode 1; El-I 49) is predominant 

in the sediments deposited on the perimeter of this 

area of coarse sands and unimodal silt. Fine kilt is 

increasingly abundant on the edge of the ei em 

Trough (Mode I and 3; Eli 51) but only becomes predomi-

nant in the sediments of is basin (Mode 3; EH 56). 
The regional distribution of the silt modes is illus-

trated in i'ig. 4.13 which shues the widespread occur-

rence of Mode 3 (with or without Mode 1) in the areas 

of the Western Trough, the Central Plateau and the 

Central Depresa.-on. Conversely, the coarse-grained 

deposits of the banks and platforms are characterised 

by/ 
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by uniiuooai-, wo11-sored iith (ode 2) aiad ::;e 

silt (Mode 1). The absence of certain combinations 

such as Mode I with Mode 2, or Mode 3 with Mode 29  

is considered below (section 4.5). 

Lt.L. FACTOR ANALYLIS OF GRAIN SIZR, DATA 

A multivariate statistical technique to describe 

the variation in the grain-size distribution has the 

advantage of being i: cLjective analysis making use 

of the entire grain size distribution and not requiring 

the definition of arbitrary statistical iaeasures. In 

this study, mode factor analysis was employed In 

order to reduce the number of recorded variables to 

a very ::uch smaller number of hypothetical variables 

(or factors) that could satisfactorily account for 

the observed variability in sediment texture. This 

method of factor analysis is derived in the first 

instance from Kiovan (1966) and is described in 

Appendix P. The measured variables were entered as 

the weight % of material at I phi intervals. It is 

apparent that 3 vrimax factors can account for 97.8% 

of the variability in surface teture. The elgenvalues, 

cumulative variance and varimax factor loadings for 

these 3 factors are shown In Table 4.1. By normalising 

the factor components, it is possible to express 

variation in e nent texture by means of a 3-compo-

nent diagram (Fig. 4.14). The sediments represent 

mIxtUPei of these three end members. Factor I ('mud') 

is, 
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TABLE L..1 

FACTOR ANALYSIS OF GRAIN 3IZE DATA 

67 samples (0.5 cms and 25 - 30 cma) 

Varimax factor score matrix: 

Wt% 
phi 

sediment at 
intervals Factor I Factor 2 Factor 3 

-1 - 0 0.001L 0.0023 0.0011 

0 - 1 0.0327 0.0193 0.1342 

1 2 0.0277 0.3682 1.5815 

2 - 3 i.0.3283 2.5470 2.314.88 

3 L. -0.3560 2.7966 -2.1047 

- 5 0.2176 0.5688 '-1.1820 

5 - 6 0.6586 0.1857 -0.7395 

6 - 7 0.8210 0.0749 -0.5682 

7 - 8 097667 0.0804 0.0038 

8 9 0.7159 0.0070 0.3356 

>9 3.5493 0.3925 0.2859 

Elgenvalues 55.21 8.18 1.60 

Cumulative variance 82.40 94.62 97.01 



FIGURE 

THE RELATIVE IMPORTANCE OF GRAIN-SIZE FACTOR 1, 

FACTOR 2 AND FACTOR 3 IN m: URFACE SEDIMENTS 

OF THE SOUTHERN BARENTS SEA 
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ia ic. Lordio:. 	1re oil or oioy onJ i 	L 

minent in sediments from the deeper basins. Factor 

3 ('sand') represents the coarsest material found on 

the shallower banks and along the South eat Coast, 

while Factor 2 ('muddy sand') is most significant in 

areas intermediate between these tc extremes. 

4.5 DISCUSSION 

Althou 	the so: L.ig of the sediments is consis- 

tently poor, the texture suggests that ice-rafting is 

not a significant mode of sediment transport in the 

Barents Sea. Coarser-grained material occurs as dis-

tinct deposits, or as well-defined laminae within the 

cores, und not as random pebbles in a fine matrix 

which is a typical feature of ice-ratted sediments 

(Marlowe, 1968; Angino and Andrews, 1968; Griggs and 

Kulm, 1969). ?olymodal sediments are known to be 

extensively deviloped on continental shelves. McKinney 

and Friedman (1970) point out that a polymodal grain 

size frequency curve may partially reflect the source 

of the sediment, o v:oil as the depositional environ-

ment, Curray (1960) has ohowr.. t:- t polymodal sediments 

can arise by simulataneous deposition of material from 

two sources, or by secondary introduction of fine-

grained material into a coarser-grained deposit (or 

vice versa) will. ::bsequent Intermixing by benthic 

fauna. It Is also pos.ible that some polymodal grain 

size 	ctrIbutIons arise through the sampling of two 

or/ 
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or more distinct layers of sediment thich h&. 	cen 

intimately intermixed either by an active infauna or 

during sample collection and preparation. Strakhov 

(1969) and Smalley (1969)  have shown that the deposits 

of glaciated regions are dominated by poorly sorted 

material, and the polymodal nature of deposits in 

areas of active reworking of glacial material Is 

noted by Slatt and Houin (1968) and by Stanley (1968). 

The existence of polymodal sediments is not, however, 

confined to glaciated regions and their presence has 

been recorded in the Gulf of Mexico (Curray, 1960), 

off Long Island (McKinney and. rieiima;, 1970), in the 

Gulf of California (Van Andel, 1964; v101f, 1970), off 

the west coast of North Africa (Tooms, 1971)9  and in 

the Irish Sea (Cronan, 1969). 

With the exception of Mode D, the three major 

sand modes occur in all areas of sandy sediments. 

The closely spaced nature of these sand modes, and 

their ubiquitous distribution in the sedimentb or 

the south western Barents Sea, makes it difficult to 

regard them as distinct 'sediment masses' (curray, 

1960). Ahereaa Curray attipta to define Individual 

modes as separate sediment masses, Vlsher (1969) 

believes thL. LL any sand can bt. broken down into dis-

tinct sub.-populations as the response to L, given 

hydrodynamic environment. Visher (op.clt.) suggests 

the origin of three distinct modes reflecting sub-

populations arising from suspension, saltation, and 

surface/ 



surface creep or roiling, it is relevant tLU in 

many studies of po].yinodal shelf sands, three well-

defined modes hive been recorded with modal sizes 

very similar to those observed in the Barents Sea 

(Slatt and Hoskin, 1968; McKinney and FriecTh.n, 1970). 

On 12e basis, Fig. 4.11 can be interpreted dynamically. 

It appears that the roiled population (Mode 	is 

only preUominrit in the coarsest bank deposits. The 

increased aandaxice o altated sand (Mode B) and sus-

pended sand (Mode C) in areas adjacent to the bank 

suggests diminishing curent ergies. The finest 

sand (Mode D) may represent material that is capable 

of 	 in suspension over considerable distances 

anly enriched in the deposits tiat fringe the 

Central Depression. A similar situation is observed 

in traverses away from the South West Coast, across 

the Bear Island - Spitsbergen Bank, and in the North 

East. The coarLe-grained polymodal deposits of these 

areas appear to reflect the presence of an active 

circulation, 

Silt is abuncI: t in recently-glaciated terrain 

as a product of glacial grindi.::: (Smalley and Vita-

Finzi, 1968; Kuonen, 1969). In the Barents Sea, u.ni-

modal silt occurs in the areas of coarse sand (Fig. 

4.12 and Fig. 4.13). These areas are also charsctr- 

ised by reducc 	.:Lcentrations of fine silt and a 

marked increase of coarse silt relative to fine silt 

(4 - 'T 2hi/6 - 8 phi; Fig. 4.15). It is suggested 

that/ 
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FIGURE 4.15 

THE DISTRIBUTIOr OF COARSE SILT (4 - 6 PHI)/FINE SILT 

(6 - PHI) IN THE SURFACE SEDIMENTS OF THE SOUTHERN 

BA RENTS SEA 
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that these well-borted uJ.al  uii 	teode 	repre- 

sent situations of maximum energy. The total silt 

content of the sediments of such areas is low and 

the are. appears essentially non-depositiona]. (with 

respect to silt). Coarse silt begins to be &.-posited 

(Mode 1) on the perimeter of these Jgh energy zones 

with decreasing energy the silt fraction becomes pre-

dominant and Line silt is deposited (Mode I and Mode 

3). The finest suspeecI silt (Mode 3) is found in 

the sediments of the Western Trough and Central 

Depression. It is suggted that this sequence of 

modal development (Mode 2 - Mode I - Mode 1 and Mode 

3 - Mode ) reflects the decreasing energy of the 

depositional environment. For this reason, an unstable 

combination such as Mode 3 with Mow 	is never found. 

Factor analysis has been applied in the elucida-

tion of grain size data by a number of authors (Kiovan, 

1966; McManus et a].., 1969; Kelley et a].., 1969;  White, 

1970; Ailsu et a].., 1971; Hawkins et a].., 1971;  Swift 

et a].., 1971; Tillman, 1971). Following the example 

of Kiovan (op. cit.) and McManus et a].., (op.clt.), 

it aes reasonable to suggest that the three factors 

identified here correspond to three broad ener, 

levels. Factor 1 9  prevalent in the regions of mud 

and sandy mud, is dominated by the gravitational 

settling of clay and fine silt and is predominant in 

the Western Trough and Central Depression. Factor 3 

represents a high energy regime which is found on the 

exposed,! 



exposed banks and platforms. Factor 2 is mo.t promi- 

nent in the areas intermediate between these two 

extremes where the relative enrichment of the finest 

sand and coarsest silt suggests that deposition of 

these materials is taking place. 

It can be concluded that there are three princi- 

pal areas in the southern Barents ,-',ea characterised 

by the presence of coarse sands with little admixture 

of fine material; the South West Coast, the South 

East Platform and the Bear Island Spitsbergen Bank. 

In addition, a fourth and less well-defined area 

exists in the north eastern part of the area studied • 

and forms the southern border of the Central Elevation. 

With the exception of the South West Coast, these areas 

outline the regions of positive re-1- 	nd there is a 

broad relation of mean grain size with depth. It 

appears that the banks and platforms are exposed to a 

strong current system which leaves these sediments 

depleted in finer-grained sediment and relatiuly 

enriched in coarse-grained materials. The coarse sands 

of the South West Coast suggest that active movement 

of bottom water is occurring at great depths (over 

300 metres). The North Cape Current is known to 

enter the Lents Sea in this region wih a surface 

velocity of L. - 5 ems/second (Zenkevitch, 1963). 

Unfortunately, no current velocity profiles are avail-

able, but it appears that the movement of Atlantic 

water along the southern coast is not a purely surface 

phenomenon.! 



phex onnon. 

Around the edges of these banks and platforms, 

there appears to be a decrease in current energy and 

deposition of coarse silt and fine sand with the 

ti±est-grained material being deposited in tl:e shel- 

tered-1  depositions], basins of the 	tern Trough and 

Lentral Depression. There are occasional jatches of 

sandy mud in predominc.tly sandy regions (iH 86 and 

ER 720) and, n inspcion of the depth of these 

stations, it can be seen that they occupy relatively 

deep pockets in platfor.. areas. 

4.6 CALCIUM CARBONATE AND ORGANIC CARBON IN THE SURFACE 

S03DIMENTS 

Fragmented shell debris can be s_-en in the sedi-

ments that are found along the western edge of the 

Barents Sea shelf where it borders the Greenland Sea 

and is most conpicuous in the coarse deposits found 

on the Bear Island Spitsbergen Bank and adjacent 

to the South West Coast. It does not appear to be 

significantly concentrated elsewhere. The concentra-

tion cf calcium carbonate was computed from the 

quantity of CO2  evolved by acid-treated sampler' Pnd 

is based on the assumption that all this CO2  is 

derived from CaCO3. The sediments of the Bear Island - 

Spitsbergen Bank and the South West Coast show an 

average calcium carbonate content of 23.8; elsewhere 

the average content of CaCO3  is 1.7,.  The fine-

grained sediments of the estern Trough and Central 

Depression/ 
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FIGURE L.16 

ORGANIC CARBON (WT % DRIED SAMPLE) IN THE SURFACE 

SEDIMENTS OF THE UTHERN BARENTS SEA 
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FIGURE 4917 

THE RELATIONSHIP OF ORGANIC CARBON (w'r % DRIED 

SAMPLE) AND CLAY (WT % LESS THAN 8 PHI) 114 THE 

SURFACE SEDIMENTS OF THE SOUTHERN BARENTS SEA 
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iepreseion contain the lowest amounts of CaC 	(less 

than 

The difference between the total-CO2  evolved on 

combustion, and the carbonate-CO2  evolved on acid 

treatment was used to compute the wt. 	of organic 

carbon in the dried samples. The content of organic 

carbon in the surface sediments varies froia lees than 

0.5% in the sediments of the Bear Island - Spitsbergen 

Bank and South viest Coast, to greater than 2.04p" In 

the Western Trough and Central Depression (21g. 4.1). 

The concentration of Oxic carbon shows a direct 

relationship to the amount of clay in the samples 

(Fig. 4.17)  which reflects the ease of incorporation 

of organic matter in areas of maximum fine-grained 

sedimentation (Van Andel and Poatin<, 	54; Loring gt 

al., 1970;  Hulsemann, 1971). Many of the sediments 

in the northcrri part of the area examined show slightly 

increased values of organic carbon relative to the 

clay content. These high values may reflect the 

greatly increased rate of accumulation of organic 

matter in the region of the polar front (Fig. 2.5; 

Zenkevitch, 1963). 
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CHAPTER 5 

MINERALOGY OF THE SURFACE 

SEDIMENTS 

5.1 INTRODUCTION: SAMPLE PREPARATION AND ANALYTICAL 

METHODS 

All surface samples (0-5 ems) were separated into 

L. grain size fractions as described in chapter 3 and 

Appendix A. Material coarser than 2 mm (gravel) was 

only occasionally encountered and consisted of rock 

fragments and biogenic carbonate debris. The examina-

tion of these rock fragments was included in the exa-

mination of the petrography of the sand fraction. 

The mineralogy of the sand fraction (63 microns - 2mm) 

was determined by a combination of optical and X-ray 

diffraction techniques. The mineralogy of the silt 

(8 - 63 microns) and clay (less than 2 microns) frac-

tions was examined by X-ray diffractometry. The silt 

mineralogy was confirmed by the optical examination 

of thin sections. The methods of semi-quantitative 

mineralogical analysis are discussed in Appendix Be 

5.2 THE SAND FRACTION 

1) Analysis of sand mineralogy 

Although the analysis of sand mineralogy does 

not allow for quantitative presentation, the qualita-

tive study of heavy minerals and rock fragments may 

be useful for provenance determinations and may enable 

the/ 
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FIGUP1 

HEAVY MINERAL DIFFRACTION PATTT•.S 

HY I Bear Island Spitzbergen Bank 

HM 2 Western Trough 

HM 3 North-East 

HM 4 South East Platform 

HM 5 South West Coast 
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'IGURE 5.2 

ASSEMBLLS OF HEAVY MINERALS AND ROCK PRACNmS IN 

THE SURFACE SEDIMENTS OF THE SOUTHERN BARENTS SEA 
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the broad definition of regional differences in sedi-

ment mineralogy. Optical examination of the sands 

reveals a predominance of quartz with only minor 

amounts of felspar and micaceous minerals. In areas 

of coarse sand there is a marked concentration of 

heavy minerals,and carbonate shell debris is common 
In the Bands of the Bear Island - Spitsbergen Bank 

and along the South West Coast. Some rock fragments 

are also found in the coarse sands. The character of 

these rock fragments was determined by optical examina-

tion; some rock fragments are larger than 2 mm but 

are included in this study. The heavy minerals were 

separated in bromoform (a.g. = 2.85) and were studied 

using the rapid method of analysis devised by Pryor 

and Hester (1969);  in this technique, the X-ray diffra-

ction patterns are superimposed on a light table to 

give a number of 'type patterns' which can be subse-

quently characterised by examination of representative 

thin sections. It was noted that the concentration 

of heavy minerals and rock fragments was considerably 

greater in the coarse bank deposits and along the 

South West Coast. This has been expressed semi-

quantitatively by Klenova (Fig. 2.10). 

2) Distribution of heavy minerals and rock fras 

Five distinct heavy mineral assemblages were 

recognised on the basis of their overall X-ray diffrac-

tion patterns (Fig. 5.1), and the distribution of these 

assemblages is shown in Fig. 5.2. The South West 

Coast is characterised by a metamorphic assemblage 

showing' 
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PLATE I 

HEAVY MIN9R4LS IN THE SAND FRACTION OF THE SOUTH WEST 

COAST (riM 5) 

HEAVY MINEiL AJSEMBLJ&i± 

X 2.5 

HORNBLENDE' "l GARNET AND HYPERSTHEITE 

x 1 

C • 	TOURMALINE W IT!! GARNET AND HORN BIE NDE 

x 1 
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PLATE 2 

HEAVY MINiRALS IN THE SAND FRACTION OF THE BEAR ISLAND 

3?ITZBERGEN BANK (HM 1) 

HEAVY iINERAL ASSEMBLAGE 

X 2.5 

GA &I 	WITH ZIRCON AND OPAQUE MINERALS 
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PlATE 3 

ROCK FRAGMENTS IN THE FINE GRAVEL FRACTIO1' OF THE 

SOUTH WEST COAST (BM 1) 

FRAGTNTS OF ACID GNEISS AND MICA SCHIST 

E.rLARGEMENT  OF GARNET-MICA SCHIST F;'T 

x20 
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PLATE 14! 

ROCK FRAGMENTS IN THE FINE GRAVEL FRACTION OF THE 

NORTHERN BARENTS SEA ON 114.) 





PLATE 5 

GRAIN MOUNTS OF THE SILT FRACTION 

COARSE SILT (EH 64) 

X 2.5 

COARSE IIT (EH 64) 

x 1 

FINE SILT (Eli 72) 

x 1 





showing an unusual concentration of hornblende with 

subordirtqte garnet and kyanite and occasional stauro-

lite and sillimanite (Plate 1). The heavy mineral 

assemblage characteristic of the Bear Island Bank 

(HM 1) is of distinct sedimentary origin with well-

rounded and frequently abraded minerals such as zircon 

and touriialine, and a notable abundance of heavy car-

bonate mineral aggregates and opaque grains (Plate 2). 

Assemblage HM 14, on the South East Platform, is simi-

lar to the assemblage found along the South West Coast 

(HM 5) but with considerably less amphibole and more 

garnet. The heavy minerals from the North East (HM 3) 

are characterised by a depletion of the high grade 

metamorphic influence and a great abundance of epidote 

and opaque grains. The sediments from the north east 

extension of the Western Trough (HM 2) appear to have 

a very low heavy mineral concentration and the assem-

blage Is similar to rni I (the Bear Island Bank assem-

blage) with some admixture of metamorphic material. 

Plates 3 and L. show some thin sections of rock 

fragments and Illustrate the moderately rounded nature 

of this material. It was possible to recognise areas 

characterised by different assemblages of rock frag-

ments (Fig. 5.2). The South West Coast Is characteri-

sed by the abundance of small gneissose pebbles with 

fragments of amphibolite and mica schist (Plate 3). 

The group on the South East Platform Is similar but 

is broadly indicative of a lower metamorphic grade 

with/ 
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with a predominance of semi-pelitic schistose mate-

rial. '::.:'imetamorphsed shale and calcareous siltstone 

fragments are predominant on the Bear Island Spits-

bergen Bank and throughout the north west. The North 

East has also predominantly sedimentary assemblage 

with an abundance o t'izc ;i1tstono fragments (Plate 
admitu re 

14.), bu shows some dltruo with low-grade metamorphic 

fragments. The extent of influence of these different 

assemblages is expressed in Fig. 5.2. 

The regional variation observed in the composi-

tion of the rock fragments and heavy minerals (Fig. 

5.2) agrees with the general pattern observed by 

Klenova (Fig. 2.11). spjeldnaes (1971) has recently 

reported the presence of large siltstone boulders on 

the Central Elevation. The distribution of both the 

rock fragments and heavy minerals appears to relate 

closely to the known distribution of the bed-rock 

(chapter 2). The influence of the high grade meta-

morphic rocks and gneisses of the Caledonian basement 

and the FenrioScandlan shield is conspicuous along the 

southern coast. This situation contrasts strongly 

with that observed on the Bear Island Bank where the 

assemblages appear to be determined by the nature of 

the local Mesozoic sedimentary rocks. 

5.3 THE SILT FRACTION 

1) Analysis of silt minerals 

Plate 5 shows otographs of two grain mounts 

taken from areas of coarse silt (plate 5a and 5b) and 
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fine silt (Plate 5c) and illustrates the typical mincr 

alogy which is dominated by the presence of quartz 

and felspar with only minor amounts of skeletal debris, 

opaque grains, mica and chlorite. The presence of 

greatly increased amounts of opaque grains and heavy 

minerals is apparent in certain areas (see Fig. 2.10). 

The preparation and semi-quantitative examination of 
were  

grain mounts of this size fractlor. 	found to be 

time consuming and unsatisfactory (q.v. Plate 5). 

Fig. 5.3 illustrates a typical X-ray diffraction pat-

tern of a silt fraction in the range 20 - 300 2. The 

area of the calcite (ioL.) peak at 3.03 2 was used to 
estimate the distribution of carbonate debris. All 

other parameters were considered as ratios of peak 

areas. The 3.19 2 reflection consists of a variety 

of felspar components including potash and plagioclase 

reflections; however the felepar reflections at 3.214. 2 
and 14.014. 2 can be more clearly attributed to specific 
felepar species. Jorgensen (1965) has suggested that 

the reflection at 3.24 2 has a strong contribution 

from microcline, whereas the 14.014. 2 peak Is dominated 
by plagioclase (201), (Peterson and Goldberg, 1962; 

Heath, 1968). The quartz (100) peak at 14.26 2 was 
used as indicative of the quartz content and the reflec-

tion at 3.54 2 is attributed to chlorite (0014.). In 
this study, the peak area of felspar (3.19 2) / quartz 

(14.214. 2) is used to determine the relative signifi-

cance of these two principal mineralogical components. 

The/ 
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FIGURE 5.3- .3 

DIFFRACTION DIFFRACTION PATT2N OF TYPICAL SILT (Eli 61; 0 - 5 ems) 
0 BETWEEN 20 - 30 2 9' 



20 303 A° 

LS PAR 319A° 
MICROCLINE 3249 

3•34,A) 

CHLORITE 3549 

(FELSPAR 3.77- 367 A) 

PLAGIOCLASE 4•04A° 

QTZ 426A°  

0-0 20 

DIFFRACTION PATTERN OF TYPICAL SILT (EH61) 



The influence of plagioclase can be estimated by con-

sider:Lr: the ratio of felspar (3.19 2) / felspar 
(4.04 .2) peak areas, and the development of microeline 

by using felspar (3.19 2) / felspar (3.24 2) peak 
areas. The peak area ratio of quartz (4.26 .2) / 
chlorite (3.54 2) is used to estimate the relative 
abunt . e of these two minerals. 

In order to determine the nature aidi relative 

abundance of amphibole, mica and chlorite, 2olected 

samples were diffracted between 5 - 200 29. The mica 

(001) and (002) reflections a 10 and 5 .2, the amphi- 
bole (110) peak at 8.4 	8.5 2, and the chlorite (001) 

and (002) reflections at 114. and .2 were used in this 
study. 

2) Distribution of silt minerals 

The distribution of calcite (Fig. 5.14.) corresponds 
to the amount of 08003  within the sediment (chapter 14.) 
and is determined by the presence of skeletal carbonate 

debris. It reaches its maximam concentration on the 

Bear Island - Spitsbergen Bank and along the South 

West Coast and in these regions the benthic biomass 

is known to reach its maximum development (Zenkevitch, 

1963), The distribution of the felspar (3.19 2) / 
quartz (14..21. .2) ratio is shown In Fig- 5.59 and the 
variation in the plagioclase content Is apparent from 

Fig. 5.6 (felspar (3.19 2) / felspar (14.014. 2) ). 
?Alcrocline (3.214. 2) Is not uniformly distributed in 
the silts; it is fOu;nci on the South East Platform, 

at/ 
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IGURE 5.14 

DISTRIBTION OF CALCITE IN THE SILT FRACTION OF THE  

SURFACE SEDIMENTS OF THE SOUTHERN BARENTS SEA 

Measured as the unweighted peak area of the 3.032 

reflection 
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FIGURE 5.5 

DISTRIBUTION OF FLiAR (3-19)/QUARTZ (4.2LR) 

UNWEIG}ITED PEAK AREA RATIOS IN THE SILT FRACTION 

OF THE SURFACE SEDIMENTS OF THE SOUTHERN BARENTS 

SEA 



/ 	DISTRIBUTION OF FELSPAR/QUARTZ 
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EIQURE. .5.6 

DISTRIBUTION OF FELSPAR (3.19)/PELsPAR (L.oLR) 
UNWIGHTiD PEAK !A RATIOS IN THE SILT Fi TIOi 

OF THE BARENTS SEA SURFACE DIMENTS 



DISTRIBUTION OF FELSPAR 3.19A/PLAGIOCLASE 4.04 A 

ratio of unweighted peak areas ......silt fraction 
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1IktJRE 5.7 

DISTRIBUTION OF QUARTZ (4.2Li,)/cHLORITE (3.54,R) 

UNIGHTED PEAK AREA RATIOS IN THE SILT FRACTION 

O' THE BARENTS SEA SURFACE SEDIMENTS 
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at some stations on the southern coast and occasiona]. 

on the Central Plateau. The areas of a high concentra-

tion of chlorite relative to quartz are illustrated 

by the quartz (4.24 2) / chlorite (3.54 2) ratios 

shown in Fig. 5.7. The regional variation in the 

nature and development of phibole, chlorite and mica 

are expressed in Table 5.1. 

Both mica and chlorite are relatively enriched 

in those areas of f_ne silt and clay sediments found 

in the Western Trough and the Central Depression (Fig. 

5.7 and Table 5.1 ef. rig* 4.2). Conversely, these 

minerals are considerably depleted In the areas of 

coarser silts on the Bear Island - Spitsbergen Bank, 

the South est Coast, and the South East Platform. 

The ease with which layered silicates are retained in 

suspension (Rodolfo, 1964) accounts for their low 

concentrations in the sediments of higher energy environ-

ments. Both Carver (1971) and Hesse et al. (1971) note 

the preferential removal of ias from shelf areas 

influenced by strong current activity; Doyle et al. 

(1968) and .Adegoke and Stanley (1971) have used the 

distribution of mica in continental shelf sediments 

as an energy level indicator. A similar situation 

appears to be operative in the Barents Sea and this 

18 suipported by the quantitative data of Kienova (Fig. 

2.10 of. Fig. 2.8). 

The chlorites of the South West Coast are charac-

terised by a strong (001) reflection at 14 .2 which may 

suggest/ 
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TABLE 5.1 

UNWEIGHTED PEAK AREA RATIOS OF SELECTED SILT FRACTION 

SAMPLES 

REGION 	STATION 102/8.42 
South West Eli 45 1.5 
Coast BM 19 2.0 

South East Eli 67 5.0 
Platform EH 68 1.8 

Central EN 61 2.2 
Plateau Eli 59 3.5 
Boar Island El'! 33 no amphib. 
Bank BM 9 no amphib. 

Western BM 16 no arnphib. 
Trough Eli 53 no amphib. 

Central EN 74 no amphib. 
Depression BM 30 no amphib. 

North Eli 79 no amphib. 
East BM 26 no amphib. 

102/5.2 72/102 72/1142 102/4.32 
5.2 0.5 0.8 1.3 
3.5 0.3 0.14. 1.2 

3.7 1.1 5.0 2.9 
2.0 0.9 3.7 1.7 

6.0 0.8 5.0 2.14. 
2.3 1.4 3.0 2.3 

5.3 1.6 5.8 1.7 
5.5 1.7 2.14. 1.8 
2.6 1.7 4.0 5-0 
1.8 2.6 5.0 14.6 

1.5 14.0 14.1 
14.3 1.3 3.0 3.6 
3.3 1.14. 3.0 3.0 
3.8 0.9 5.0 2.9 

Pure Muscovite : 102/52 = 1.6 

Biotite 	: no reflection at 52 

1o2 - Mica (001); 5 	Mica (002); 1142 - chiRrite (001); 72 - 
chlorite (002); 8.14. 	amphibole (110); 14..26X - Quartz (100) 



euggeet the presence of a distinctive well-crystalline 

variety (Brown, 1961). Elsewhere there is a consider-

able reduction in the intensity of the basal (001) 

reflection relative to the (002) peak. The southern 

coast and parts of the Central Plateau are also chara-

cterised by the abundance of amphibole (Table 5.1)9  

which ± conspicuously absent elsewhere. The charac-

terisation of specific micas is not possible om the 

data available although the varying development of 

the (002) reflection at 5 2 suggests this presence of 

both biotite and muscovite mica. In some samples on 

the South West Coast and the Central Plateau there is 

a strong development of (001) relative to (002) which 

may suggest the presence of a triocthedral mica (Brown, 

1961; Jor*ensen, 1965); a similar situation can be 

observed on the Bear Island Bank (Table 5.1). 

In the Barents Sea, the most exposed regions 

appear depleted in felspar relative to quartz (Fig. 

5.5). Thus the Bear Island - pitsbergen Bank and 

the South East Platform show low felspar/quartz ratios. 

A similar situation can be observed along the South 

West Coast. Felspar is concentrated in the sediments 

adjacent to these regions, particularly on the edge 

of the South East Platform, and is most abundant in 

the silts of the North East. In the latter area the 

felepathic silts have more plagioclase and are miner-

alogically distinct from the predominantly potassic 

felspars of the South East Platform (Fig. 5.6). 

Two/ 
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TABLE 5.2 

THE MINERALOGY OF COARSE AID FINE SILT 

FELSPAR(3. 191 
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1.41 

1.03 

1 - 58 
0.89 

1.38 
1.29 
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Two factors influence the variation in silt miner-

alogy; the energy of the depositional environment and 

the difference in source naterial. The first factor 

influences the quantitative distribution of certain 

minerals, notably mica and chlorite and to a certain 

extent felspar. The absence of mica in areas of strong 

current activity Is well-documented in the literature 

(see above). Telepar is known to be more readily frag-

mented than quartz and tends to be aoncentrated in a 

slightly finer size class (Tedrow; 1970). Although 

the silts found on the banks and platforms on a region-

al scale appear coarser grained than the silts found 

elsewhere (Fig. 14.15), It is possible to differentiate 

coarser and finer grained silts within these areas. 

The relative distribution of quartz (14.214 2), total 
felspar (3.19 2), plagioclase (14.904 2) and chlorite 

(3.54 2) within the coarse and fine silt is shown in 

Table 5.2, It Is clear that the concentration of 

chlorite is strongly influenced by the texture of the 

deposit. Felepar also tends to be concentrated rela-

tive to quartz in the finer sediment although the 

textural control cannot account for the relative 

abundance of felspar in the North East, nor for its 

relative depletion in the sediments of the Bear Island 

Bank. The nature of the felspar (felspar (3.19 2) / 

felspar (14.014 .2) ) Is independent of the texture. 

Such conclusions contribute considerable information 

about the nature 'of the depositional environment but 

11 !t it/ 
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FIQUR 5.8 

DIFFRACTION PATTERN OF TYPICAL CIA Y(1IL 86; 0 - 5 cnis) 

BETV'EN 3 - 150 2 





limit the application of quantitative etermination; 

of silt mineralogy to studies of source and dispersal. 

It can be concluded that the energy of the deposi-

tional environment is largely responsible for the rela-

tive concentration of quartz, heavy minerals, hock 

fragments and carbonate dcbris on the shallower banks 

and along the South West Cet, whereas mica, chlorite 

and to limited extent felspar are enriched away from 

such areas. However, both the total abundance and 

the ixd1v1dual nature of the felapars In the North 

East differ markedly from the situation observed else-

where, and the presence of a distinctive chlorite and 

abundant amphibole is a characteristic feature of the 

South We . Coast; It is considered that these features 

are i1eendent of the texture and are related to dis-

tinctive sources of material. 

5.4 THE CLAY FRACTION 

1) Anplysi,s of clap minerals 

The oriented clay mineral aggregates were mounted 

on mullite tiles and diffracted in an untreated condi-

tion, after glycolation, and finally after heating to 

5500C for one hour; the analytical procedure is dis-

cussed In Appendix B. Diffraction patterns of the 

untated, glycolated, and heated samples of atypical 

sediment are shown In Fig. 5.8. Quantitative data 

was obtained by measuring the integrated peak areas 

with a planimeter and using the weighting factors 

derived/ 
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DISTRIBUTION OF CHLORITE (7)/ILLITE (102) WEIGHTED 

PEAK AREA RATIOS IN THE CLAY FRACTION OF BARENTS SEA 

SURF : SEDIMENTS 
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derived by Biscaye (1964) in a study of pelagic ciay. 

The 7 2, 10 2 and 16.6 2 peak areas were determined 
on the g].ycolated sample and the % composition of the 

clay fraction expressed In terms of these three compo-

nents chlorite, I].11te, and montmorillonite resçec-

tively. The nature of the chloritic material (7 2) 

was examined further by measuring the ratio of hi. 2 

peak areas in both the glycolated and in the heated 

sample. The nature of the IllItic (10 .2) material 

was studied by recording the ratio of the peak area 

of the (001) to the (002) reflection, end by measuring 

the ratio of 10 .2 peak height to peak width (the 

'sharpness ratio' of Weaver, 1961). An index of crys- 

tallinity 	also been computed fol t1le expandable 

14 .2 	ter1al (the 'v/n' ratio of Biscaye, 1964). 

Both the chlorite (002) reflection and the 

kao].Inite (001) reflection contribute to the 7 2 clay 

mineral peak. However in the Barents Sea sediments, 

te absence of kaollnite is indicated by the lack of 

expansion when treated with potassium acetate and 

ammonium nitrate (:nrews et al., 1960)9  together with 
Some. 

the retention of uoh ..112 the 7 2 peak on heating to 

550°C (Heath, 1968). The 7 .2 pea, is thexe2ore solely 

indicative of the ähl(;ri.e content. 

2) Distribution of clay minerals 

The average composition of the Bareit a t.-a surface 

clay fraction Is 65.2% il].ite,  27.8  chlorite and 7.0% 

monLnorillonite. There is a considerable variation 

in/ 
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FIGURE 5.10 

DISTRIBUTION OT CHLORITE (14.)/0LQRITE (7k) UNWEIGHTED 

PEAK AREAS RATIOS IN THE CLAY FRACTION OF BARENTS SEA 

SURP.ACE SEDIMENTS 

A. After g].ycolation 

L. After heating at 5500C for one hour 



r 
MLS. 

OOT322 

LI 	' 

Chlorite (001)/Chlorite (002) 

peak areas in glycolated 

OV 
40 

3W 	 4W 

a- 	 4,I 	I 	i L' 1g 	I j I j 	. 

ftjjI ItIIUIIIit2' 

- 

S 	II 	0. 	- ii 	5 - - 

••SeS.S.fl.. .. •SSSfl......, U.S.............. 
.. SasS 	 ..... 

p...... 
p..... 

• 
2 2: 

.......................•....... 
S... 

:.. .......................... 

.: 

I 	

55 

: 	• 	. 



in the proportion of the two major components. 

Chlorite: Chlorite (range 15 - 47%) is generally 

enriched in the northern regions of the area studied 

(Fig. 5.9). 

The ratio of (001) / (002) chlorite peak a:eas 

was determined on the g1yclated sample (Fig. 5.10a). 

In addition to septechlorltee and iron-rich ch.lorites, 

it has long been recognised that poorly-crystalline, 

degraded chlorites have a weak (001) reflection (Brown, 

1961; ::eath, 1968). Van der Marel (1964) refers to 

these commonly occurring sedimentary chlorites as 

'soil chlorites' and Doff (1970)  describes poorly-

crystalline chloritic material derived from a glaci-

ated metamorphic terrain as having a low 14 2 / 7 2 
ratio. In the Barents Sea, the chlorite-rich areas 

of the North East appear to have 16w (001) / (002) 

ratios whereas the chlorites found along the south 

coast have a stonger (001) reflection. This suggests 

the presence of well-crystalline (and/or iron-poor 

chlorite) adjacent to the south coast and that the 

clays of the North East are either poorly-crystalline 

or iron-rich (Brown, p.cit.). The chlorites of the 

Western Trough, particularly in the south western 

parts of this basin, also appear to have a relatively 

stro 	(001) reflection. A further estimate of the 

crystallinity of chlorite can be obtained by he X-ray 

diffraction of samples that have been heated to 550°C 

for one hour (Kobayashi et al., 1964; Heath, 1968). 

The/ 

52 



FIGURE 5•i 

DISTRIBUTION OF ILLITE (10)/ILLIT1 (5) 

tJEIGHTED PEAK AREA RAT -1'00) IN THE CLAY 

FRACTION OF BARENTS SEA SURFACE SEDIMENTS 

DISTRIBUTION OF THE ILLITE 'SHARPNEE PATIO' 

IN THE CLAY FRACTION OF"BARENTS SEA SURFACE 

SEDIMENTS. 

'Sharpness ratio' = peak height at 1C,/Peak 

height at 10.5 
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The strong 14 2 (001) reflection of well-crystalline 

varietes persists while the intensity of the 7 2 

reflection is much reduced. This approach confirms 

the earlier conclusions that well-crystalline chlorite 

is confined to the regions near the North Cape and to 

parts of the South East Platform (Pig. 5.10b). A 

region of well-crystalline chlorite also occurs along 

the Western Trough; elsewhere the chlorltic clays 

appear to be poorly-crystaLLie. 

I].lite: The 10 2 peak area is taken as indicative of 

the amount of illite (001) in the clay fraction. The 

term illite is used in a broad sense to include all 

clay micas. Illite is predominant along the southern 

coast and in the Western Trough (Fig. 5.9). 

'long the South West Coast, the (001) / (002) 

peak area ratio is frequently greater than 7 which 

suggests that the 10 2 material in this region Is 

dominantly 'trioctahedral' in character (Jorgensen, 

1965). Values less than 3 are encountered In the 

North East and suggest the presence of 'dioctahedral' 

illites (Pig. 5.11a). The clays characterised by a 

high (001) / (002) peak ratio extend as a prominent 

lobe onto the Central Plateau but do not figure pro- 

minently on the bank areas of 	south east. The 

micas of the Western Trough have values Intermediate 

between the strong (002) reflection seen in the North 

East and the dominantly (Ooi) material found on the 

South West Coast and the Central Plateau. 

The/ 
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The 10 2 reflection is generally broad, suggest-
ing much hydration of mica layers and giving low 

sharpness ratios (2.0 6.6). In close proximity to 

the south coast and on the South East Platform, the 

sharpness ratio Increases significantly and, suggests 

the presence of some well-crystalline mica (pig. 5.11b). 

The material of the Bear Island - bpitsbergen Bank 

region and parts of the adjacent Western Trou is 

evidently particularly poorly-crystalline, hydrated 

material, and in the sediments of the North East there 

Is similarly no significant admixture with the well-

crystalline illite. 

Montmorlllonite: A peak with a spacing of 14 2 in 
the untreated samples and of approxiLtely 16.6 2 in 

glycolated samples Is attributed to montmorillonite. 

The spacing of the expandable 14 2 material in the 
glycolated samples varies considerably; In well-

crystalline examples the spacing is approximately 

17.0 2, but a reflection between 16 - 17 , is more 
common in those samples where the expandable maerial 

forms a diffuse peak. It is unlikely that any mixed-

layer clays are present as no weak reflections with 

a spacing of 10 - iL'. 2 occur. The amount of montmor-
illonite in the surface samples Is low ( av. 7.) and 

there is no consistent regional variation in the con-

centration of this mineral; the South East Platform 

and some of the stations on the Central Plateau, show 

the Li.ost conspicuous inontmorlllonite reflections (maxi-

mum 17).  Poorly crystalline montmorlllonite Is 

fo Un 
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FIGURE 5.12 

DISTRIBUTION OF CLAY MINERAL ASSEMBLAGES IN THE CLAY 

FRACTION OF BARENTS SEA SURFACE SEDIMENTS 
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found all over the Bear Island - Spitsbergen Bank an 

along its western boundary. Elsewhere the indax of 

crystallinity (the V/P ratio of Biecaye, 1964) suggests 

that the expandable material is moderately well-crysta-

lline. However, the index of crystallinity must be 

treated with caution as it depends to a certain extent 

on the total peak intensity, i.ee the concentration 

of the montmorillonite (Heath, 1968). 

Pig. 5.12 summarises the observations derived 

from ciHy mineralogical data and defines five broad 

areas or clay mineral provinces: 

The area adjacent to the south west coast of the 

Bars Sea and extending as a prominent lobe onto 

the Central Plateau Is characterised by the presence 

of 	rich in distinctive well-crystalline 10 2 
material with subordinate well-crystalline chlorite. 

On the South East Platform, 'trioctahedral' 10 2 
material is less dominant and the degree of crystal-

unity is not so well pronounced. Here, there is an 

increased abundance of chlorite which is still domi-

nated by a strong (001) reflection. There Is some 

admixture with well-crystalline montmorillonite. 

The North East Is characterised by the abundance 

of 7 2 chlorite. The 10 2 material Is poorly crystal-
line and has a strong (002) reflection. 

Li.) The area occupied by the Western Trough iows the 

presence of 14 2 chlorite and abundant 10 2 material; 
the Illite shows some admixture with 'trioctahedral', 

moderately/ 
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moderately well-crystalline material. The clays of 

the eoith western part of the trough closely resemble 

the clays of the South West Coast and Central Plateau, 

and are distinct from those found on the adjacent 

Bear Island - Spitsbergen Bank. However, In the north 

eastern part of the trough, the presence of 7 2 chlorite 

Is aL.o recognisable. 

5) The Bear Island - Spitsbergen Bank region is charac-

terised by the presence of poorly-crystalline diocta-

hednal, hydrated 10 R material with minor amounts of 

7 R chlorite and small amount2 of poorly-crystalline 

montmorilloni te. 

3) 0iher minerals in the clay fraction 

The mineralogical composition of the clay fraction 

of the Barents Sea sediments Is almost totally deter-

mined by the concentration of the clay minerals. No 

reflection attributable to quurtz or felspar can be 

observed in the diffraction patterns of the clay frac-

tion. Kunze et al.(1968) and Slatt and ikIn (1968) 

note a similar lack of quartz and felapar, in the clay 

fraction of sediments off Alaska, which they attribute 

to the fact that glacial grinding does not reduce 

significant amounts of these minerals below 2 microns. 

Along the south coast, a pronoux:Lced peak at 8.4 - 8.5 

can be attributed to amphibole (ilo), (Biscaye, 1964); 

the presence of clay grade amphibole is restricted 

to this region and parts of the Central Plateau. The 

presence of clay-grade calcite can be detected in the 

diffraction/ 
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diffraction patterns of the clays £ouxd on the Bear 

Islanc — Spitsbergen Bank and along the South West 

Coast. 

4) Discussion of regional trends in clay 

It is well documented in the literature that in 

high latitudes the dominant process of weathering is 

mechanical rather than chemical. The lack of chemical 

weathering has betxi observed in both Arctic aria Antarctic 

soils (Tedrow, 1970; Tasch and Gafford, 1969) and in 

Recent marine sediments of high latitude, shelves (Kunze 

et a].,, 1968; Duncan et a].., 1970; Naidu et al., 1971). 

Detailed studies of the weathering sequence in the 

Pleistocene clays deposited under arctic conditions 

(Soverl, 1956; Jorgensen, 1966; Wilson, 1970)  emphasise 

that the clay minerals found in such environments 

result from the purely mechanical breakdown of primary 

layered silicate minerals and that chemical degradation 

is minimal. The presence of clay-grade amp.iole is 

commonly observed in arctic environments and confirms 

the absence of chemical weathering (Wilson, 11b; 

Holowaychuk and Ouerett, 1972). The decreased signi-

ficance of chemical degradation away from the equato-

rial belt is clearly expressed by the regional increase 

of well-crystalline chlorite an clay grade micas In 

hii. 	tt1 id 	 et: of degraded 

clay. ( 	 I c6; Rateev, 

1968; Griffin et al., 1968). However, althèugh strict 

comparison/ 
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Ell  
comparison of quantitative clay mineral studies is 

not always advisable due to the different methods 

employed (Pierce and Siegel, 1969),  it is evident 

that the clay mineral assemblages found on the Arctic 

shelves can vary considerably. Thus Turner (1971) 

records over 50% montmor1lrnite In the Recent sedi-

ments of the Kara Sea, Marlowe (1968) notes the com-

plete redomInanee of chlorite In the sediments of 

Baffin Bay, and Naidu et al. (1971)  observes that 

illite is the most common mineral in the clay fraction 

of the Beaufort Sea. In the absence of marked chemi-

cal degradation taking place In such environments, 

these changes In mineralogy must relate to changes In 

the natu of the source material. 

A number of authors have used quantitative clay 

mineral studies to diffcientIate sediments and to die-

cuss the sources and dispersal of terrigenous materials 

(Berry et al., 1970; Griffin, 1970; Duncan et al., 1970; 

Venkataratharn et al., 1971; 	: du et al., 1971). In 

the Barents Sea, the different clay mineral asomblages 

(Fig. 5.12) are considered to reflect different sedi-

ment sources. Hydrodynamic factors, such as the dif-

ferential settling of clays, do not appear to be opera- 

tive within the clay 	tion (chapter 6). 
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CHAPTER 6 

THE LITHOFACIES OF THE SURFACE 

SEDIMENTS 

6.1 NATURE AND DISTRIBUTION OF THE LITHOFACIFJS 

In the following discussion the term 'lithofacies' 

refers to the overall appearance of the sediment as 

determined by the mineralogy and texture. The two most 

distinct lithofacies in the south western Barents Sea 

are rcresented by the sediments occurring on the banks 

and platforms, and by the sediments found in the deeper 

basins; the character of the majority of the sediments 

Is Intermediate between these two extremes. The 'bank 

deposits' are coarse-grained sands and muddy sands 

enriciied in quartz, heavy minerals, rock fragments and 

carbonate debris, whercri the 'basin deposits' are 

fine-grained muds and sandy muds enriched In mica, 

chlorite, and organic matter. These broadly defined 

features of the lithofacies suggest reglonl differences 

In the energy of the depositional environment. 

6.2 THE INFLUNCE OF THE DEPOSITIONAL ENVIRONMENT 

Coarse-grained sediments are undoubtedly concen-

trated in the shallower regions of the sea (the Bear 

Island - Spitsbergen Bank, the South East Platform, 

and parts of the North East), but are not confined 

to these areas; the sediments adjacent to the South 

West Coast are Indistinguishable from the shallower 
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bank deposits and occur at water depths of over 300 

metres. The coarse grain size, the polymodal nature 

of the sand and silt, And the relative depletion of 

fine silt and clay, indicate that these coarse-grained 

sediments reflect an environment exposed to the action 

of strong bottom currents. ':'hese  conclusis are sup-

ported by .i.ineralogical observations of the separated 

sand and silt fractions which show a relttive enrich-

ment in carbonate debris, rock fragments, heavy mine-

rals and quartz, and a relative depletion of mica, 

chlorite and felspar. The distribution of the areas 

of sand and sandy mud closely agrees with the Informa-

tion available on the movement of bottom currents (Fir. 

2.8); thi: information has been indirectly determined 

from hydrographie, faunal and previous sediment surveys. 

The relative dist:'ibution of heavy minerals and mica 

(Fig. 2.10) confirms that bottom currnts are not only 

concentrated on the shallower banks and platforms but 

also along the South West Cot and on parts of the 

Central Plateau. It is concluded that the coarse-

grained 'bank deposits' (including the deeper-water 

sediments of the South hest Coast) represent relatively 

high energy depositional environments. 'Basin deposits' 

are prominent in the de-pest parts of the Western 

Trou,h and Central Depression; these sediments exhibit 

many textural and mineralogical features that suggest 

the active deposition of the finest suspended material 

and .iave greatly increased contents of fine silt and 

clay,/ 
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clay, organic carbon, and mica. The 'basin litho-

fades' represents a depositional environmt charac-

terised by the minimum activity of bottom currents. 

It Is thus clear that certain features of the 

lithofacies can be used to illustrate regional if-

ferences In the energy of the depositional environment; 

other i.atures can be related to regional differences 

in the source of the sedimentary materials. 

6.3 THE INPLUENC7 OF THE SOURCE MATERIAL 

The mineralogical examiiition of the different 

size frictions, rather than of the total sediment has 

partially eliminated the textural control on mineral 

composition and has enabled the rGcognition of reGIonal 

differeLcos related to variation in the nature of the 

source material. Thw, the rock fragments and heavy 

minerals within the sand fraction, and the clay minerals 

within the clay fraction, can be grouped into distinc-

tive assemblages. The decreased influence of the 

textural control Is encouraged by the uniform hydro-

dynamic response of the mineralogical components 

within these two size fractions; this arises from the 

high density and relatively large size common to the 

heavy minerals and rock fragments, and from the con-

sistently fine nature of the clay minerals. There Is 

little grain-size variation within the clay fraction 

although the clay material in the North East is slightly 

coarser than elsewhere and precludes derivation of 

these/  
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these chioritle clays from the south by differential 

settlinE (cf. Van Andel and Poatma, 1.54). Separation 

and mineralogical analysis of coarse and fine clay 

(Appendix D) also emphasises that the concentration 

of chlorite is greatest in the coarser fraction of 

the clay. Textural variation is still important in 

determining the mineralogical composition of the 

separated silt fraction; the 8 - 63 micron size range 

is considerable and includes much material commonly 

held in suspension, as well as material that dynami-

cally resembles fine sand. Certain features of silt 

mineralogy are, however, independent of the texture 

(the nature of the felspar and chlorite, the presence 

of amphibole) and reflect variation in the nature of 

the source material. The ability to discriminate 

between individual mineral species is of paramount 

importance but is severely limited by the relatively 

poor precision of the analyses. The poor precision 

and the confusing effect of textural variation could 

perhaps be remedied by the separation and examination 

of individual mineralogical components; this would be 

difficult and time-consuming. Thus this study of the 

silt fraction exemplifies many of iie problems encoun-

tered in provenance studies and, in spite of the advan-

tages gained by size separation, considerable limitations 

remain. 

It is concluded that certain regional variations 

in mineralogy are related to regional variations in 

the/ 
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the nature of the source material. The nature of 

these vriations needs to be examined with greater 

precision and accuracy before the source and disper-

sal of the sediments can be discussed more fully. 

This increased precision and accuracy may be avL liable 

through a study of the chemical composition of the 

edimet. 
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Ciid'T:R 7 

MAJOR ELEMENT CHEMISTRY OTH 	:ACP SEDIMENTS 

7.1 INTRODUCTIOI: THE ANALYSIS OF TH MAJOR ELE!/TS 

The surface samples were analysed by X-ray emis- 

sion spectroscopy for the 	jor elementsiU2, T102, 

Al 23'  Fe203  (total iron), IlnO, CaC, MgO, K20, and 

P20 5 	'hese analyses were performed on .10 representa- 

tive clay samples, 50 silt samples, 6 sand samples and 

6 undifferentiated 'total-sediment' samples. Na20 was 

determined on selected silt samples. Additional Mn 

analyses were carried out on some silt and clay samples 

using undiluted powders supported on mylar films. The 

preparatiol. of the samples and the sinlytical teobniquea 

have been discussed in chapter 3 and are described in 

Appendix A and B reepsively. 

The major element chemistry of Recent shelf sedi-

ments is known to be uominantly terrigenous in origin 

(Kienova, 1960; Hurst, 1962a). The non-lithogenous 

aspects of the chemistry of organic carbon, sulphur, 

phosphorus and extractibla iron and manganese are 

discussed separately in chapter 10. The multiple 

washing and peroxide treatment involved in ... epara- 

tion of the different ze fractions does 	a:Lect 

the ucncentration of the lithogenous element.. 	iizpter 

IC) and makes it unnecessary to correct the aialyses 

for the effect of salt. 

Table 7.1 shows the average major element compo-

sition of untreated 'total-sediment' and compares 

this/ 
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__74 

U L.J0 L0NTS (WT %) IN THE DIFFERENT SIZE 

FRACTIONS OF SURFACE AND SUB-SURFACE SEDIMENTS 

S102/A].203  CaO 	K 2  0 Fe203  T102 5102  A1203  P 2  0 
5 
 MgO Mn 

1.23 2.49 4.54 0.58 63.15 11.14 0.12 1.68 0.057 
1.18 2.78 5.91 0.72 59.74 13.86 0.11 2.02 0.075 

0.82 1.97 1.60 0.16 83.00 7.57 0.07  0.53 0.033 
0.82 2.28 1.61 0.20 8I.414. 8.67 0.07 0.61 0.046 

TOTAL SEDIMENT 

a* surface 

b. depth 

MATERIAL COARSER 
THAN 63 MICRONS 

surface 

depth 

SILT 

5.5 
4.3 

ae surface 	1.80 2.23 2.53 0.71 73.87 11.08 0.12 1.37 0.045 
	

6.7 
b. depth 
	

1.66 2.31 2.80 
	0.72 72.66 11.46 0.13 1.59 0.052 	6.3 

CLAY 

surface 	0.89 3.49 9,48 0.96 48.73 19.12 0.37 3.17 0.073 
	

2.5 
depth 	 0.78 3.39  9.82  0.93 48.99 19.15 0.31 3.04 0.094 

	
2.6 

Surface = 0 - 5 cms 
Depth 	= 25 - 30 ems 

Average of 6 stations : EH 49, 61 9  69, 74,  79, 81 



ITS (WT 	IN THE SILT AND CLAY FCTI0NS 

2 2
.iO2  re2(J '2 

2L 5  C3  

IL 	i1RC LI0N 

;:ean 	73.13 10.99 0.72 2.68 1.31 0.05 O.64 2.07 2.48 0.13 3.95 

	

e 	(52.L.1- 

	

!Range 	84.60) 
((.85- 
13.28) 

(0 51- 
0.91) 

(2.0- 
3.89) 

(0.78- 
2.05) 

(0.03- 
o.ob) 

(c.0- 
2.03) 

(1.27- 
2.56) 

(1.28- 
3.2Li.) 

(0.08- 
0.20) 

(0.0- 
26.0) 

CLAY FRACTION 

Mean 	47.94 19.11 0.96 9.19 3.10 0108 0.82 3.53 node 0.36 1.43 

Range 	(40.65- 
53.89) 

(15.31- 
23.37) 

(0.75- 
1.13) 

(6.97- 
1o.Li.5) 

(2.1 7- 
4:13) 

(0 04- 
0.20) 

(0.11- 
1.94) 

(2.93- 
4.17) 

(0.13- 
0.67) 

(0.0- 
13.1) 

Silt fraction : mean of 50 stations, except Na20 (15 stations) 

Clay fraction : mean of 60 stations 

Size Peperation Involved treatment with H 2  0  2 



FIGURE 7.1 

DISTRIBUTION OF CALCIUM CARBONATE IN THE SILT FRACTION 

OF BARENTS SEA SURFACE BED!* 'TS 



DISTRIBUTION OF CALCIUM 

CARBONATE IN THE SILT FRACTION. 



tLis with the composition of the individual size 

fractions; it is evident that the elimination of grain 

size control achieved through size separation allows 

an inecd confidence In the interpretation of sedi-
cmt(y 

ment.one:nd Siegel, 1969). The terrigenous aspects 

of sediment chemistiy outlined In this and the follow-

ing cLter are based on the analysis of the individual 

size fractions. The sand fraction is dominated by the 

presence of quartz (over 80, 	Table 7.1) and was 

not examined In detail. The mean and range of the 

major elements In the silt and clay fractions is expres-

sedin Table 7.2. 

7,2 THE SILT FRACTION 

i) Distribution of the major elements 

Calcium carbonate: The concentration of CaCO3  was com-

puted from the CO2  analyses and Is based on the assum-

ption that all the CO2  ;'as evolved from calcium carbon-

ate. The CaCO3  content within the silt fraction (Fig. 
>( 

7.1) varies considerably, being highest in those areas 

with a rich benthic biomass and confirming the observed 

distribution of calcite (Fig. 5.4). 'Tence CaCO3  Is 

pronounced along the South est Coast and on the Bear 

Island - Spitsbergen Bank, but elsewhere usually accounts 

for less than 1b of silt fraction chemistryo 

i1Icon and aluminium (Fig, 7.2): These two elements 

are the principal componeits of the silt fraction. 

The two most important controls on their distribution 

are/ 
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7.2 

DISTRIBUTION OF S10 2/A1203  RATIOS IN THE SILT FRACTION 

OF TH BARENTS SEA SURFACE 

SEDIMENTS 
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M. 
are the presence of quartz and the principal aluniino 

silicates (felspar, mica and chlorite), and the degree 

of carbonate dilution. In the Barents Sea, the maximum 

concentration of silicon occurs on the banks and ridges, 

whereas aluminium is concentrated in the basins of the 

Western Trough and Central Depression. The average 

iO2/1l203  ratio of mica, alkali felspar and plaioclae 

felspar is 2.179, J.33 and 5.0 respectively (Deer et al., 

1966). The Si02/.A1203  ratio of the sediments varies 

from more than 7.14 on the Bear Island - Spitsbergen 

Bank and the South East Platform, to less than 5.55 

in .hc Torth East (Fig. 7.2). The high values reflect 

the depletion of alumino-silicates on the scoured banks 

and the relative enrichment of quartz in such areas; 

the decreased ratios found in the basins illustrate 

the relative enrichment of felspar, mica and chlorite 

(chapter 5). The high values of S102/A1203  found in 

the North East emphasi. c the significant emciunent 

of felspar relative to quartz noted in this region 

(Fig. 5.5). 

Titanium (Fig. 7.3): The distribution of titanium is 

controlled by the distribution of heavy titanium-bearing 

minerals and by the distribution .2 hiotite (..Lt - 

Tb 2; Deer et al., 19'TG). The TiO2/A1203  ratio in the 

silt varies from 0.09 to 0.05 (Fig. 7.3) and is highest 

in the areas of coarse sands along the South West Coast, 

and on the South East Platform and the Bear Island Bank 

which are areas of significant heavy mineral concentration 

(Pig./ 
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DISTRIBUTION OF K20/.A1203  RATIOS IN THE SILT FRACTION 

OF BARENTS SEA SURFACE SEDIMENTS 

FIGURE 7.6 

DISTRIBUTION 03 M9Q/A1203  RATIOS II THE SILT FRACTION 

OF BARENTS SEA SURFACE SEDIMENTS 
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(Fig. 2.10). Higher T1O2  /Al 2O ratios are also fOa:nl 

in the depositional areas of the Western Trough and 

Central Depression, and reflect the Increased concen-

tration of micas In these basins (Table 5.1). 

Calcium, potassium and sodium (Figs. 7.4 and 7.5): The 

earbonate-CaO, derived frc. the CO2  analyses, was 

subtracted from the total-CaO to give an estimate of 

non-cir'honate or silicate - CaO which i: held In the 

lattice of basic feispars, amphiboles, apatite, aphene 

and other heavy minerals with only minor amounts in 

micas and alkali felapars. Potassium, on the other 

han, i enriched in both alkali felapars and micas 

with the average K20/A1203  ratio of these two minerals 

being O. 	and 0.45 respectively (Decrtal., aatcji t. 

Fig. 7.4 illustrates the high K20/Al203  values found 
in the south east. Since mica does not occur In any 

abundance here (Table 5.1), these high ratios are 
o aLk.aLL epw 

probably produced by an increased concent'tin. The 

distribution of silicate - CCyK2O (Fig. 7.5) also 

enables a clear distinction to be made between the 

types of felspar and shows the significant influence 

of a more basic plagioclase in the North East. On the 

South West Coast, the broad relationship of silicate - 

CaO to K 2  0 brezs down, implying the presence of a 

non-felspathic Ca-bearing mineral. The high silicate - 

CuO/K20 values of this region may reflect the presence 

of amphibole (Table 5.1) and other heavy minerals. 

some error in the analyses could have arisen from the 

abundance/ 
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abundance O± 	 but a similar situation Ic not 

observe. in the carbonate-rich deposits of the Bear 

Island Bank and not all stations on the South West 

Coast show a high carbonate content. The significance 

of plagioclase feispars relative to alkali fel,ar is 

also evident from the distribution of Na20. In the 

.iorth :ast the average Na20/K20 ratio is 1.36, compared 

to 1.17 on the South East Platform and 1.0 on the Bear 

J:sland - Spitsbergen Bank; along the South Vest Coast 

intermediate values are found. 

e:ium(Fig. 7.6): Magnesium is concentrated in 

phyLilicates, especially biotitic micas, and. in 

chlorites and amphiboles. In the Barents Sea silts 

it appears to show a close relationship to the dictri-

bution of carbonate debris, with high MgO/A1203  values 

occurring along the South ,'est Coast and on the Bear 

Island Spitsbergen Bank ore rcoinan-t. The enrich-

ment of Mg in these baa: areas may be associated with 

the presence of biogena.is carbonate and with the noted 

presence of heavy carbonate ineral aggregates (EL: 1; 

the Bear Island Bank) and amphiboles (EM 5; the South 

West Coast). 

Iron (Fig. 7.7): In these analyses total iron is 

expressed as Fe203  and includes both ferrous and ferric 

iron. The Fe203  content of the cuts ranges from 2.0 - 

3.9,. Iron shows only a broad re]Btions?'Lip to MgO and, 

unlike magnesium, does not show my significant enrich-

ment in the coarser-grained bank deposits but Is more 

concentrated/ 



DISTRIBUTION OF Fe203/MgO RATIOS IN THE STLT FRACTION 

OF BARENTS SEA SURFACE SEDIMENTS 



DISTRIBUTION OF Fe2Oil 
7MgO 

SILT FRACTION 

1 



FIGURE 7.8 

DISTRIBUTION OF Mn IN THE SILT FRACTIOI OF BARENTS 

SEA SURFACE SEDIMENTS 
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!IGURE 7.1k 

DISTRIBUTION OF MXV103  & 105 IN THE CLAY FRACTION 

OF BARENTS b 	L.d?ACE SEDIMENTS 

FIGURE 7. 

DISTRIBUTION OF Ti 02/A'203  PATIOS IN THE SILT FRACTION 

BARENTS SEA SURFACE SEDIMENTS 
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concentrated in the areas where mica and chlorite are 

abundwt (Table 5.1 and Fig. 5.7). Fig.  7.7 shows 

that enrichment of Fe203  relative to MgO occurs in 

the northern parts of the area studied, particularly 

In the North East. High values of Fe203  may be par-

tially associated with the presence of ferric iron 

(the existence of thin oxide coatings on silt frag-

ments has been noted in the North East; chapter 10) 

Lut seems more likely to relate to the presence of 

an iron-rich mica or chlorite. 

Manganese (Fig.  7.8): The die u'ibutlon of rranganese 

appcars to share some of the characteristics of both 

Pe203  and MgO; thus It is enriched relative to MgO 

in the North East but It Is also concentrated aloii. 

the South West Coast (Fig. 7.8). Unlike MgO, it Is 

not enriched on the Bear Island - Spitsbergen Bank. 

The distribution of Mn in the south west parallels 

the increased concentration of silicate - CaO and MgO. 

Phosphorus: Phosphorus appears to be partitioned 

between the coarse, carbonate-rich silts of the South 

West Coast and the Bear Island - Spitsbergen Bank, 

and the fine, felspathic silts of the North East. 

P 2  0 5 
 is likely to be associated with shell debris 

and heavy detrital apatite minerals in the coarser 

deposits and with micas and aluio-sIlicates In the 

North East. Much of the variation of POç. In the 

Barents Sea sediments is tied up with non-terrigenous 

or dispersed phases and these are discussed in more 

detail/ 



detail in chapter 10. 

2) Discussion 

The major element chemistry of the silt fraction 

is almost entirely detx'ita]. In origin and is control-

led by the mineralogy of the sediment. Thc diLtri-

üution of shell debris, quartz, alkali and plagioclase 

felspar,, mica and chlorite, are the primary controls 

on the chemical composition. In addition, the chemistry 

of the coarse-grained deposits may be coloured by the 

presence of significant amounts of heavy minerals 

(Fig. 2.10) with the presence of amphiboles along the 

south coast being particularly conspicuous (Table 5.1). 

It is clear that the major element chemistry of the 

silts clarifies the distribution of those mineralogical 

provinces which have been tentatively defined from a 

study of the mineralogy (chapter 5). The definition 

of distinctive felspar assemblages in different areas 

is apparent from Fig. 7.4 and  7.5 and from the Na20/K20 

ratios; the South East Platform and the near Island - 

Spitsbergen Bank are dominated by alkali felspar whereas 

the silts of the North East have an increased cntent 

of plagioclase (of. Fig. 5.6). An enrichment of 

ma. ciu.rn arid high MgO/A1203  ratios may be partially 
altri buted 

:... id to the presence of carbonate debris, 

especially in the CaCO3-rich silt.- of the Bear Island 

Bank, as a considerable amount of Mg can be ineorpor-

ted duriiij, the shell growth of marine organisms (Chave; 

1954). Wildeman (1970) has shown that some Mn may 

be/ 



e LLJ1arly ioorat. It can be coim-nated thit 

10% CaCO3  would contribute approximately 0.06% MgO 

L::i than 10 ppm Mn (analysis of 14 common littoral 
moI1u 
moisc shells; Leutwein and Waskowiak, 1962), whereas 

only 1 of amphibole would contribute 0.12, MgO and 

over 70 ppm Mn (analysis of 18 amphiboles; Deer et al., 

1966). The notable enrichment of manganese, magnesium 

and non-carbonate calcium along the South West Coast 

and onto the Central Plateau (Figs. 7.5, 7.69  7.7 and 

7.8) cannot be accounted for by the presence of car-

bonate debris; this unusual chemistry is not apparent 

in the carbonate-rich silts of the Bear Island - 

pitergen Bank and reflects the distinctive mineral-

ogical features of the South West Coast which include 

the jcsence of abundant amphiboles and some well-

crystalline chlorite (Table 5.1). The micas and/or 

chlorites in the silts of the JNorth East can be distin-

guished by a relative enrichment in iron (iid. 7.7). 

7.3 THE CLAY FRACTION 

1) Distribution of the major elements 

Table 7.2 shows the mean and range of the major 

element components of the clay traction. 

Calcium carbonate: Tiio distribution of clay grade 

carbonate debris is very similar to that of CaCO3  in 

the silt fraction (Fig. 7.1) with values of 'ver 5. 

found on the Bear Island Bank and along the. South West 

Coast. Elsewhere the CaCO3  content is very low and 
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FIGURE 7.9 
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DISTRIBUTION OF K20/A1203  RATIOS IN THE CLt1 FRACTION 
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frequently u.nde tec table. 

AlumiLium and silicoi, (Fig. 7.9): In the absence of 

any significant amount of felspar and quartz (chapter 

5), the principal control on these two elements Is 

the presence of chlorite and Illite. Although the 

id203  content of 10 R material is extremely variable, 

the S102  content is considerably greater than that 

usually found in chlorites and the distribution of 

3i02/A1203  (FIg. 7.9) broadly reflects the relative 

distribution of chlorite and Illite (Fig. 5.9). The 

only exception Is the clay mineral suite found on the 

Bear Island Spitsbergen Bank where relatively higher 

aluminium values are found, although chlorite is only 

moderately abundant. The Illite of this region Is 

mineralogically distinct from that found elsewhere 

(chapter 5) with a very broad 10 R peak (low sharp-

ness ratio) and a relatively pronounced (002) reflec-

tion suggesting a strongly muscovitic character 

(Jorgensen, 1966). The presence of alumtuium-rich 

10 R material Is thus compatible with the mineralogi-

cal evidence. 

Potassium (Fig. 7.10): h20 is present In all clay 

micas but not chlorite and the K20/A1203  ratios (Fig. 

7.10) give a reliable indication of the distribution 

of these ti;; o principal mineralogical componcxits. The 

clays of the Bear Island - Spitsbergen 3ank appear 

rich in 	this point is amplified below. 

Titanium (Fig. 7.11): Tb 2  is present in the lattice 
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3+ 
of all clay minerals where it substitutes for Fe 

arid A13+;  it may also be present as minute inclusions 

of ruti].e and values of between 2 - 14% T1 2  are commonly 

reported from bbotitic micas (Deer et a].., 

In the Barents Sea clays, the maximum titaiu.,,, values 

occur in areas where there Is a negligible dilution 

of the alumino-silicates with carbonate debris. A 

plot of Tb 2  against Al2 )3  (Fig. 7.11) shows that the 

clays of the South Vest Coast have distinctly higher 

TiO/A1203  ratio than those found on the Bear Island - 

Spitsbergen Bank; elsewhere intermediate values are 

found. 

Silicste - CaO: CaO is present in minor amounts in 

most chlorites and is slightly more concentrated in 

illitic clays, but only in the smectites can it be con-

sidered as one of the principal inter-layer cations. 

It is also an Important component of amphiboles. 

Increased values of silicate - CaO are fouricL along 

the South West Coast and on the South East Platform, 

with a prominent lobe extending from the South West 

Coast clay fades. This cannot be attributed to the 

presence of calcium carbonate and inaccuracy in the 

determination of CO2  values; such a situation is not 

observed in the CaCO3-'ich sediments of the Bear 

Island Bank and many of the stations in the region 

showing increased silicate-CaO values have l. con-

centrations of carbonate. A similar trend has also 

been observed In the chemistry of the silt fraction. 

The/ 
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FIGURE 7.12 

POTASSIUM AND IRON RELATIONSHIPS IN THE C1Y FRACTION 

OF BARENTS SEA SURFACE SEDIMENTS 
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The increased silicate-CaO/Jl2C3  ratios evidently 

reflect the distinctive mineralogical features of 

this area and these mineralogical features are present 

in both the clays and the silts. The occurrence of 

amphibole is restricted to the south coast and Central 

Plateau. It is also the only mineral comio.ti to both 

size fractions that could contribute significant 

amounts of CaO, 	and Mn. 

!agnesium, iron and manganese (Fig. 7.12, 7.13, 7.14 

and 7.15): Magnesium occurs in both the talc and 

brucite sleet of the chlorite lattice. It is also 

heL in the octahedral sites of micaceous minerals 

and it Is an Important cation In ainphlboles. Iron 

and manganese can be held in both the chlorite and 

illite lattice, and in addition may occur as a dis-

persed oxidate phase; the manner in which these 

hydrogenous phases modify tht detrital chemistry is 

considered In chapter 10 In the western parts of 

the sea, iron bears a close relationship to K 2  0 

(Fig. 7.12). No such relationship exists in the clays 

of the eastern and north eastern parts of the sea 

where the content of iron cannot be related to the 

K 2 0 content; this lack of evariance implies that 

iron is either in the chlorite or that it exists as 

dispersed oxidate phases. :inor amounts of iron 

oxide are developed In the North East but their dis-

tribution (chapter 10) cannot account for the notable 

iron enrichment which appears to be more closely 

related/ 
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FIGURE 7.13 

DISTRIBUTION OF MgO/K20 PATIOS IN THE CLAY FRACTION 

OF BARTT'TTS SEA SURFACE SEDI.TEi ITS 
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FIGURE 7.14 

DISTRIBUTION OF Pe203/MgO RATIOS IN THE CLAY FRACTION 

OF PARENTS SEA SURFACE SEDIMENTS 



DISTRIBUTION OF Fe203/gQ 	CLAY ION 

/ kmO 	 121 	242 
/ mls.O 	 75 	150 

U1I 
-I 

VklIII!ITII 
2IIih',gt4 

. 



related to the distribution of 7? chlorite. igo 

shows a close relationship to both P5203 and h20 on 

the Bear Island - Spitsbergen Bank and a broad rela-

tionship to Fe203  (but not to K20) in the east and 

north east; it shows no relationship either to .ron 

or potassium along the South West Coast which implies 

the etence of a separate magnesium-rich mineral 

in this region. The greatly increased g0/K20 ratios 

(i'ig. 7.13)  emphasise the distinctive character of 

the MgO-rich clays found on the South west Coast, 

whereas the low Fe203/MgO values (Pig. 7.14) clearly 

delineate these clays from the Fe203-rich northern 

clays. The assemblage of clays found on the South 

West Coast can also be differentiated from those on 

the Bear Island - Spitsbergen Bank on the basis of 

their relatively lower potassium content (Pig. 7.12a). 

The clays of the Bear Island - itsbergen Bank are 

characterised by the urusual covariance of MgG, Fe203, 

and K 2 
 0 which iilc.plies the existence of distinctive 

10 R material. 

Fig. 7.15 (11,n/Al203) illustrates that the dis-

tribution of Mn is broadly similar to that of magnesium, 

and that manganese also shows the prominent lobe away 

from the South West Coast which is a conspicuous 

feature of the mineralogy and chemistry of these 

distinctive clays. High values or manganese relative 

to magnesium are also found in this area whereas low 

values/ 
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values 	i,  found in the north and north cost. 

Phosphorus: The concentration of phosphorus is closely 

rolated to the hydrogenous fraction of the sediment 

and the geochemistry of P 2 
 0 5 is discussed in chapter 

10. 

) Discussion 

The regional distribution of the principal tern-

genous elements in the Louth west Barents ea confirms 

the pattern of clay mineral ucvelopent noted in 

chapter 5. The existence of regional variations in 

the major element chemistry amplifies the changes In 

clay mineralogy established in Fig. 5.12. Thus the 

clays of the Bear Island. - Spitsbergen Bank appear 

rich In A1203  and K 2  0 
Lut have a characteristically 

low concentration of T102  relative to A1203. MgO 

and Fe203  show a marked covariance with K 2 
 0 which 

suggests the presence of unusual 10 R material. The 

clays found on the South West Coast are enriched In 

MgO, CaO and Mn with a high T102/A1203  ratio and 

relatively low values of K20. MgO (with CaO and Mn) 

shows a lack of covariance with koth K 2 0 and e, ,3 

and must be held In MgO-rich chlorite and/or amphi-

bole. The clays of the North East are characterised 

by increased concentrations of ?e203  which shows a 

	

covariance with MgO but no relationohip to & 	Thus 

the distinctive chlorite of the North East with a 

strong 7 R reflection, and only a weak peak at lLi ., 

appears to be iron-rich. 
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TABLE 8.1 

MEAN AND RANGE OF MINOR ELEMENTS (ppm) IN THE TOTAL-SEDIMENT AND IN TO SIZE 

FRACTIONS OF THE BARENTS SEA SURFACE SEDIMENTS 

Zr Y Ba Ce La Sr Rb Zn Ni Cu As Pb I 

TOTAL-SEDIL ENT 

Mean 192 24 If 496 74 no do 309 90 87 38 32 12 21 340 

(42- (9- (1- (130- (12- (104- (13- (12- (io- (1- (1- (9.- (0- 
Range 270) 38) 16) 840) 103) 1677) 146) 225) 67) 70) 66) 40) 1290) 

SILT FRACTION 

Mean 393 34 10 769 61 3. 280 65 49 22 20 7 17 0 

(57- (15- (4- (166- (26- (24- (39- (8- (26- (8.- (7- (1- (7- 
Range 1418) 45) 30) 1204) 102) 43) jill) 169) 146) 118) 94) 25) 34) 

CLAY FRACTION 

Mean 131 28 18 671 121 66 177 173 245 83 96 20 53 0 

(16- (14- (10- (74- (14- (41- (75- (3 (159- (56- (60- (8- (23- 
Range 236) 45) 23) 832) 169) 93) 838) 216) 544) 170) 334) 75) 136) 
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MINOR ELEMENT CHEMISTRY OF SURFACE YDIMENTS 

8.1 INTRODUCTION: THE ANALYSIS OF THE EINOR ELEMENTS 

The surface samples were analysed by X-ray emis-

sion spectroscopy for the minor elements Zr, Y, Br, 

Rb, Zn, Ni, Th, Ba g  Cu, Ce, La and Pb using undiluted 

powders supported on mylar films as described in 

Appendix A and B. The analyses were performed on the 

separated silt and clay fraction of all surface sedi-

ments, and on the total-sediment samples. The minor 

eleert chemistry of shelf sediments is predominantly 

lithogenous in origin (Hirst, 1962b). Certain trace 

elements, especially iodine and arsenic are not con-

trollo by the distribution of the terrigenous mate-

rial2; the non-lithogenous aspects of minor element 

chemistry are discussed in chater 10. 

Table 8.1 lists thc mean and the range of the 

minor element components In the 80 total-sediment 

silt grade, and clay grade bainpies. 

8.2 THF SILT FRACTION 

I) Distribution of minor elements  

Strontium (iIg. 6.1): Strontium in the silts appears 

to be partitioned between the biogenous fraction of 

the sediment and the terrigenous fraction. it Is 

evident that greatly Increased concentratioiis of Sr 

are found i the areas enriched In carbonate shell 

debrl s/ 
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FIGURE 8.1 

A. DISTRIBUTION OF STRONTIUM IN THE SILT FRACTION 

OF THE BARENTS SEA SURFACE SEDIMENTS 

B. DISTRIBUTION OF Sr/Rb RATIOS IN THE SILT FRACTION 

OF THE BARENTS SEA SURFACE SEDIMENTS 





debris (Figs. o.la  c. Pigs. 5.4 and 7.1). In the 

the eastern part of tY& sea the strontium distribution 

can be considered on a carbonate-free basis and a 

significant enrichment in strontium is apparent in 

the silts of the North East. The strontiw content 

of biogenous carbonate is high (over 39000 ppm Sr can 

be observed in mollusc shells; Pilkey and Goodell, 

1963), and the strong correlation of Sr with shell 

carbonate debris baa been note."" in many studies of 

Recent sediments (Turekian and Kuip, 1956; Muller, 

1967). Lost of the terrigenous strontium is held in 

feispars where it i.ay substitute for Ca 2+ and K+ and 

is present in both plagioc:lase and alkali felspar. 

Sr is not concentrated within the m1ca structure 

which Taylor (1965) attributes to the fact that the 

small size of the Sr 2+ 
4 on ::'ohibits the stable occupa-

tion of the 12-fold co-ord.n8on position. .he Si' 

enrichment seen in the nor cst c' the 3areits Sea 

can be correlated with a marked increase in the amount 

of felspar (Fig. .5). These silts of the North East 

also show a much higher Sr/Rb ratio than those found 

on the South East Platform (Fig. 8.1b). 7t can be 

shown below that the K20/Rb ratios are reaso.bly 

constant in these two areas, and the increased Sr/2b 

values seen in the iarth East can be attributed to 

the Increased abundance of plagioclase felsar (Fig. 

5.6). 
Zirconium and thoriui (Figs. 8.2b and 8.3): High 

zirconium/ 



A. DISTRIBUTION OF NTCYb'L IN THE SILT FRACTION OF 

THE BARENTS SEA SURFACE SEDIMENTS 

B 	DISTRIBUTION OF ZIRCONIUM INJILT 	"TI ON 

OF THE BARENTS SEA SURFACE SEDIMENTS 
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FIGURE 8.14 

DISTRIBUTION OF Ce/A1203  RATIOS IN ThE SILT FRACTION 

DISI.3UTION OF Ni/A1203  RATIOS IN THE SILT FRACTION 

OF BARENTS SEA SURFACE SEDIMENTS 
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zircon. 	values occur in the coarser-grained seth.- 

merits of the South West Coast, on the South East 

Platform, and on the Bear Island - Spitsbergen Bank 

(Fig. 8.2b). The large radius of the Zr ion does 

not allow it to substitute readily for her ions 

(Goldschn.iidt, 1954) and the 	content of the silt 

fraction is almost certainly determined by the pres-

ence of the heavy mineral zircon. The use of zirconium 

as an index of the heavy mineral concentration and 

hence as an environmental energy Indicator has been 

previously discussed by Moore (1968). The Zr/A1203  

ratios (Fig. 8.3) emphasise the regions where heavy 

minels are concentrated relative to the alumino-

silicates. High values of Zr/Al 203  occur on the banks 

and moi exposed regions of the sea (the Bear Island - 

Spitebergen Bank, the South East Platform, the South 

West Coast) and confirm the diairibu.tIon of the heavy 

minerals (Figs 2.10). 

Thorium shows a strong covariance with zircorIurn 

which suggests that it is also concentrated in the 

heavy mineral fraction. Th is present In a number of 

heavy minerals including zircon, mojaazite, allanite, 

apatite and ephene (Taylor, op.cit.). It reaches Its 

maximum concentration on the Bear Island Bank. 

Yttriwii, ciuu and lanthanum (Fig. 8.4): Y, Ce and 

La reach their maximum concentration on the Bear Island - 

Spitsbergen Bank and along the South West Coast; the 

distribution of Ce/A1203  is shown in Fig. 8.4. All 

three/ 
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three elements are closest in size to Ca 
2+  among the 

major cations and from studies of igneous rock series 

they are known to be concentrated in Ca-bearing 

heavy minerals such as apatitea (Haskin and Smith, 

1967). They are also found in the K poitioiis of 

mica, but do not readily enter the felspar structure 

which i.aylor (op.eit.) attributes to the difficulty 

of chere balance. The most important 	for 

these elements in the silt would appear to be the 

heavy minerals such as zircon, mona::ite and apatite. 

The Bear Island - Spitsbergei. .ctnk and the South West 

Coast show an enrichment in P 2 0 
5 
 (chapter 7) which may 

suggest the presence of patite minerals. 

Barium and rubidium (Figs. 8.5 and 8.6): In the Barents 

Sea, the distribution of Rb closely parallels the 

distribution of K20. ?i:.is close overall geochmeical 

coherence of rubidium and potassium is well documented 

(Horatman, 1957), and the main sitci for Rb are within 

micas and alkali felspar. The K20/Rb ratio of differ-

ent rocks and minerals can vary significantly (lieler 

and Adams, 1964) and from Pig. 8.5 it can be seen 

that the silts of the Bear Island - pitsbergen Bank 

appear to have lower K20/Rb ratios than those fand 

on the South West Coat. In the absence of substan-

tial amoints of mica in these tv.c areas (T:n*le 5.1), 

the K2O/Ib ratio can be used to differe 	differ- 

ent types of alkali felspar. The K20/Rb values found 

in the east are considerably higher than elsewhere 

but/ 
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FIGURE 8.6 

DISTRIBUTION OF Ba/A1203 RATIOS IN THE 3ILT FRACTION 

OF BARENTS S7.A SURFACE SEDIMENTS 





RIM 
but the situetion here is confused by increased 

amounts of micaceous material. 

The geochemistry of barium Is also closely rela-

ted to that of potassium, since K is the most likely 

ion for which 	will proxy In the silicate lattice, 

Unlike Rb, Ba is known to be enriched in potassic 

feispara relative to micaceous minerals which has been 

attributed to the difficulty of balanciia6 the extra 

positive charge of the Ba 2+  ion in the mica structure 

(Taylor, op.cit.). Ba also enters the Ca and Na sites 

of the plagioclase fe].spars (Deer et al., op. cit.). 

The felspathic silts of the North East show a marked 

enrichment in barium; they also exhibit higher Ba/K20 

ratios and higher 13a/.A1203  ratios than found elsewhere. 

The Increased Ba/A1203  values (Fig. 8.6) indicate that 

the unusual nature of the felapars, rather than the 

total felspar content, is responsible for the increased 

Ba concentration. The high Ba/K20 rtios suest the 

presence of a plagioclase felspar. 

Lead, arsenic, zinc, nickel and copper (Figs. Q.2a md 

8.7): These elements are known to be partitioned between 

the lithogenous and the non-lithogenous phases as exem—

plified in pelar'ic sediments (cheter, 1965). The 

significance of the non-lithogenous components is 

probably minimal in most shelf sediments (Hiret, 1962a 

and b), and the low concentrations of these elements 

within the silt fraction are undoubtedly controlled 

by the terrigenous debris. Pb 2+  Is known to occur 

1W 



1x. .-Lar aid mica subs;itu.ting for potassium 

(Tailor, op-cit.), The level of Pb within the silt 

fraction shows some enrichment-along the South West 

Coast and in the North East, Lithogenous As may be 

present in detrital sulphide minerals and the concent-

ration of As is hi 
was 

dance of opaque gr:J.  

fraction (the Bear Island - Spitsbergen 3axik and the 

North East). 

1nc shows a marked covariance with Cu, and both 

elements show a broad relationship to iron. The 

distribution of Ni (Fig. 8.2a) appears to be more 

closely related to the distribution of MgO. The 

divalent 10118 of Zn, Cu and Fe are similar in size 

where N12+  has a smaller ionic radius and Is inter-

mediate in size between ig2  and Fe 2+  (Goldechmidt, 

1954). All three minor elements are present in great-

est concentrations In areas enriched in mica and 

chlorite (chapter 5) and lower values of these elements 

relative to A1203  (Fig. E.7)  occur in areas where 

these minerals are not prominent (the South East Plat-

form, the South West Coast, and also parts of the 

North East). Tho areas in the no.4t1, west, including 

both the .estern Trough and the adjacent Bear Island 

Bank, show e maximum concentration of Zn, Cu. and Ni 

relative to aluminium which may suggest tm presence 

of an unusual mica or chlorite. 

2) 	miri 

wiInor/ 



Minor element chenistry can be ued to differe.-

tiate the different types of felspar. The felspathic 

silts found in the North East can be distinguished 

by unusually high concentration of both bariu., and 

strontium. The North East also shows the maximum 

K20/Rb values. The low K20/Rb ratio of the 3ear 

Island - Spitsbergen Bank clearly differentiate the 

feispars of this region from those of 	South West 

Coast where intermediate K20/Rb values are found. 

The silts of the Bear Island Bank show unusual concen-

trations of Th. Y, La and Ce and this area, together 

wit.1 the adjacent Western Trough, is characterised 

by the presence of a mineral phase relatively rich 

in Ni, Cu and Zn. 

8.3 THE CLAY FRACTION 

1) Distribution of minor elements 

In any discussion of the distribution or trace 

elements in clays, it is important to differentiate 

the relative influence of the lithogenous and lion-

lithogenous components of the sediment (Chester, 1965). 

The non-lithogenous components may be biogenously 

associated either with caronete cris or with organic 

matter, or may be present with hydrogenous phases 

such as Fe and Mn oxides (Goldberg, 1954). The iodine 

content of Recent sediments is determined by the nat-

ure and abundance of the organic matter (Price et al., 

iE7G; 1yzerd and Palaweka, 1970) and can be used as 

ar2/ 
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an 1ndx of the organic control on the incorporation 

of m1or elements. The Iodine content of the clay 

fraction 18 below the limits of detection (Table 8.1) 

which suggests that the prior treatment with hydrogen 

peroxide during size separation has removoJI, the labile 

organic material and any intimately associated minor 

elements. Treatment with a solution of hydroxylamine 

and acetic acid extracts the carbonate d hydrogenous 

phases of the sediment but does not attac: the sili-

cate lattice (Cheter anu Hughes, i7; Turner and 

Harriss, 1970). The treatment of the Barents Sea 

clay fraction shows that less than 5 ppm of Cu, Ni and 

Zn are extractible which indicates that the hydrogenous 

and carbonate phases of the sediment contribute insigni-

ficant amounts of these minor metal. It can be con-

cluded that the princital features of the minor element 

chemistry of the clay fraction are terrigenax in 

origin; the very minor role of the non-lIthocnous 

components is dismissed in chapter 10. 	similar 

opinion has been expressed by Hirst (1962b) in his 

study of the trace components of Recent clays from 

the Gulf of Paria. 

The mean and range of the minor elements within 

the clay fraction are expressed in Table 8.1. 

ubIdiuxn, barium and strontium (rig. 8.5 and 8.8a): On 

the Bear Island and along the South West Coast, the 

high concentrations of strontium (200 - 800 ppm) 

reflect, the presence of clay grade carbonate debris. 
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In 	claye most of the Sr is knoin to be present 

in carbonate debris; Chester et a].. (1970) have shown 

that less than 20% of the total Sr content of North 

Atlantic deep sea sediment is held within the litho-

genou.s fraction and Muller (1967) describeb a similar 

situation in Recent sediments of the Indian Ocean. 

Elsewhere in the Barents Sea, the average Sr content 

is approximately 120 ppm, which is very similar to 

the average Sr content of 111 ppm reportcd by Cronan 

(1970) for the clay fraction of the Recent sediments 

of:J-,.e Irish Sea. In the carbonate-free clays of 

the eastern part of the sea, Sr is more concentrated 

in the clays of the south relative to those of the 

north; the distribution of Sr appears to reflect the 

dist:ibution of 10 R iterial (rig. 5.9). However 

the Sr/iTh and sr/K20 ratios remain constant, and the 

Sr content cannot be used to differentiate the types 

of 'illitic' clay. 

The distribution of rubidium is closely related 

to the distribution of potassium and the concentration 

of this element is likely to be determined by the 

nature and abundance of the 10 , material. The K20/Rb 

ratio (Fig. 8.8a) of clays on the Bear Island - 

Spitsbergen flank, in the northern part of the estern 

Trough, and in parts of the North East are slightly 

higher than elsewhere; the increased K20/Rb ratios 

of Bear Island - Spitsbergen Bank are compared with 

those of the South West Coast in Fig. 8.5. The 

distribution/ 



distribution of barium in the clay fraction is also 

strongly related to the distribution of K 2  0 and hence 

to that of 10 .2 material, although it does not exhibit 

as close a geochemical coherence to K 2  0 as 
rubidium. 

Processes of significant authigenic barium enrichment 

appear to be confined to deep sea sediments (Goldberg 

and Arrhenius, 1958) and in the Barents 7ea clays the 

K20/Ba ratio appears to parallel the distribution of 

the K20/Rb ratio. Hence barium appe:ra to be enriched 

relative to K 2 0 in the 10 .2 material of the southern 

parts of the sea and to be relatively depleted in the 

north. 

Zirconium thorium, yttrium, lanthanum and cerium: 

The nature and distribution of these elements within 

the clay fraction of Recent sedirrients has not yet 

been thoroughly investigatel. In the i3arents 'a clay 

fraction, these elements show a mutual covariance but 

are not markedly enriched In the areas characterised 

by the presence of hydrogenous phases (the North East; 

chapter 10) or in the areas where an increed amount 

of organic carbon is Incorporated into the sediment. 

The distribution of these elements within the clay 

fraction bears no relation to their distribution 

within the silt fraction and their concentration 

appears to be broadly uniform with no immediately 

apparent relationship existing between their concen-

tration and the nature of the different mineralogical 

provinces. Consequently their use In discriminating 

between/ 



betwn different types of clay minerals appears to 

be limited. 

Appreciable amounts of Zr can be transported as 

negatively charged zirconate complexes or colloids; 

In the marine environment these complexes are either 

IDrecipitated or absorbed by colloidal particles and 

clay minerals (saxena, 1966). The association of 

hydrous oxides of Zr with the dispersed phases of the 

sediment has lon been recognised (l Wakeel and Riley, 

1958) and recently Glagoleva (1970) reports tlt 

betreen 25 - 50% of the Zr held in the fine clay frac-

tion of Recent Black Sea sediments c:n be extracted 

with weak organic acids. However the average Zr con-

tent of the separated Barents Sea clay fraction (131 

ppm) Is less than that reported by Hirst (1962b) In 

the finest sediment of the Gulf of Paria (169 ppm) 

and is considerably lower than the concentration 

observed by GlL;oleva (180 - 230 ppm) in the separated 

clay fraction of Black Sea sediments. Zirconium Is 

believed to be largely concentrated in the terrigenous 

fraction and the Zr/A1203  values show little variation; 

the ratio Increases slightly on the Bear Island - 

Spitsbergen Bank whereas the clays of the South West 

Coast are relatively depleted in zirconium. 

The average concentration of thorium in the 

Barents Sea clay fraction (18 ppm) Is slightly greater 

than the average Th content of 11 ppm reported by 

Ponov/ 
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onov 	(l9(5) for the cloys of th. edLont r 

roc; 	of the Russian Platform. Pliler and Adams 

(162) report an average Th content of 10 pm in 

Upper Cretaceous shale; these authors observed that 

thorium is intimately associated with the clay frac-

tion. Minor amounts of Th can migrate In solution 

and are theoretically precipitatechy the formation 

of Th (011 )4 in the marine environment (Drozdovskaya 

et al., 1968, cf. IBonatti et al., 1971). Processes 

of marked Th enrichment appear to be restricted to 

pelagic sediments (Goldberg et al., 1969; Church and 

BerLat, 1972). Different Th concentrations have been 

related to changes in clay mineralogy and Bernat et 

. (1969) have noted a markedly L.creased Th concen-

tratio. ",,hen illitic material is predominant. In the 

Barents Sea clays, the dstribut1on of thorium does 

show a broad relationship to the distribution of K 20 

and appears to he slightly enriched in the well-

crystalline 10 . material of the South West Coast. 

The average content of yttrium, lanthanum and 

cerium in the Barents Sea clays is 28, 67, and 121 

ppm respectively. La end Ce show much higher values 

than those previously reported for 'average shale' 

(34 ppm Y, 40 ?Li  La, and 78 ppm Ce; Haskin and Smith, 

1967), altLo,h '1aahov ank,  Girin (1969) report 

values for Recent clays similar to those observed in 

the Barents Sea. Lanthanum and cerium are evidently 

considerably/ 



con: :aly xiici ci in thc c1v :rtion of 

ments (Table 8.1). Processes of sorption and co-

precipitation appear to be important in the geoci;isty 

of these elements (Balehov et a].., 1971)9 but 	oir 

marked enrichment is restricted to the hydrogenous 

components of deep sea sediments (Goldberg and 

.Arrhenius, 1956; Bliakovaky et al, 1969; Bonatti ot 

a].., 1971). Copeland et al. (1971) have recently 

suggested that the clay-grade chlorites at Recent 

sediments adjacent to the Mid-Atlantic Ridge retain 

thn reculiar Ce and La concentrations found in the 

loc' tholeiitic asalts; this work suggests that the 

majority of Ce and. La is firmly held In the lattice. 

The content of cerium and lanthanu. ppeara to be 

sli1itly higher in the chioritic clays of the North 

East but when considered relative to A1203  or Rb 

there is no indication of a significant increase In 

the concentraL.. 	these elements in t.... ....... 
aXe 

The concentrat. ... 	La, cia, Y. Zr and mark- 

ably constant 1 choat the region studied; ti1 

uniformity can be only partially attributed to the 

insensitivity of the analyses (Appendix B) and the 

even distribution suggests that the detrital level 

of these elements in the different clay minerals of 

the Barents Sea is relatively constant. There is 

also no evidence to suggest their association with 

the non-lithogenous fraction of the sediment. It can 

be 	cluded that the examination of these elements 

is,1 



:L oi 1Litei uc ir te di;criTiiieti0Yi 01' driffer:n 

ty-,--i of clay minerals or in the analysis of the 

geochemical environment of shelf sediments. 

Lead: The concentration of Pb in Recent sediments Is 

extremely variable. Lead is not significantly enriched 

in the clays of the Barents Sea (average = 53 ppm) 

and cannot be related to the presence of organic 

matter as the peroxide treatment does not have any 

effect on the lead content (chapter 10). Lead migrates 

In river water as finely suspended terrigenous material 

and the theoretical possibility of Pb migrating In 

true solution is extremely limited, although It does 

appear that Pb can be absorbed in a limited way onto 

clay particles (Hirst, 1962b; Lu'echenko, 1970). Lead 

shows only a broad association with K 2 
 0 and appears 

to be slightly enriched In the Illitic clays of the 

south coast; it is less concentratec in the chioritic 

clays of the North East. Likewise the Pb/Pb ratio 

remains similar throughout the region and indicates 

that there Is little difference in the amount of Pb 

associated with the different 10 . material. 

Zinc (Figs. 8.8b and C.9): Zinc migrates In solution 

and as fine suspended material and recent workers have 

emphasise the importance of adsorption processes in 

determining t'lte distribution of zinc (Belova, 1970; 

Piper, 1971). However, within the clay fraction of 

the Barents Sea, over 95% of the total zinc is fIxl 

held by the lithogenous components (chapter 10). 

Zinc/ 
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Zinc (1'i. 6.9)  shows a marked degree of association 

with vie 2O3, particularly in the North East where increased 

zn/Rb ratios (Fig. 8.8b) clearly reflect the association 

of zinc with the Iron-rich 'northern chlorites'. 

Copper and nickel (Figsii
l 
. 8.10a, 8.10b and 8.11): Less 

than 5% of both the total .Cu and Ni concentration in 

the Barents Sea clays Is extractible with hyd.roxylaine 

hydrochloride and acetic acid and this figure is an 

order of magnitude less than the 40 - 80% reported by 

Chester et al.(1970)  for pelagic sediments. The bio-

genous associations of both these elements is well-

documented in the literature (Calvert and Price, 1971; 

Piper, 1971)  but very little of the nickel and copper 

Is lost during the process of peroxide treatment 

(chapter 10). These results suggest than an Insigni-

ficant amount of Cu and Ni is contributed by the blo-

genous components and that these elements are oredomi-

nantly lithogenous In origin. 

Both total nickel and total copper show a very 

strong relationship to the distribution of the MgO-Mn-

CaO rich clays of the south western region of the sea 

(chapter 7) where they are presumably associated with 

thesemajor cations in the distinctive clay mineral 

suite of this area (chapter 5). Of the divalent Ions, 

Ni and Cu are closest In size to ig2  whereas the 

larger Zn 	ion approaches the radius of iie2  (Goldschinidt, 

1954); the relative distribution of these trace elements 

can be seen to broadly reflect the distribution of the 

major/ 



major components. The distribution of Ni and the 

distribution of Cu are illustrated in Figs. 8.10a 

and 8.10b respectively. It can be seen that although 

the distribution of Cu. is very similar to that of Ni, 

the Cu/NI ratios are significantly hher on the South 

'Past Platform. The trace elements Ni, Cu and Zn 

define 3 istinctIve sutes; the Zn-ri.c ely of the 
Cu. and TLL-th c-La o

l 
 .the South We Coa 

North East,land the Cu-rich cays of the houth East 

Platform. Fig. 8.11 emphasises both NI-rich clays of 

the South West Coast and the two areas which are 

marked by the presence of clays relatively enriched 

In zinc; the North East and the northern part of the 

Western Trough, 

Arsenic: As much of the arsenic appears to be non 

lithogenous, ', e geochemistry of arsenic Is discussed 

with the geochemistry of P,..05  In chapter 10. 

2) Summary 

The minor element chemistry of the clay fraction 

can be related to the distribution of the major ele-

ment components and to the mineralogical composition 

of the sediments. The elements Sr, Rb, Ba, Th and Pb 

appear to be associated with K-bearing 10 2 material 

and the relative concentration of both Rb and Ba can 

be used to differentiate different types of Illite. 

In addition, the clays of the South West Coast appear 

to have slightly greater values of Th and Pb, whereas 

Zr is slightly enriched on the Bear Island Spitsbergen 

Bank. Zinc shows a notable association with the 

distribution/ 
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distribution of Fe2O3  and is clearly enriched in the 

chioritic clays of the North East, whereas both NI 

and Cu are more closely associated with MgO and are 

enriched in the distinctive clays of the South West 

Coast. The enrichment of Cu extends onto the South 

East Platform. 
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CHT• 	9 

TH71  SOURCE AND THE DISPERSAL OF THE SURFACE SEDIMENTS 

9.1 INTRODUCTION 

Various approaches have been adopted in the 

examination of shelf sediments and recent research 

on the continental shelves has involved studies of 

the movement of bottom currents, changes in sediment 

texture, variation in mineral composition and the 

nature and distribution of suspended material. One 

of the most comprehensively studied areas is the 

continental shelf of the north eastern United States 

where textural and mineralogical studies have been 

integrated with bottom current measurements to deline-

ate the active redistribution of Pleistocene debris 

(James and Stanley, 1965; Stanley, 1968; King, 1969; 

Hulsemann, 1971). Emery (1965) suggeted that glacial 

Pleistocene bank deposits constituted a much greater 

source of Recent detritus than that supplied directly 

through continental run-off and this has been con- 

firmed by the 	the suspended matter in the 

water column. Thus he quantity of Inorganic sus-

pended matter _J-7 found to be an order of magnitude 

greater than the overall contribution from the rivers 

(pencer and Sachs,, 1970). This illustrates the im-

portance of the resuspension of bottom sediments and 

their subsequent dispersal from source areas. The 

Jfiesnce of episodic events, such as the generation 

of/ 



of lon, eriod waves and phenomena associated with 

violent storms (Curray, 1960; High, 1969), must be 

considered along with the continuous effect of the 

permanent circulation. Such episodic events are 

known to cause the resuspension of fine bottom sedi-

ment (Rodolfo et al., 1971),aswell as the more 

localised transport of coarser-grained material 

(Poatma, 1966; Wolf, 1970; Reineck fl( r.L1h 1972). 
storm 

It has been estimated thrt periodi: 	activity 

on a northwest European continental shelf could 

erode muds at depths of 150  metres on three days a 

year (MeCave, 1971) and it is believ:d that suspen-

sion by internal waves is the most Important mechanism 

of transport operating over the outer parts of the 

continental selves (Beer and Gorsline, 1971). This 

active reworking of Pleistocene debris on glaciated 

shelves Is thoroughly documented In the litarature 

(Creager, 1963; V'enstra,.1971; Holtedahi and Sellevol, 

1971) and can reach such extremes that In some areas 

all blanketing material has been removed lvIng areas 

of exposed bedrock (Loring et al., 1971). 

The analysis of separate size fractions to support 

provenance studies on the continental shelves has 

been largely restricted to the sand fraction and the 

study of heavy minerals (Kienova, 1960; Van .Andel, 

1964; Davies and Modne, 1970), Any detailed mineral-

ogical studies of the silt and clay fraction appear 

to be confined to deep sea or oceanic sediments 

(BI acaye/ 



(%iscaye, 1964;  Heath, 1968; isidu et al., 1971; 

Venkataratham and Ryan, 1971;  Stoffers and Muller, 

197). :;ton 	i.ee1 (1969)  have suggested that 

minor elemouit analyses may help to confirmand to 

amplify these studies. In the present research, the 

patterns of sediment dispersal are examined with 

reference to the observed textural and compositional 

variation of the surface sediments, and with reference 

to the known water movement. The lack of detailed 

Information on the nature and strength of the bottom 

currents, and on the distribution of suspended matter, 

Is partially compensated by the increased discrimina-

tion established by the chemical and mineralogical 

analysis of the separate size fractions. 

Thus an examination of the sources and modes of 

dispersal of the various components of the Barents 

Sea surface sediments involves an integrated study 

of the different compositional features of the sedi-

merit. It has already been shown (chapter 6) that the 

compositional variation of the sediment is determined 

partly by the strength of the bottom currents, and 

partly by the nature of the source material; the 

chemical analysis of the terrigenous material has 

clearly defined this compositional variation. 

9.2 COMPOSITIONAL VARIATION AS A REFLECTION OF REGIONAL 

CHANGES IN TIT-'  rNERGY OF THE' DEPO:.ITIONAL ENVIRONENT 

I. 

The character of the grain size distribution of 

the/ 



the sediment, aria certain broad Ieatres of ii miner-

alogy and chemistry, reflect the nature of the depos-

tional environment. There are four principal areas 

dominated by the presence of coarse-grained deposits; 

the South West Coast, the 3outh East Platfori, the 

Bear Island - .. pitabergen Bank, and parts of the North 

East. These regions are characterised by an abundance 

of coarse, polymodal sands and are depleted in fine 

silt and clay; with the exception of the South West 

Coast, they occur on the shallower banks uri:. platforms. 

The texture of the sedi:ts becomes increasingly fine 

away from these regions and the inest silt and clay 

is concentrated in the ueeper basins of the Western 

Trough and Central Depression. The texture of the 

sediments clearly bears a direct rci tionship to the 

bathymetry and to the distribution of the principal 

currents. Hence the south West coast is exposed to 

the maximum. influLcc of the Atlantic water as it 

moves eastwards (the North Cape Current), erie in a 

similar way the material on the Bear Island - Spitsbergen 

Bank and the South East Platform i: swept by the flear 

Island and Lurman Currents respectively. There is 

evidently a continual gradation in the current strength. 

The influence of bottom curi.xis is least pronounced 

in the deepest parts of the Western Trough and Central 

Depression and these areas are characterised by the 

deposition of the finest suspended matter. 

Certain mineralogical features of the sand and 

silt/ 
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silt can also be attribLb 	to the strength of the 

bottom currents. The concentration of heavy minerals 

is greatest in the areas of coarse sand; such areas 

also tnd to be enriched in quartz and relatively 

depleted in felspar, micad chlorite. 	hese features 

are reflected in certain aspects of the chemistry, 

notably the uitribution of A1203/si02  ratios and the 

distribution of Zr. Other studies of shelf sediments 

have euggestsd that ai enrichment in heavy minerals 

indicates a situation of strong current activity 

(iyne and Goodell, 1967) and in such environments a 

relative depletion in the abundanc of mica is commonly 

observed (Adegoke and Stanley, 1971). 

The energy of the depositional environment is 

controlled by the strength of the bottom currents and 

imparts a certain extural control on the mineral 

composition. This neceitates the moie thorough 

examination 01 e mineralogy before It is possible 

to recognise mineralogical variation that arises 

from changes in the nature of the source material. 

9.3 COMPOSITIONAL VARIATION AS A 'REFLECTION OF REGIONAL 

CHANGES IN THE NATURE OF THE SOURCE MATERIAL 

The land areas that border the outhern, eastern, 

and northern parts of the Barents Sea are geologically 

distinct. HIh-Crade metamorphic rocks, predominantly 

Archeen gnelsses and Caledonian inica-schists, form 

thc,' 
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the southern borci.er  of the sea. In the east, .ovaya 

Zemlya is composed of mildly metamorphosed Palaeozoic 

sedimentary rocks. The Islands of the Franz Joseph 

Land archipelago in the LLh east are predominantly 

Upper eeozoIc and 2ertir; basalts whereas in the 

north west, Spitsber.e is composed of sedimentary 

roc. ranging In age from Palaeozoic to Tertiary. 

These rocks, and the Palaeozoic and Triassic sedimen- 

tary rocks of the Bear Island - Spitsbergen Bank, are not  

metamorphthsed. Although It is not unreasole to 

assume that these dIfferciit rock types represent the 

ultimate source of the terrigenou ::terial, much of 

the Recent sediment on high latitude shelves appears 

to be derived from the active reworking of Pleistocene 

glacial and fluvo-glacial deposits 	ery, 1965; 

Swift, 1969); this process has undoubtedly been opera-

tive In the Barents Sea shelf (Kienova, 1960; Dither, 

1968). Hence it i likely that a large part of the 

Recent sediment represents material that has been 

recycled and it can be anticipated that such a situation 

encourages homogeneity In mineral composition. 

The influence of the geology of theneIg1iboring 

landmass is most apparent in the varying composition 

of the heavy minerals and rock fragments. Many features 

of both the clay and silt mineralogy also suggest the 

presence of Important differences in the nature of 

the source uterial. The significance of textural 

variatioi., on the mineralogical composition of the 

silt/ 



TABLE 9.1 

THE CHEMISTRY OF COARSE AND FTh SILT 

REGION GRAIN SIZE STATION A1203/8102  20l223  Mg0/Al 3  FeQ3Lg0 23 ma/A1203  Ni/A1203  

Fine  EH 42 114.6 16.7 17.5 176 0.54 0.63 0.13 
South West Coast Coarse EH 14.0 15.5 17.9 17.7 153 0.50 0.61 0.16 

Fine Eli 62 15.14. 19.7 15.14. 154 0.39 0.73 0.18 
Central Plateau Coarse Eli 63 14.4 20.3 15.7 173 0.41 0.67 0.17 

Fine Eli 68 14.1 21.1 11.1 200 0.47 0.64 0.14 
South East Platform Coarse Eli 66 13.6 19.8 11.9 177 0.59 0.71 0.15 

Fine EH 76 16.7 18.3 6.2 271 0.36 0.80 0.12 
North East Coarse Eli 78 16.1 18.7 7.6 325 0.33 0.81 0.12 

Fine EH 720 14.1 15.6 21.2 143 0.34 0.55 0.20 
Bear Island Bank Coarse ER 33 13.9 1.2 21.9 151 0.35 0.62 0.24 

All values x 102 



silt has been previously discussed (chapter L; Table 

5.2). diid1ari', in Table 9.1 certain element ratios 

of the coarse end fine-grained silt samples from one 

region are compared with Le ratios of samples taken 

from other areas. It is clear that textural variation 

is of relatively minor importance and that regional 

difi;nCeS in silt chemistry, and hence mineralogy, 

occur independently of the grain size. 

.he existence of 3 petrographically distinct 

provinces has been recognised on the basis of region-

al changes in terrigenou ineralogy and chemistry. 

Thus the areas of the South est coast, the Bear 

Island - Spitsbergen Bank, and the North East are 

clearly differentiated and can be considered as 

representative of different sourceb . Recent sediment. 

The most distinctive features of these areas have 

been described in the precEeding chapters and are 

discussed below. 

1) The South West Coast: Both the heavy miner.ii content 

and the nature of the rock fragments are consistent 

with a metamorphic source composed of acid gneisses, 

amphibolites and mica schists. Large green amphi-

boles are predominant in the heavy mineral fraction. 

ithin the silt fraction, the Leispars are dominantly 

alkalic although some admixture with possible plagio-

clase varieties Is apparent in the Norb Cape region. 

The chlorites are distinguISbCLbY a strong basal 

(001) relection, and the minor amounts of mica are 

considere4/ 
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weak (002) reflection at 52. There is a aotable 

abundance of rnrphibole, These features :ie apparent 

in ti 	ajor element chemistry of the silt which 

shows a very distinct enrichment in non-carbonate 

CaC, MgO and Tn. The silts have hih K20/Rb ratios 

and, as mica io not abundant here, this ratio sug-

gests an unusual felspar. The clay mineral suite is 

clearly defir 	by t. bundance of well-crystalline 

10 2 material with a pronounced (001) reflection, 

anu the presence of a well-crystalline variety ci 14 

2 chlorite. The occurrence of clay-grade amphibole 

was also noted. These clays are enriched in CaO, 

MgO and Mn in a similar way to the silts. They also 

show distinct T102  /Al 203  ratios and Lhe 10 .2 material 
can be distinguished by a high value of Rb and Ba 

relative to the content of K20. Ni and Cu are clearly 

concentrated in tho clays of this region. 

2) The Forth East: The heavy mineral content and the 

nature of the rock fragments suggests the derivation 

of the coarse-graii ad ii,,aterial from mildly metamorghosed 

sedimentary rocks. Epidote and fragments of slate are 

abundant. The silt fractions are characterised by 

greatly increased concentrations of felspar but show 

a marked decrease in the relative proportion of alkali 

felspar. The distinctive nature of the feispars is 

confirmed and amplified by low K20/,Al203  ratios and 

by/ 
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by high silicat€i-La0/L20, d20,, 2L, an 	/iW values 

in the silt fraction. A maximum K20/Rb ratio is 

observed in these silts and the presence or a c'lstin-

etive Ba-rich felspar is suggested by the high Ba/A1203  

values; the high e2O3/Mco. ratio suggests thu presence 

of an iron-rich chlorite or mica. The salient features 

of te clay mineralogy are the abundance of poorly-

crystalline 7 2 material and the relatively reduced 
amounts of 10 2 clay mica, which iu similarly poorly-

crystalline with a strong development of the (002) 

reflection at 5 2. These chioritic clays are conspi-

cuously enriched in Fe203  and the high Fe203/MgO values 

distinguish these clays from those on the South West 

Coast. A similar enrichment in Zn is apparent. In 

the 10 2 material, the K20/Rb rati .i considerably 
greater than that found on the south West Coast. 

3) The Bear Island- Spitergen iak: The uninetamor-

phosed sedimentary origin of the rock fragments and 

heavy minerals is immediately aprent, with predomi-

nant shale and calcareous siltatone fragments and an 

abundance of heavy carbonate mineral aggregates. The 

felspar,,; of this region are an alkalic variety an:i 

appear to have a conspicuously low K20/Rb ratio. The 

silts show unusual concentrations of Th, Y. La and Cep 

and the presence of a mineral phase relatively rich 

in Ni, Cu and Zn is also noted. The ulatinctive clay 

mineral suite is characteri 	the presence of 

illitic rorial showing a weak and diffuse 10 2 reflection 
and/ 
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anci. a doininmt (0u2) iefi tio a; 	. 	character 

of the minor amounts of poorly crystalline 7 2 chlor-

ite resembles the material found in the North East. 

The unusual nature of the 10 2 material is confirmed 

by the high A1203  and K 2  0 content and the prominent 

K20/Ba and K2Q/Rb ratios. The close correlation of 

Pe20 and MgO in this area, and their mutual covaance 

with K20, is distinctive and, suggests that they are 

either associated together in the 10 . mineral, or 

that the proportion of illite and chlorite is remark-

ably constant. The clays have a low TiO2/1U203  ratio 

but are enriched in Zr. 

The sediments on the South East Platform are 

coositionally similar, in many respects, to the 

sediments found along the South eat Coast. However, 

in the silt fraction, the increased abundance of 

alkali felspar is distincJve and is well-illustrated 

by the high values of K20/Al203  and by the low 

K20 ratios; the K20/Rb values suggest that tn 

tent of this alkali felspar is considerably less than 

that found on the South West Coast. The MgO-CaO-Mn 

assemblage is much less conspicuous in both the eit 

and clay fractions of the South East Platform, and 

the clays show higher Cu/Ni ratios than those found 

elsewhere. 

In the remaining regions, the coii.o±t1Ofl of the 

sediments reflects the influ'nca cf one or more of 

the 3 major provinces. The influence of more than 

one/ 
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one QPOViXIC0 i noble ij,,Lcertein areu, p 	icu- 

larly in the -estern Trough and Central Depression 

where the sediments can be seen to have a mixed 

paren e. 

9.4 TRANSPORT PATHS AND THE PATTERNS OF SEDIMENT 
DISPERSAL 

It is clear that different mechanisms of sedi- 

ment disperse will 	operative in the different 

grain-size classes. The locally derived nature of 

the heavy minerals and i:1 fr nents, in the Barents 

11- ea, au:ests that the coarsest sedLentary materials 

may not be transported for long distances. Moore 

and Curray (196L1.) suggest that the episodic effect of 

storm activity will result, In time, with the net 

movement of fine sand and coarse silt over consider-

able distance. Undoubtedly suspension, as an effec- 

tive mechanism 	transporting sediment over long 

distances, becomes increasingly significant In tie 

finer size-classes of the silt and certainly controls, 

the distribution of the clay fraction (Ewing et al., 

1971). A mean diameter of approximately 10 microns 

has been observed in the inorganic suspended m tens]. 

of the Californian shelf (Beer and GorslIne, 1971). 

Once in suspension, the transport of fine sediment is 

controlled by ti current pattern and the density 

stratification In the water column (Drake et a].., 1971). 

The idespread persistence and the well-defined nature 

of certain grain-size modes is a remarkable feature 

of/ 
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of u:r 	 ::L 	eicj 	 of 

the Barents 2"a. It is suggested that those modes 

represent sub-populations determined by different 

tranaort mechanisms. The saltated population (Mode 

C; 3.0 - 3.5phl) is predominant in most sandn. In 

the areas of raxiium current energy, the sands are 

omlnated by the presence of coarse particles between 

2 - 3 phi (Mode A and Mode B) which are believed to 

represent sub-populations transported by surface rol-

ling or creep (Visher, 1969). Mode D (3.5 - 14.0 phi) 

represents the finest sand and coarsest silt and thJs  

population is capable of local transportation In 

the suspended state (Visher, o).clt.). It reaches 

its maximum concentration along the ecies of tho 

principal banks and regions of coarse sands. The 

movement of this material away from the areas of 

coarse sand is evident in a number of traverses where 

the decreasing significance of Mode A and Mode B can 

be contrasted with the lIe reasing significance off 

Mode P. The finest silt (Mode 3) represents sediment 

which can be carried in suspension for considerable 

distances (Beer and Gorsilne, op.clt.). It becomes 

increasingly concentrated in the sedionts found, 

for example, in a traverse from the region' ond 

development in the South West, across the Central 

Plateau and towards the Western Trough. A similar 

situation can be seen across the South East Platform 

and towards the Central Depression, and from the 

extreme! 
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€:r 	£crti a 	L. a 	y uirc 1üi. 	is 

thought that ifferential settling of clay material 

18 insignificant in the dispersal of the clay fraction 

in the 'arents Sea (cf. Van Andel and Postma, 1954); 

the clay materiii in the North East is slightly 

coarser than elsewhere which eciuces derivation of 

these chloritic clays from the south 'o.y r$ifferential 

settling. Separation of coarse and flx±e clay (Appendix 

D) also emphasises tl t chlorite Is concentrated in 

the coarser fract1ox. of the clay. 

The examination of Le:•tura1 variation has sugges-

ted the movement of material away from the areas of 

coarse sand; additional information Is available by 

studyiii& the extent of influence of the different 

petrographic provinces (Fig* 9.1). Thus the distinc-

tive mineral suiteE of the sand, silt and clay frac-

tions found along the South West Coast all extend away 

from the coast 	a pronounced lobe towards the Central 

Plateau. The petrographic features of this silt 

fraction are most prominent on the southern banks of 

the Central Plateau whereas the clays of the South 

West Coast extend into the depositional basin of the 

southern parts of the western Trough. In this latter 

area, the clay mineralogy is dominated by well-crystal-

line 14 2 chlorite and 10 2 mica, and is very si;iilar 

to that found CT '.he South West Coast. The characteri-

stic Ti02/A120.7  values and the distinct K20/Rb ratios 

coniir'. that this material is entirely different from 

that/ 
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PETROGRAPHIC PROVINCES IN THE SURFACE SEDIMENTS OF 

THE SOUTHERN BARENTS SEA 

A. SILT FRACTION 

B. CLAY FRACTION 
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that fou 	in the cly frection of th 

Bear Island Bank. The Influence of these southern 

clays Is not however predominant in the north eastern 

parts 01' the Western Trough where 7 2 chlorite Is 

poorly crystalline and th€ illitic material iiae a 

diffuse 10 2 peak but a strong (5 2) reflection. 
The:e clays resemble the material found in the North 

East and this Is confirmed by their conspicuous en-

richment In Fe203  and Zn, and by en Increase In the 

K20/Rb ratio. some of the features of th ilta In 

the north eastern part oW the Western Trough show a 

similarity to those In the North East and the high 

Fe203/MgO values suggest the presence, in both areas, 

of iron-rich mica and/or chlorite; however, the dis-

tinctive feispars of the North Ee do not appear to 

be present and, In most respects, the silts found in 

the Western Trough resemble the xterial seen on the 

adjacent Bear Island - Spitsbergen Bank. Thus a low 

K2  0/1b ratio -ind a peculiar enrichment of ce aIn 

trace elements (Th. Y, La, Cep 1i, Cu and Zn) is 

common to the silts of these two areas. The sediments 

in the depositional basin of the Central Depression 

also reflect a mixed parentage and appear to share 

some of the compositional features of the North East 

with those of the South West Coast and South East 

Platform. The influence of the silts ef the 5outh 

West Coast Is evident in the es tern portion of the 

Central :preseion where this basin merges into the 

Central/ 



of the South cat Platform penetrate into the area 

from the south. The considerable influence of the 

peculJ r felapars of the North East is shown by the 

enrichent of D in these silts and the prominent 

and ha2 /K 2C valueso 	ciLy fraction in the 

sediments of tile Central Depression also shows the 

influence of a iixed )arentage but is dominated by 

the presence of thc. 	oli-rich, 7 2 chioritic clays 

of the North East. 

This pattern of sediment dispersal is compatible 

with the information available on the movement of 

bottom water. The texture of the sediments found along 

the outh West Coast sugets the presence of strong 

bottom currents; it is evident froii ne temperature 

and salinity roiiJ.ea that - his is Atlantic water and 

the sediment texture suggests that it decreases in 

velocity as it oves in a north east direction across 

the Central Plateau where active silt deposition appears 

to take place. The cyclonic circulation may carry 

the finest suspended material from the South West 

Coast into the Western Trough nc1, in a similar way, 

the movement of water across the South East Platform 

appears to carry silt and clay into the Central 

Depression. The sharp delineation of the clays of 

the Bear Islant - :pitsbergen Bank from those in the 

adjacent '.estern Trough can be attributed to the 

web crJ flow of the cold Bear Island current which 

carries! 



carries the finest material from this ban.:K. into the 

Greenland Sea. It is suggested that the northern 

clay fades, and some fine silt-mica or chlorite, is 

introduced into the north eastern part of the  

Trough by this current. Most of ti;c coarser-grained 

sediment in this basin appears to be derived from 

the ear Island region by the movement of coarse 

materiel down the steep Bear Island slope. The unique 

grain size frequency distributions of the deposits 

found along the base of the Bear Island slope (TH 56; 

Fig. 4.8), and the presence of :Lo]. carbonate debris, 

suggests that slumpind of bank deposits may be signi-

fleart. 

The distinctive mineralogy four' in the sediments 

of the North East appears to reflect a nixed parentage 

with the presence of sedimentary rock fragments con-

trasting with an obundance of plagioclase. An increased 

concentration of feispars hag been noted by Kienova 

(1960) in the extreme northeastern oarts of the Barents 

Sea and It can be assumed that the influence of the 

Tertiary basalts of Franz Jeeoh Land contribute 

notable amounts of plagioclase; plagioclase is also 

a common component of mildly met orphoied sedimentary 

rocks. It Is known that the cold water mass which 

penetrated Into the southern parts of the Barcnts Sea 

(the 'l\orth East' of *O erea examined in this teis) 

Is partially derived from the continental run-off of 

the Ob and Yennisey (Gorehkova, 1966; Garcia, 	9) 

and/ 
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and the Qreence o abuiL. 	line 	 tter can 

be anticipated, 	uch long distance transport c fine 

silt and clay within a distinct water mass is not 

unusual (McManus et al., 1969). In the absence of 

data on the suspended latter s, it is not yet possible 

to examine this question more thoroughly* 

The continue], redistribution of sediment as a 

response to the active water circulation may be 

modified by the occasional ep1so.c event, and by the 

instability oi. certain aspects of the circulation. 

Such features are apparent from the stratigraphic 

record of the sediments and are discussed in relation 

to the post-Pleistocene history of the Barents Sea. 



CHAPTER TEN 



THE GEOCHEMISflY OF TKE MOBILE ELEMENTS IN THE SURFACE 

SEDIMENT 

10.1 INTRODUCTION .AND METHODS OF SAMPLE TPEATENT 

It has already been shott the major part of 

the sediment chemistry is associated with the tern-

genous fraction of the Barents Sea sediment. Most 

studies of ti: non-lithogenous fraction of Recent 

sediments have been limited to organic-rich muds or 

to pelagic red clays; It is more difficult to assess 

the role of blogenous and hydrogenou phases In the 

dominantly detrital chemistry of shelf sediments. 

The examination of the hythogenous phases was 

facilitated by the leaching of clay fraction samples, 

and some total-sediiient samples, with a solution of 

1 M - hy'droxylamlne hydrochloride and 25; (v/v) acetic 

acid, This treit.ent has been applied to deep-sea 

sediments where it has been shown to dissolve most of 

the ferromanganese and carbonate inerals and to 

extract absorbed trace elements; It does not appear 

to attack the $ilicate lattice (Chester and Hughes, 

1967),, 	similar conclusion has been reached by Turner 

(1971) in his work on the shelf sedL;ents of the Kara 

Sea. Suitable aliquots of the leached solution were 

analysed for Fe, n, n, Cu and Ni, using atomic 

absorption spectrohotometry (Table lo.i). A corn-

panicr. of the analyses of treated--,Yid untreated 

clays," 
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TABLE 10.1 

EXTPACTIBLE METALS IN THE BAR.,,~YT3 SA CLAY FRACTION 

I M-hydz'oxy]amine hydrochloride/25A (v/v) acetic acid extraction 

of 64 surface samples. 

XTRACTIBLE 	 COEFFICIENT OF 
AVERAGE 	RANGE 	% EXTRACTIBLE METAL 	 VARIATION 

)-Fe 0.58% 0.08 - 2.11% 6.3 4.6 
)-Mn 75 ppm 18 - 264 ppm 8.9 10.4 

)-Zn 5.5 ppm 0.25 - 17.3 ppm 2.2 19.4 

)-Cu 4.4 ppm 0.4 - 13.4 ppm 4.6 10.4 

)-Ni 3.5 ppm 1.1 - 	7.9 ppm 4.2 19.4. 

Precision of the analytical method expressed as the Coefficient 

of Variation 



iuii iu. 

THE EFFECT OF PEROXIDE TREATMENT ON THE CHEMICAL COMPOSITIOI OF THE 
CLAY FRACTION 

SURFACE SAMPLES VALUES IN PPM 

ELEMENT Pb 	As Zn 	Cu Ni 	Ce Ba P 2  0 5 S fl-Fe 	D-Mn 	fl-Zn 	D-Cu 	fl-NI 

Average value of clays 
separated using 11202 46 	24 216 	73 79 	128 6114. 3900 2140 5100 	60 	7.14. 	14.3 	3.2 

Average value of sub-samples 
44 	22 220 	914. 92 	114.3 655 2100 560 5900 	52 	4.0 	2.5 	3.6 separated wi&notr& use or 

No. of samples 	 7 	7 	7 	7 	7 	5 	5 

Coefficient of variation 
for these analyses 	 1.6 	3.14. 	0.7 9.3 	5.5 14.8 	2.8 22 

Coefficient of variation 
of the analytical method 	7-10 7-10 2-5 7-10 5-7 12.5 5-7 5.0 

SAMPLES AT 25 - 30 ems 

7 	7 414 14 14 14. 

30 7.1 	7.1 29 26 5.7 

8.0 4.6 10.4 19.4 10.4 19.4 

Treated clays 36 15 198 75 86 

Untreated clays 35 16 2014. 99 83 

No. of samples 5 5 5 5 5 

Coefficient of variation 
(Analyses) 1.2 2.8 1.3 1.5 1.7 

Coefficient of variation 
(Method) 7-10 7-10 2-5 7-10 5-7 

3100 150 

2000 390 

5 5 

18.5 48 

5.0 	8.0 
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trt-

ment has no consistent influence on the concentration 

of the major extractible elements and any variation 

Th11L,. ,'ithin the broad precision limits of the analyses. 

Slightly increased amounts of Zn and Cu are extrac-

tible from the treated clay. ?"e highest concentration 

of extractible metals is found in the clay fraction 

and it is clear that the non-detrital chemistry of 

the clays closely reflucts the overall non-detrital 

chemistry of tLc untreated total sediment (Fig. 12.5; 

chapter 12). An estimate of the overall precision of 

the method was based on the extraction and analysis 

of six sub-samples and is expressed as the coefficient 

of variation (Table 10.1). The analyses of Mn, Zn, 

Cu and Ni are considerably less precise than the 

analyses of iron; the low concentration of these 

elements relative to irorL at the dilutions examined 

(approximately 1 	100 for Mn, and I : 1000 for Zn, 

Cu and Ni) is responsible for this poor precision. 

The significance of the 1jjoenous control on 

the incorporation of major and minor elements into 

the sediment can be assessed by noting the chemical 

effect of peroxide treatment. The organic components 

of the sediment are oxidised by treating the sample 

with a 5% solution of hydrogen peroxide (Douglas and 

Fessinger, 1971). This breakdown of the labile 

organic matter releases any elements that are intimately 

asseciated with organic materials, and is exemplified 

by/ 
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iiiu :JJ 	 L.. Lr. L:L 	 Jic, 

800 ppm in the untreated total-sediment to an unde-

tectable level in the treated size fractions (Table 

8.1). A number of clay fraction sub-samples were 

separated without_ the use of 11202,  and the chiiical 

composition subsequently compared with the composition 

of the treated samples (Table 10.2)e it can be anti-

cipated that the levels of any biogenously associated 

elements in these open shelf sediments will be very 

low (first, 1962a and b) and their detection will be 

lImited by the precision of the analyses. The confi-

dence limits of these analyses are included in Table 

10.2, It was noted that, when centrifuged, untreated 

clay samples frequently separated into a fine-grained, 

dark component and a much more abu.n. 	coaree-grained 

yellow-brown component. It is likely that the maxi-

mum content of organic material is esent in the fine, 

dark fraction and these two components were separated 

and analysed; variation in their che:Ical coiupoitIon 

may add further Information on the biogenou.s control 

on the incorporation of minor elements into the 

sediment. 

The methods of sample preparation and analysis 

are more fully discussed in Appendix A and B. 

10.2 ELEMENTS ASSOCIATED WITH THE BIOGTNOtJS 7RACTION 

OF T!iE SEDIYEiT 

The distribution of ORGANIC CARBON has been 

discussed/ 



djcuseci in chapter LI and is i1lutrated in .g. 

4.16. The incorporation of organic matter depends 

on the organic productivity a6 its ultimate source, 

and on tIc depositional environment of the sediment. 

The 'rcJ relati. 	J. of C.org  to the wt* 	of clay 

(Fig. 4.17) indicates that the maximum incorporation 

OI 	anic matter occurs in areas of fine-grained 

sedimentation (Loring et al., 1970; Hulaemar.n, 1971). 

In the northern partEi. 	e area studied, C.org  is 

to some extent lndepei e 	.f the grain-sib: and high 

values of organic car 
	found in relatively 

p  
coárse-grained deposits. These higher values may 

reflect the greatly increased rates of organic pro-

ductivity which are found in the region of the polar 

front (Zenkevitch, 1963), 

sulphur was determined by Y,,-ray emission spectroscopy 

on selected clay fraction samples, and shows no 

marked concentration in the surface clays. Over 50% 

of the sulphur is lost during peronide treatment 

(Table 10.2) giving a background level of 200 - 300 

ppm sulphur in the treated clay fraction. The exis-

tance of micro-reducing environments is occasionally 

indicated by the presence of minute pyrite spherules 

within shells and foraminiferal tests (Iliesseet 

1971) and the lower sulphur content of the treated 

samples suggests that the mild oxidation releases 

some of this reduced iphur. However, there is no 

evidence o euggest widespread reduction of sulphate 

(cf./ 
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(cf. aplti etal', 1:.; 	tiie 	is ciriy no 

build-Lip of reduced pt,  sl lphu.x' within the sediment 

(chapter 12). These I .U58 suggest that the organ-

ic material 13 not being actively combusted and tha6 

there is no oxygen co111cit within the surface seUront. 

Most MINOR iLLMEWS are greatly concentrated in 

the li.enouS fraction and It Is difficult to assess 

their degree of association with organic matter. 

Iodine i, however, exclusively associated with the 

biogenous fraction and the concentration of this ele-

ment can be corfidently related to the character and 

distribution of organic matter (Trice et a]., 1970; 

Ryazard and Pas].awska, 1970). The internal precision 

of the iodine analyses (Table 3.1) is good. t the 

concentrations normally encountered (rble 8.1). 

Below 100 ppm, the analytical control becomes increas-

ingly insentive and the precision is correspondingly 

poorer. This constitutes an Important limitation when 

discussing certain aspects of the eochemIstrY of 

Iodine. The concentration of iodine ranges from less 

than 100 ppm In the sediments of the south 	t to 

more than 00 ppm In the Central Depression and parts 

of the Viestern Trough (Fig. 10.la). :ho close overall 

association of iodine with ornic carbon can be seen 

in the plot of iodine against C.ox'g (Fig. 10.2a). 

The i/C ratio reaches values greater then 350 (x io) 

in the sediments 01 	[esterri Trough, Central 

Depression and parts of the North 	t, whereas It Is 

frequently/ 



FIGURE 100 

A. DISTRThUION OF IODINE IN THE SURFACE TOTAL-

SDITT SAMPLES OF THE BARENTS SEA 

B. DISTRIBUTION OF IODINWORGANIC CARBON RATIOS IN 

THE SURFACE TOTAL-SEDIMENT SAMPLES OF THE BARENTS 

SEA 





QIIRE 10.2 

A. ORGANIC CARBO. 'iL IOLIJ RLTIONSHIP IN THE 

SURFACE TOTAL-SEDIMENT SAMPLES OF THE BARENTS 

SA 

13, PHOSPHORUS AND ARSENIC RELiTIONSHIP IN THE SURFACE 

TOTAL-'SEDIMENT SAMPLES OF TT BARENTS SEA 
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frequently less than 250 (x I o) elsewhere (pig. 

10.lb). These results confiri the earlier findings 

of Price ct al., (1970) who have suggested that the 

iodine content, in the 0 - I :;in section of the surface 

sediment, depends on the ielity of the organic matte' 

which Li turn 1 	dcjtscn the residence time of 

the organic matter before banal. The iodine content 

ca 	us be considered as a function of the sedimen- 

tation rate. In areas of slow sedimentation the 

organic component can be partially degraded before 

burial and comparative]. Jw values of I/¼j occur in 

areas of low sedimentation rate, e.g. the Central 

Plateau, along the South ',,"lest UoasL, on the Bear 

Island - pitsbergen sank and the South East Platform. 

Much greater error is involved in determining the iC 

ratio in these areas where both iuuie and organic 

carbon are present at low coneentrutions (less than 

100 ppm Iodine and 0.5 C.org). Nevertheless, the 

values in such are -.s are consistently greater than 

the I/c values commonly encoun.terL in the sub-burface 

sediments (Price et al., op.cit.) which suggests that 

the extremes of non-dc :c.:. 	or the active erosion 
are 

of pre-existing deposi 	et taking place. Tie 

high I/c values of the VieL -Lei%a Trough, in the iorth 

East, and especially in the utral Depression, 

suggest the relatively rapid incorporation of organic 

matter which is in agreement with the textural and 

mineralogical stucLieb. The 	L'C ratios indicate 

that / 
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on the incorporation of iodine in the Central Depression 

and in parts of the Western Trough and North East; 

here, If anywhere, a biogenous control on the incorpora-

tion of other trace elements might be found. Decaying 

orp;oni.; matter has been conside.i to act as a strong 

scavoier of trace metals and many elements are known 

to be concentrated in organic-rich muds. The marked 

enrichment of id, Cu, Lfl and Pb in such environments 

is well-documented in the recent literature ("off, 

1970; Calvert and Price, 1>71;  Piper, 1971). No 

Trace elements appear to be closely associated with 

organic carbon in the Barents ea sediments. Some Ni 

and Cu in the clay fraction is consistently lost on 

peroxide treatment which may suggest that minor amounts 

of these metals are released on mild oxidation, but 

any chemical vriation between the. tree ted and untrea-

ted samples falls within the precision of the analyses 

(Table 10.2). Copper is the only trace element d'.-owing 

a significant enrichment in the Line, black organic 

fraction of the cimy (.Appendix ). It is concluded 

that the direct organic control on the incorporation 

of trace metals into the Barents Sea sediments is 

quantitatively unimportant and cannot be -recognised 

as significant. The relevance of carrying out chemical 

analyses on sep4r0te size fractions is important in 

this context. In the past some authors have assumed, 

on the basis of their close overall correlation, 

that/ 
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that a geociiei;i 	iohi 	its between C org 

and many ti-ace elements. This could be unfounded as 

the organic carbon content is often strongly dependent 

on the proportion of clay In the sediment (Fig. 14.17) 

and it is tne lat;ex 	etor, and not necessarily the 

C org content, which determines th concentration cf 

many or the minor metals. In the Barents Sea, the 

active circulation and the well-oxygenated con.itIona 

found in the water column, combined with the relatively 

low rates of sedimentation, appear to encorge the 

maximum combustion of organic material in the water 

column and on the surface of the sea floor and not 

within the sediments i1he situation on an open shelf 

Is very different from that observed in hydrographically 

restricted environments or In area :here active 

detrital sedimentation incorporat abundant reactive 

organic material into the sediment. 

Directly boui ORGANIC PHOSPHORUS is clearly 

not the primary control on the 2C5  content of the 

sediments; the average c/P ratio in the total-sediment 

Is 20 which is considerably lower than the c/P  ratio 

of plankton (59; Harvey, 1960). The high values of 

P 2  0 5 
 encountered in the clay fraction (Table 7.2) 

represent a considerable enrichment i.n phosphorus and 

the close association of P 2  0 5 
 with the oxidate fraction 

of the sediment is discussed below. 

10.3 -7;',-   ;i ASSOCIATED WITH ?H HYDROGENOUS FRACTION 

or 7THE SEDIMENT 

in/ 



FIGURE 10.3  

A. DISTRIBUTION OF lViNGANESE IN THE FRACTION FINER 

THAN 0.01 nun (10 MICROii) IN THE SURFACE SEDIMENTS 

OF THE BA RENTS SEA 

(After KLENOV.A, 1960) 

1, DISTRIBUTION OF PHOSPHORUS IN THE SURFACE SEDIMENTS 

OF THE BARENTS SEA 

(After xiEN0VA, 1960) 
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i4O O.LLO 	 Ji 	 iron 

and manganese LiVe often present In the higher oxidation 	
t 

states of Pe 3+ and Mn and the widespread occurrence 

Of Irc:. L.nd manganese oxides is well- docu.tedin the 

literature of Recent sediments. An exteioiia enrich- 

ment in oxide nases of iron 	.ianganece has been 

observeL. in the northern parts of the Barents Sea 

(Fig. 10.3a, .lenova, 1960; c-orshkova, 1966) and the 

distinctive yellowiah-brown coloui. o: the sediments 

in the southern Barents Sea sugge.S t a presence of 

some dispersed phases of iron aa. 	nese. 

Only a relatively minor amount of the total Fe, 

mm,, n, Cu and Ni in the Barents Sea clay fraction Is 

extraciible (Table 10.1; the prefix 'D' distinguishes 

the extractible metals). These values are an order 

of magnitude lower than ta amount of extractible 

metals present in pelagic sediments (Chester and Hughes,, 

1969); they are Laso much lower than the values of 

extractible Fe and Mn reported by Turner (971) in the 

adjacent Kars sea. The distribution of extractible 

manganese (D-Mn; 	10.4) and the distribution of 

extractible iron (D-Fe; Fig. 10.5) are quite different. 

The greatest development of P-Fe is found in tht 

northern and eastern parts of the sea, and on the edge 

of the South East Platform. The concentration of 

P-Mn is greatest along the South West Coast and as a 

prominent lobe off .he ;iurian Bank; It Is concentrated 

on t.xtrere western edge of 	entb •aa shelf 

(Fig. / 
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(i?ig. 10.Lf  cf. 	iu.a). 	dietributioi 

is sim1l 	.o that of D-Mn wherea P-Zn appear. c 

closely associated with P-Fe; a-Cu appears to be 

partitioned between the extractible iron and manganese. 

The asoc1at1on of 	trace metals with uispersed 

phases of manganese and iron has been extensively 

rep ,.,..ad in the literature (skornyakova et al., 1962; 

Sevastyanova and VolI, 	67;  Carvajal et al., 1969). 
be 

The ratios of extrac —n, Cu and Ni to extractible 

Iron are similar to the .mental ratios eountered 

in iron-manganese nodubs (Iable 10.3). The minor 

elements are greatly concentrated relative to extrac-

tible Mn which is itself only present at trace element 

concentrations. ny interpretation of the distribution 

of these extractible metals must 	into account the 

possibility of striping the silie. 	lattice, the 

Inter-relationship of these elements with other feat-

ures of the non-dexital chemistry, and t potential 

sources of such elements. 

The distribution of P-Fe resembles the distribu-

tion of total-iron (Fe 203) and this might suggest a 

dissolution of the clay mineral lattice. However both 

Chester and Hughes (1967), and Turner and Harriss (1970), 

consider that the sample treatmet does not attack the 

lattice and, on a closer e:•am1nation, it i clear that 

large changes In P-Fe occur indep 5 Ly of changes 

in clay mineralogy. LTh1S i 	rirly noticeable 

in the sub-surface sediments; (chapter 12). Extx'actlble 

iron/ 
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iron in he 	rcac-. 	Lcrc, caA 	. 	oseiy coristed 

with the listribution of P 2  0 
5 
 (Fig. 10.6 Cf. Fig. 

10.3b). The close relationhip of P 2  0 
5 
 with -'e 

can be seen in Fig. 10.7;  only a minor amount of the 

total p. 	 •_;.iitely 0.1"' P 2  0 
5 
 ) appears 	to 

be indepc. e of the extratetible iron. The P205/D- 

ratio is approximately 0.16. This figure Is 

slightly greater than the ratio observed In ferro- 

manganese nc 	but it Is consid;rably less than 

the P2Q5/Fe2  ratio encountered in viviariite concre-

tions (Table 10.3). .rsnic bears a close relation-

ship to phosphorus (Fig. 10.2b). ihe As203/P205  ratio 

is slightly less tcn uhut encountered in iron-manganese 

oxides an... .s greater than that observed in yellow-

brown oxidised muds; in the non-ox.e fraction of 

sediments, 1s bears no clear relationship to 

and the As2031/P205  ratio is much reduced (sevastyanov, 

1967; Table 10.3). The geochemistry of arsenic, in 

oxidising environments, Is very siailar to the geochem-

istry of phosphorus as both elements exist in the 

pentavalent state and form oxyanions. The close 

association of phosphorus and arsenic with iron in 

such environments can be attributed to the active 

absorption of P0 	and As0 	ions by the positively 

charged sols of Fe (011)3 
 (1iskovskiy et al., 1968). 

The £crric phosphate phase is known to be even less 

soluble than ferric hydroxide 4cc1f (Hutchinson, 

1957). 	correlation of As and P ith dispersed 

phases/ 
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phases o iron 1E 1ll 	)LLJiLJtU .i 	ii 

of iron-manganese concretions (evaatyanova and 

Volkov, 1967; Calvert and Price, 1970; Bonatti et al., 

1971) but the formation and the interrelaioship of 

the mans distinct iron phosphate phaseL. 	still only 

partially understood (Nriagu, 	72). Both ferric and 

ferrous phosphate are found in Recent sediments and 

the iron ohosphate relationship is known to be strongly 

dependei t on the EH and pH of the environment. The 

formation of vivianite concretions is apparently a 

diagenetic process which occurs at mildly reducing 

condition within the sediment (Rc 	q, it, 1970). 

The data of Nriagu (1972) emphasis,:, 	..: tt iron phos- 

phates will only be stable when the oxygen deficit 

is not sufficiently pronounced to induce widespread 

sulphate reduction. The occurrence of an iron phos-

phate mineral, tentatively identified a viviardte, 

has been recordeu in the iron-rich sub-surface sedi-

ments between Novaya Zemlya and Franz Joseph Land 

(Turner, 1971), where it appears to be forming authi-

genically within tb:.. sediment. Tn diagenetic phos-

phate concretions the P2O5  /Fe 2)3  ratio is cc)-.. Lsrably 
(7xLde 

greater than the ratio observed in the Fe-i 

and the As2031/P205  ratio is much reo.uced (Tas, 10.3). 

he lack of correlation between As and P within iron-

rich phosphates (:liskovskiy, 6p.cit.) supports the 

suggestion that such mineral phases are formed dia- 

genotically after burial and not in the primary oxidi-

s1r 'nvironment where pentavalent phosphorus and 

arsenic/ 
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arsenic arc ciesely £c:La L.. 	. cuuvi). ?Xc casoci- 

ation of 1)-Zn with 1)-Fe may occur through co-precipi-

tation or adsorption; the con5iderable absorption of 

Zn onto ferric oxides has been demonstrated experi-

mentally by Kee ano. .iioomfield (1961). 

The close interrelation of phosphorus, arsenic 

and extractible iron indicates that these elements 

are associated in the dispersed oxidate fraction of 

the sediment. The proportion of As and P 2  0 5 
 to 1)-Fe 

is greater than that obstrved in the Fe-Mn concretions 

of nearshore sediments, but the ?20jFe203  ratios are 

not high enough to suggest the preconce of distinct 

iron phosphate minerals. The presence of a specific 

iron phosphate mineral, or the presence of crystalline 

iron-oxide, cannot be detected by either infra-red 

epectroscop ox' by X-ray diffraction analysis of the 

clay fraction. It is concluded that the mineral 

phases of this iron-oxidate fraction are X-ray amorphous. 

The oxidation of organic mattdr within the water 

column is considered to be the principal source of 

dissolved phosphate and arsenate (Armstrong, 1965; 

Johnson and Pilson, 1972). Gorshkova (1966) has 

suggested that the ultimate source of dispersed metals 

in the northern Barents Sea is through the continental 

drainage of the vast Vest Siberian rivers. The cold 

water which penetrates into the northern areas of the 

Barents Sea Is believed to be formed by the mixing 

of this continental run-off with arctic water 

(Milligan/ 



(iilligan, 1969). Ihere 1J)ear3 to be a aareu 

concentration gradient in the distribution of dis- 

persed phases of iron and manganese away from the 

source of the continental drainage (Table 10.3). 

Highest 	lues O 	t.iictible Fe and Mn (2.0,. -Fe, 

l.5 	fl-Mn) in the Kara Sea we found in close proxi- 

mityto the delta of the Ob and Yennisey; these 

values fall to below 1.25,. fl-Fe and 	D-Mn in 

the extreme north east of the Barents Sea (Turner, 

op.cit.). So-,.-, continer:tl drainage also enters the 

south east Barents Sea from the River Petchora and 

via the White Sea. 

In the southern Barents Sea, the areas enriched 

In i)-Fe ap.Wear to coincide with the areas where the 

cold northern water ness, mixes with warm, saline 

Atlantic water. This region of the polar front Is 

characterised by a marked increase In organic produc-

tivity and an increase in the concentration of dissol- 

ved nutrient elements (Zenkevltch, 1963). The D-Fe 

on the South East Platform does not relate to the 

polar front, but appears to reflect the Influx of 

local continental drainage. 

There is no great concentration of extractible 

manganese in the south west Barents Sea and it Is 

apparent that the ratio of D-Ln/D-Fe is extremely low 

(iable 10.3). The hydrated oxides c2 ri 	neg- 

tively charged col1oiie whereas those of Fe tend to 

be positively charged. Thus Mn shcs no association 

124 



ELEMENT RATIOS WITHIN THE DISPERSED PHASE OF SELECTED SEDIL:EiTS 

p205/D-Fe203  0.16 Barents Sea clay fraction7  
/Fe20 0.11 Fe-Mn concretions, Loch Fyne 

0.07 Fe-Mn concretions, Black Sea 

Vivianite concretion, Norwa? 

D-Mn/D-Fe 0.01 Barents Sea clay fractior, (average)7  
0,003-0.050.. Barents Sea clay fraction (range) 

0.16 Extreme N.E. Barents Sea; 11 samples5  

1.01 Kara Sea adjacent to the Ob. 15 samples  
Mn/Fe 0.26 Fe-Mn concretions, Black 	ea2  

7.50 Fe-Mn concretions, Loch F/ne1  

D-Zn/D-Fe 9.5 x 10 Barents Sa clay fraction7  
Zn/Fe 15-20 x 10 Fe-Mn concretions, Loch Fyne1  

D-Cu/D-Fe 7.6 x 10 Barents Sea clay fraction7  
Cu/Fe 4-12 x 10 Fe-Mn concretions, Loch Fyne 

D-Ni/D-Fe 6 x 10 Barents Sea clay fraction7  
Ni/Fe 3-54 x 10 Fe-Mn concretions, Loch Fyne 

D-Ni/D-Mn 4.7 x 10 2  Barents Sea clay fraction7  
Ni/Mn 280 x Fe-Mn concretions, Loch Fyne1  

As OjP 0 6 - 53 Range, Barents Sea clay fraction 

29 - 47 Range, Fe-Mn concretions, Loch Fyne 

x 10 27 - 47 Range, Fe-Mn concretions, Black Sea2  

I4 Mean, Fe-rich 	ed1mentary phosphates 

15 Mean, Barents Sea clay fraction7  
13 Mean, 16 oxidized muds, Black Sea  

5 Mean, 13 reducc, 	uds, Black Sea  

Continued/ 



TABLE 10 (Continued) 

1shallow water manganese nodules, Loch Fyne; average of I4 samples. Calvert and Price, 1970 

2near shore ferre-manganese nodules, Black Sea; average of 15 samples. Sevastyanov et al., 1966 

3vlvlanite concretion, fresh water lake, Norway. Rosenqvist, 1970 

1 sedimentary iron-rich phosphates; average of 17 samples. Bliskovsky et al., 1968 

5liy&roxylamine hydrochloride/acetic acid extractible material, Kara Sea. Turner, 1970 

6sevaetyanov, 1967. 	 7l3arents Sea clay fraction - average of 64 surface samples 
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with 	and -in bears no 	O 	 o 

(Fig. 10.7a) or cc arsenic. The oxide phases of Mn 

and Fe also sho: 	considerable difference in their 

degree of geoche'1c al mobility (Bischoff e 	:eh-Lung 

Ku, 1971; Spencer et  1., 1972;  Hem, 17), 	the 

increased mobility ofn relative to Fe has been con-

sidered responsible for variations in the Mn/Fe ratio 

of recent sediments (Turner and Iiarriss, 1970; Price 

and Calvert, 	O; oiitti, 1971). however, the absence 

of marked diaLenetic migration and the lack o separa-

tion of D-Fe and D-Mn phases within the sub-surface 

sediment (chapter 12) suggest that the diagonetic 

control on D-Fe/D-fl ratios is not a controlling fac-

tor in the relative distribution of these two compo- 

nents in the surface sediments. 	The apparently well- 

oxygenated nature of the surface sediments vould not 

encourage the reduction of W1n to the ore mobile 

Mn 2+  and the overall decreased concentration of D-Wn 

away from the Kara Sea (Table 10.3) suggests tit the 

decreasing availability of Mu in the water column is 

a more important influence on the distribution of 

D-Mn in the south western Barents Sea. 

The concentration of D-Mn, and associated D-Cu 

and D-N1, can be related to a combination of factors 

including the presence of dispersed phases of MnO 29 

the abundance oz sneletal carbonate debris, anu the 

ijresence of loosely held metals in the clay structures. 

The/ 
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?te rel'I. 	j.Lil1cc OIL L. 	LidO .3pOCL. of the 

chemistr of Mn are difficult to evaluate. The pres-

ence of dispersed phases of lri can be noted adjacent 

to the Greenland Sea, on the western edge of the 

Barents Sea, and OL 'mrts of the Central Plateau 

(illustrated by factor analysis, chapter ii). At 

det. nany of the cores shot a significan enrich-

ment in D-Mn (and D-Fe) which must refer to the pres-

ence of Mn oxides or carbonates; the geochemistry of 

the mobile elements is rL;:nsidered in chapter 12 

where the influence of t1T. phy. leo-chemical environ-

ment and the rate of accumulation can be more closely 

examined. 
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CHAPTER 11 

A STATISTICAL ASSESSMENT OF THE LITHOLOGIOAL AND 

CHEMICAL DATA 

11.1 INTRODUCTION 

non-- 
The application of a multivario)arametric 

statistical analysis to "-- rgrain-size, mineralogical 

and chemical data provide a convenient and succinct 

method of summarising the most important features 

determining the lithological and geochemical vari-

ability of the surface sediments. In this study, 

each separate set of mineralogical and chemical data 

(the 'individual data sets')are subjected to a form 

of cluster analysis (the 'dendrograph') and to Q-mode 

factor analysis. The mineralogical and chemical data 

are subsequently combined (the 'combined data sets') 

and the analysis repeated. 

The 'dendrograph' is a method of clustering 

which has been developed by McCammon and Wenninger 

(1970) as a two-dimensional diagram for depicting the 

mutual relationship among a group of variables whose 

pairwise similarities are given. The construction of the 

dend.rograph is based on an unweighted pair-group method 

of clustering, and the measure of palrwise similarity 

is initially entered in the form of a Kendall rank 

correlation matrix. A candidate for entry to a cluster 

is admitted at a similarity level equal to the average 

similarity between the candidate and the existing 



members o the cluster; this uiweihted method of 

clustering gives each entity an equal influence 

throughout the clustering process. The dendrograph 

is a convenient method of expressing between-group 

and within-group similarity and it provides an objec-

tive, graphical summary of the principal petrographic 

features of the sediment. It has been applied to 

both the Individual and combined data sets of both 

the silt and the clay fraction; the combined analysis 

of mineralogical, chemical and textural data Is per-

formed in an attempt to define the interrelationship 

of all observed variables. 

The same data sets are subsequently subjected to 

a Q-mode factor analysis. The use of this form of 

analysis in the elucidation of grain-size data has 

already been discussed (chapter Li). The various 

forms of factor analysis have been described by a 

number of authors (e.g. Harbu:h and Merriam, 1968), 

and the method employed In this study is derived in 

the first Instance from Imbrie (1963). Prior to 

analysis, the data are transformed by recalculating 

each data point as a percentage of the observed range 

of that variable. This gives each variable equal 

weight in the analysis. The ithod of factor analysis 

does not Itself present any hypothesis to account for 

the system that Is being Investigated but merely 

provides a minimum number of causes that will satisfy 

a given portion of the variability and identifies 

oacW 
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each or these with an actual observed case. A princi-

pal advantage of factor analysis is that it permits 

condensation of a large number of variables into a 

much smaller number of theoretical variables; these 

theoretical variables, or 'factors', contain essenti-

ally all the information that was ori4nally  held in 

a much larger set of ob'vations. An important limi-

tation in both types of analysis Is the necessity to 

distihguish covariance which Is derived through geo-

graphical coincidence from covariance derived from 

geochemical coherence. The methods of statistical 

analysis are more fully discussed in Appendix C. 

In Recent sediment studies, the use of factor 

analysis has been largely confined to the processing 

of grain-size data (chapter Li). Imbrie and Van Andel 

(1965) have employed factor Riialysis in heavy mineral 

studies and more recently Kelfy nd vwhettein (1969) and 

White (1970) have applied Q-me factor analysis in 

the definition of geochemical environments. Hirst 

and Kaye (1971) have similarly studied the major and 

minor element chemistry of Carboniferous sediments 

and have equated the most Important factors with depo-

sitional and diagenetic processes. The application 

of these methods of data reduction and organisation 

may provide a convenient sylithesis of the most dis-

tinctive features of the B.S. sediments and may enable 

a broad summary of the most important factors governing 

their variability. Thus the statistical approach is 

used/ 



used to test the significance and validity of the 

conclusion previously derived from the more detailed 

study of individual mineralogical and chemical 

components. 

11,2 THE CLAY FRACTION 

Mineralogy: The clustering of clay mineral data (8 

variables) reveals three broadly interrelated groups; 

an illItic 10 2 2rouD. a 14 2 chlorite Rrouo and a 
7 2 chlorite group. The result of -mode factor 
analysis show that four factors have significant 

eigenvalues and account for 97.50% of the total vari-
ance. The ratio of chlorite (001)/(002) peak areas 

in the glycolated sample is the variable responsib]e 

for Factor I and accoux 	for 78% of tIrne variance. 

An additional 11% is contributed by variation in the 

nature and abundance of illite (Factor 2), and a 

further 7% by the value of the chlorite (001)/(002) 

peak area ratio in the heated sample (Factor 3). 

The concentration of znontmorillonite (Factor Li.) 

accounts for little over 2% of the variance. The Q-

mode factor analysis emphasises that the nature of 

the chlorite is the most importarrt source of variation. 

Chemistry: The clustering of clay chemistry (28 

variables) for the entire south west Barents Sea (Fig. 

11.2) can be sub-divided into a number of groups. The 

first two groups express the geochemical association 

of Ni-In-MgO-CaO and the coherence between K20-Ba-Rb. 

The/ 
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FIGURE 11.1 

DENDROGRAPHS OF SURFACE CLAY FRACTION CHEMISTRY FOR 

THE. HEAR ISLAND - SPITZ BERGEN i3AI1X, THE WESTERN 

TROUGH, AND THE SOUTH EAST PLATFORM 

P <0.05 18 equivalent to a correlation coefficient 

between two variables of C. 	- T.37 



FIGURE 11.2 

DENDROGRAPHS O: 3URFAC1J CIJ\YFRACTION CHEMISTRY FOR 

THE NORTH EAST, THE SOUTH WEST COAST, AND THE ENTIRE 

REGION 

P <0.05 is equivalent to a correlation coefficient 

between two variables of 0.34 (North E:..t, South West 

Coast) and 0.15 (Entire Region). 
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The extractible elements (other than b-Fe) are 

grouped broadly together and appear, from the dendro-

graph,.to be associated with CO  (carbonate). Zr-Y-

Ce-Th-Sr represents another conspicuous group of ele-

ments that are either present as minute inclusions, 

such as zircon, or are incorporated at trace levels 

within the clay mineral lattice. These elements 

appear to be equally partitioned between the different 

mineralogical species and they can be regarded as 

components of all clay minerals; for this reason they 

are broadly associated with Al203.-Ti02-3102  and with 

total Fe203. Extractible iron forms a distinctive 

group (As-D.Fe-P205). The construction of the dendro-

graph clearly expresses the degree of association 

within and between these groups. 

The detailed comparison of the dendrographs 

established for the separate areas of the south west 

Barents Sea (Pigs. 11.1 and 11.2) is limited by the 

varying degree of carbonate dilution and by the uneven 

distribution of data stations. The dendrographs 

illustrate that the Iron oxide group is most clearly 

defined in the North East whereas in the southern 

regions (South West Cast and th. south East Platform) 

As and P 2  0 5 
 are more Intimately associated with the 

silicate lattice. 'ith the exception of the South 

West Coast, It is apparent that Iron and magnesium 

are not closely associated which confirms that these 

two elements are concentrated in separate mineral 

phases/ 
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TABLE 11.1 

FACTOR ANALYSIS OF THE CHEMICAL COMPONENTS OF 

CLAY FRACTION (Smn?ACT SFDIN iT3) 

Scaled variinax factor scores 

VARIABLE FACTOR I FACTOR 2 FACTOR 3 

Zr 1.062 0.137 0.708 
Y 1.192 0.477 1.029 
Sr -0.712 3.244 -0.243 
Rb 1.625 0.157 0.286 
Zn 0.685 -0.008 -0.369 
Ni u.866 -0.165 -0.584 
Th 1.370 -0.266 0.570 
Pb 0.298 2.333 -0.505 
As 0.32 0.362 -0.028 

Cu -0.701 0.841 0.358 
Ce 1.642 -0.501 1.113 

Ba 1.493 -0.151 0.482 
Mn -0.697 -0.277 0.393 

K20 1.156 0.976 0.099 
Fe203  1.553 0.303 -0,412 

T102  0.046 -0.399 0.870 

5102 1.510 0.314 -0.314 

A1203  1.183 0.769 0.357 

P205 1.014 0.595 0.064 
MgO 1.095 0.562 -0.021 

CaO 0.329 0.752 -0.289 

CaCO3  -0.576 2.035 0.083 

0.099 -0.409 1.778 

D-Mn -0.615 -0.386 2.817 

D-Zn -0.327 0.070 2.071 

D-Cu -0.571 0.62 1.905 
D-Ni -0.466 1.578 1.781 

EIGENVALUE 68.08 1.58 1.06 
CUMULATIVE Q 	) ci9.5u 91.6 
VARIANCE 



phases. IO (and associated trace elements) ahoy a a 

close relationship to K 2 0 on the South West Coast and 

the South East Platform. This suggests either the 

coexistence of two separate mineral phases or the 

presence of trioctahedral 10 2 material. The existence 

of a distinctive 10 2 mineral with a high (001)1(002) 
reflection is limited to these regions and supports 

the latter conclusion. The clustering of the chemical 

variables emphasises that an association may arise 

either through close geochemical coherence (As-D.Pe-

P205; Ti02-A1203; Zr-Y; Ib-K20-Ba; etc.) or by the 

mutual coexistence of geochemically unrelated elements 

within either the same or geographically coincident 

mineral phases (A1203-5i02; K20-MgO; etc.). The above 

cpnsiderations constitute an important limitation in 

the application of this technique to inhomogenous 

chemical data that is dominantly terrigenous in origin; 

these limitations can be partially compensated by the 

additional information available through factor analysis 

and by the combined analysis of mineralogical and chem-

ical variables. 

The Q-mode factor analysis clearly illustrates 

that the clay chemistry of the surface sediments is 

almost entirely lithogenous in origin and that it is 

only slightly modified by the presence of biogenous 

and hydrogenous phases. Three significant factors 

(eigenvaluee greater than 1.0; Table 11.1)can account 

for 931/"- of the total variance. The influence of each 

variable," 
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variable In o.etermining these factors is expressed 

In the scaled varimax scores (Table 11.1). Variation 

In the distribution of the terrigenoua elements 

(Factor 1) controls 90% of the total variance. The 

distribution of biogenous carbonate debris (Factor 2) 

and the concentration of the extractible metals 

(Factor 3) only account for a further 3% of the vari- 

ance. The biogerious origin of the carbonate factor 

is indicated by the mutual covariance of 002  and Lr. 

The marked association of Pb with this factor suggests 

that much of the lead Is incorporated into the sedi- 

ment within skeletal carbonate debris. A similar 

situation has been observed in the carbor.ate fraction of 

deep sea sediments (Nicholls et al., 1959) where the 

Pb content of pteropoa zaiells is over 200 ppm. Extrac- 

tible nickel (average value 3.5 ppm) Is the only other 

variable associated with blogenous carbonate. The 

average Ni content of foraminiferal tests is consi- 

derable (21 ppm; Tureklan, 1965), and minor amounts 

of Ni are known to be associated with calcareous shell 

debris. However, D-Ni Is more strongly associated 

with the other extractible metals In Factor 3; the 

presence of these dispersed phas. accounts for little 

over 1% of the total chemical variance In the surface 

clay fraction. Ce and Y show a significant covariance 

with the extractible metals; the association of yttrium 

with shallow water Fe-Mn oxides has been recorded by 

Calvert and Price (1970) in the sediments of Loch Fyne. 

The/ 



FIGURE 11. 

DEJDROGRAPH OF .UjFACE CLAY-PRACTIOi FTJLOQY AND 

CHEMISTRY FOR THE ENTIRE,  30UTHEIM 1ikiTS SEA 

P <0.05 is equivalent to a correlation coefficient 

of less than 0.15. 
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1c factor analysis quantifies tide ignificaiics of 

the lithogt.ious, dispersed and carbonate phases. The 

factor loadings for each sample represent mappable 

units the distributions of which are very similar to 

the established distributions of carbonate debris and 

dispersed metals. 

A second Q-mode analysis was subsequently per-

formed on the lithogenous variables alone. This 

allowed for the recognition of a further significant 

factor (elgenvalue 1.86) that accounted for 2.5%  of 

the total variance and was only prominent along the 

south coast and on parts of the Central Plateau. The 

variables that contributed to this factor (Ni-Cu-Mn-

CaO-MgO) characterise the distinctive clay mineral 

province of the South West Coast (see below). 

Combined mineralogy and chemistry: The denthograph cC 

combined mineralogical and chemical data shows group-

ings similar to those alrea&y cescribed and is illus-

trated in Fig. 11.3. Illitic material is closely 

associated with K20-Rb and the sharpness of the 10 

reflection is related to the CaO-MgO-Mn-Ni group. 7 

chlorite is associated with Fe203  whereas the chloritic 

material with a high I4 R/7 2 peak area ratio forms 

a distinct group associated with montmorillonite and 

linked with Zr-Y-Ce-Th-Ba. This grouping illustrates 

the distinction between the Illitic materials, the 

I4 .R chlorite and the 7 R chlorite. It also emphasises 

the covariance between the sharpness of the illitic 

peak,! 
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TA  BLE 11.2 

FACTOR ANALYSIS OF THE MINERALOGICAL AND CHEMICAL 

COMPONENTS OF THE CLAY FRACTIOI (SURFACE SAMPLES) 

Scaled varimax factor scores 

VARIABLE FACTOR I FACTOR 2 FACTOR 3 

Zr 1.107 -0.239 0.908 
Y 1.261 -0.737 1.587 
Sr O.614 1.593 0.236 
Rb 1.611 0.348 0.261 
Zn 0.744 0.316 -0.79 
Ni 0.716 1.85 -1.104 
Th 1.369 -0.114 O.643 
Pb 0.306 1.433 -0.252 
As O.448 0.147 -U.2014. 
Cu -0.777 2.226 0.292 
Ce 1.610 -0.485 1.133 
Ba 1.594 -0.106 0.380 
Mn -0.764 2.410 -0.264 
K20 1.166 1.329 0.265 

Fe203  1.502 0.491 -0.363 
P102  0.137 -0.069 0.418 

1.598 0.269 -0.384 
A].203  1.193 0.933 0.460 
P205 1.115 0.239 0.012 
MgO 1.006 1.720 0.109 

CaO 0.124 1.603 0.101 
CaCO3  -0.551 0.837 0.555 
D-Fe 0.206 -0.508 1.397 
D-n -0.661 -0.165 2.771 
D-Zn -0.398 -0.317 2.174 

D-Cu -0.582 0.294 2.148 
D-Ni. -0.529 1.+j9 2.262 

illite 	(,) 1.200 1.218 0.494 
chlorite (%) I.466 -0.654 0.069 
mont. 	(%) -0.050 0.516 1.473 
v/p 1.542 0.273 0.131 
14R/72 (glycol) 0.104 0.331 0.738 

14V7. 	(heat) 0.450 -0.201 0.362 
Shp, 0.507 0.396 -0.096 

0.156 0.325 0.777 
Continutd/ 



EIGENVALUE 

CUMMULATIVE 
VARIANCE 

TABLE 11. 

(Continued) 

FACTOR I 

67.07 
88.25 

FACTOR 2 

1.51 

90.23 

FACTOR 3 

0196 

91.51 
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peak and the presence oi clays enriched in CaU-igO-Lin-Ni. 

The mode factor analysis of the combined data 

slightly modifies the situation observed in the analysis 

of the chemical variables. The elgenvalues, cumulative 

variance and scaled varimax factor scores of the three 

significant factors are listed in Table 11.2. Factor 1 

represents a clay miner-.1 assemblage with a minimum 

dilution by non-lithogenous components. Factor 2 is 

determined by illite and, the concentration of Cu-Ni-

MgO-CaO-Mn, and is only prominent in the distinctive 

clays of the South West Coast and the "otith East 

Platform; the distribution of the factor loadings is 

shown in Fig. 11.6a. Factor 3 is controlled by the 

extractib].e metals. The lack of association of these 

elements with any of the lithogenous variables empha-

sises their dispersed character. The biogenous car-

bonate constitutes Factor L. which has an eigenva].ue 

less than 1 9  and is considerei statistically inIgni-

ficant. 

11.3 SILT FRACTION 

The peak areas of the principal mineralogical 

components of the silt fraction (chlorite, felspar, 

quartz, plagloclase, microcline and calcite) are 

resolved into two principal groups within the dendro-

graph; qiLAx12Aad.ft0uArsilicate8j and carbonate debris. 

The factor analysis emphasises that variation in the 

total felspar content is the most important source of 

mineralogical/ 



jOURE 11 .A 

DENDROGRAPH OF SURFACE SILT—FRACTION CHEMISTRY FOR 

THE BEAR ISLAND BANK, THE NORTH EAST, THE SOUTH WEST 

C0A 7, 	THE ENTIF4 AREA 

I <0.05 where the correlatior. coefficient between 

two variables is less than 0.34 (Bear Island, Noih 

East), 0.28 (South 'Vest Coast), an 0.15 (Entire 

Region) 
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FIGURE 11 

DE1WR0GR4PW 0' SURFACE LTRACTION TISTRY FOR 

THE SOUTH EAST PLATFORM MW ThE WESTERT'ROUGH 

P <0.05 where r, the correlation coefficient between 

two variables, is less than 0.39 (South East platform) 
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inineraiogici variance (i?actor 1; cwuJ.ative variance 

= 85%). The non-uniform distribution of carbonate 

debris (Factor 2) accounts for a further 6% of the 

variance. The plagioclase content of the felspar 

determines Factor L (cumulative variance = 94%); this 

factor reaches its maximum importance in the silts of 

the North East. 

Chemistry: The dendrographa of the chemical variables 

for the entire south west of the Barents Sea and for 

the separate regions are Illustrated in Figs. 11.4 and 

11.5. The grouping of these variables r'flects the 

presence of CaCO3  debris, heavy minerals, felepars, 

quartz, mica and chlorite. Many of the major and 

minor elements are present in a number of different 

mineral phases and these, In turn, are unequally 

developed In the various regions; an objective inter-

pretation of the dendrograph Is extremely difficult. 

The situation on the Bear Island Bank and along the 

South West Coast is confused by the abundance of blo-

genous carbonate debris which largely determines the 

total CaO and Sr content; some Mn and Mg appears to 

be associated with the carbonate phase. The mineral- 

ogy of the South West Coast is a. 	distinguished by 

the prominence of heavy minerals and the Mn-MgO-CaO-

Fe203-Cu, Zr-Ce-Th, and Y-P905-Ti02  groups will be 

Influenced by the abundance of minerals such as 

amphibole, garnet, zircon, rutile, aphene and apatite. 

The close association of Fe203  and MgO Is confined 

to/ 
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TABLE 11.3 

FACTOR ANALYSIS OF 	CHEMICAL C0MPOL NTS OF THE SILT 

FRACTION (SURFACE SEDIMENTS) 

Scaled varimax factor scores 

VARIABLE FACTOR I FACTOR 2 FACTOR 3 FACTOR 4 FACTOR 5 

Zr -0.473 0.237 3.579 0.090 0,808 
y 0.643 0.290 0.868 0.583 -0.331 
Sr -0.792 2.182 -0.900 -0.320 2.175 
Rb 1.336 -0.167 -0.045 0.834 0.453 
Zn 1.211 0.273 -0.232 -0.222 -0.737 
Ni 0.678 0.143 1.503 0.173 -1.191 
Th 0.671 0.811 1.035 0.566 -0.504 
Pb 0.805 0.147 -0.581 -0.458 1.500 
As 1.304 0.594 0.388 -0.840 -0.751 
Cu 0.476 0.214 0.075 0.003 -0.109 
Mn -0.058 0.651 -0.463 2.468 -0.120 

K20 1.002 -0.737 -0.225 0.841 1.345 
Fe203  1.237 0.664 -0.517 0.741 -1.048 
T102  1.388 -0.331 0.182 0.379 0.571 

5102 1.084 -0.245 -0.054 0.811 0.845 
A1203  1.347 -0.412 -0.406 0.609 0.855 

1.184 1.936 0.159 -1.322 0.541 
MgO -0.055 1.155 -1.045 2.467 -0.699 
CaO -1.127 -0.032 1.003 1.537 1.917 
CaCO3  -0.765 2.924 0.127 -0.169 -0.115 

Ce 0.756 1.123 0.941 0.616 -0.910 
Ba 1.115 -0.314 0.923 0.303 1.231 

EIGEVALUE 65.80 1.93 1.31 1.15 1.02 
CUMULATIVE 87.74 90.31 92.06 93.59 94.95 
VARIANCE 



to this area and to the neighbouring outh cast 

form. All All of the above elements may also be contri-

buted by chlorite and mica which are not, however, 

abundant along the south coast and on the Bear Island 

Bank. In contrast, the sediments of the North East 

and of the Wosteru Trough are relatively depleted In 

both heavy minerals and conate debris but are known 

to be enriched in chioritic and micaceous materials. 

The MgO-Fe 203-Mn-Pb-NI-'Zfl group of the North East 

contrasts markedly with the situation observed In 

the Western Trough where P0203 closely relates to 

K 2 0 and Zn-Ni-Ca-AS form a separate and una$sociated 

group. This suggests that the mica and chlorite 

assemblages of the two areas are different. The Zn-

NI-Cu--As group of the Western Trough is also found 

on the Bear Island - Spitsbergen Bank where It shows 

a unique association with Ce. 

Factor analysis clarifies the situation consi- 

derably. The elgenvalues, cumulative variance and 

scaled varimax factor scores for the 5 srIficant 

factors are shown In Table 11.3. The distribution of 

the factor loadings for Factors 3, Li. and 5 are illue-

tratee. In Figs. 11.6a and 11.7. Factor I is determined 

by those variables principally held in the alumlnoslli 

cate lattices and reaches Its maximum significance In 

those seuLents unaffected by dilution with carbonate 

debris and heavy minerals. Biogenous carbonate debris 

(Factor 2) Is most significant on the Bear Island - 

Spitsbergen/ 
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FIGURE 11.6 

.A. DISTRIBUTION OF THE LOADINGS FOR FACTOR 2 IN THE 

CLAY FRACTIONS OF BARENTS SEA SURFACE SEDIMENTS. 

(FACTOR ANJLYSIS OF THE CHEMICAL iI2 MINERALOGICAL 

DATA; CLAY FRACTION) 

B. DISTRIBUTION OF THE LCDINGS FOR FACTOR 3 IN THE 

SILT FRACTION OF BARENTS SEA SURFACE •)IMENTS. 

(FACTOR rTYsIs OF SILT CHEMICAL DATA) 





A. DISTRIBUTION OF THE LOADINGS FOR FACTOR 4 IN THE 

SILT FRACTIO1 OF THE BARENTS SEA SURFACE SEDIMENTS. 

(FACTOR ANALYSIS OF SILT CHEIICAL DATA) 

B. DISTRIBUTION OF THE LOADINGS FOR FACTOR 5 Ili THE 

SILT FR1CTION OF THE BARENTS SEA SURFACE SEDIMENTS. 

(FACTOR ANALYSIS OF ILT CHEMICAL D.•). 
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pitzbergen uank aid along the South est Coast. 

Magnesium is only slightly associated with this mate-

rial, The more marked association of P 2  0 5 
 (and Ce) 

suggest the presence of some phosphatic phase. Factor 

3 (Fig, 11.6b) is controlled by the concentrbtion of 

Zr which, in turn, is determined by the presence of 

the heavy mineral zircon. Ni, Th and CaO are associ-

ated with this factor which is most significant along 

the South West Coast, on the South East Platform and 

in parts of the North East. The silts enriched in 

MgO-Mn-CaO are expressed in Factor L. (Fin. 11.7a). 

These variables are evidently not significantly associ-

ated with carbonate debris or with the 

of Factor 1 9  and are oLly pronounced aloii the 

Coast and on parts of the Central Plateau. This fac-

tor closely parallels the development of amphibole 

debris. The presence of the distinctive felspare of 

the North East Is responsible for Factor 5 (Fig. 11.7b). 

This factor Is determined by the mutual covariance of 

1(20, CaO, Sr, Ba and Pb and is not associated with 

carbonate debris or with elements principally controlled 

by micas and chlorite (Zn, Fe203). The strong contri-

bution of CaO and Sr to this fact emphasises the 

Imortance of plagioclase felapar. This factor is 

:o8t prominent in the extreme North East. It is clear 

that these methods of data reduction and organisation 

emphasise the most important factors controlling the 

overall chemical variability of the silts and confirms 

the/ 
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the e.iLeicej of eoch:ically distint rovince. 

Combined mineralor and chemistry: The combiied 

statistical analysis of the mineralogical and chemical 

data is unsatisfactory due to the apparent incompati-

bility of the two data sets; the concentrations of 

the mineralogical variables are entered as unweighted 

peak areas which are not directly compatible with the 

chemical analyses. This limitation is partially rec-

tified in the -mode factor analysis by the prior 

transformation of all variables to a percentage of 

their observed range. This analysis links the carbo-

nate factrr (defined above) with the concentration 

of calcite and confirms the close association of 

total felspar and plagioclase with Factor 5. The 

heavy mineral origin of iactors 3 and 4 is also con-

firmed by their lack of association with any of the 

measured mineralogical variables. An additional 

analysis was performed incorporating the weight per-

cent of coarse, medium, fine and very fine silts. 

Although the incompatibility of the data sets limits 

the significance of its application, both the dendro-

graph and the factor analysis closely group the heavy 

mineral fraction (Factors 3 and !) iith the marked 

development of coarse and medium silt; the alunilno-

silicates, especially chlorite and mica, are more 

intimately associated with fine and very fine silt. 

The cluster and factor analysis of the silt and 

clay fraction data objectively defines the nature of 

the/ 
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the ,riric161 etrogrphic v&ria ior. nd 'Iearly 

Indicates the existence of distinct petrographic 

provinces. The results of this examination suggest 

that the conclusions, which have been derived from 

the study of the individual mineralogical and chemi-

cal components, are statistically valid. 
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CHAPTER TIVVELVE 



CHAPTER 12 

THE SUB-SURFACE SEDIMENTS 

12.1 INTRODUCTION 

The surface sediments in the entire south western 

Barents Sea are underlain by unconsolidated deposits 

of a markedly different ericter; these 'ancient 

clays' (Kienova, 1960) can be clearly differentiated 

by their partially compacted, poorly-sorted nature 

with a negligible organic carbon content and an absence 

of biogenous carbonate. They represent Pleistocene 

glacial deposits (Dibner, 1968). The thickness of 

the overlying post-Pleistocene sediments isIiown to 

vary considerably and reaches Its maximum thickness 

(over 3 metres) In the .Vestern Trough (Dibner, op.cIt.). 

The stratigraphy of the Recent (or post-Pleistocene) 

sediments has been visually examined by IcLenova (. 

cit.) who recognised a complex stratification r'f  the 

sediment with respect to coloir, texture and oxide 

level. Kienova has suggested that certain coarser-

grained horizons can be correlated across broad areas 

and that these bands indicate occasional changed in 

the clrc'ii].ation.  The nature, interrelationship and 

mode of development of these features aill now be 

examined In more detail. 

A preliminary nssessment of the sub-surface 

].ithology was obtained by optical examination, of the 

cores. Subsequently 30 stations were sampled at the 

25-30/ 
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FIGURE 12.1 

GENERAL LITIIOLOGY OF SELECiD CORES FROM TIlE SOUTHERN 

BARENTS SEA 
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25-30 cm level and. subjected to a coplete grain-

size analysis. Six or the cores (EH 49, 61, 69, 74, 

790, 81; Pig. 3.1) were selected for further mineralo-

gical aid chemical work, and sampled at 5 cm intervals 

throughout their length. The selected cores represnt 

typical Barents Sea deposits and cover the range of 

sedimentary environments encountereu in th outhern 

Barents Sea. Mineralogical and chemical analyses 

were performed on the separated size fractions and on 

the total sediment in a similar way to that described 

in the analysis of the surface sediment. 

.:.:E AND GENERAL LITI-TOLOGY 12.2 TEx  

Most sediments of the south western Barents Sea 

are light yellow-bron in colour at the surface 

and this condition usually pe1eistS throughout the 

length of the core; a distinct colour banding is 

seldom seen, although some cores are grey-green in 

colour with occasional rust-coloured bands. Such 

colour changes appear to coincide with changes in 

sediment texture (e.g. Eli 79; Pig. 12.1). Textural 

stratification is a common feature of the deposits and 

is most pronounced at those stat s that border the 

areas of coarser-grained 	and sands (e.,-. Eli 49 

and 61 in Fig. 12.1), and in the North East. These 

broad alternations in the grain-size are gradational 

rather than sharply delineated ana there is no imme-

diate, lithological evidence to suggest that the 

cores/ 
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cores penetrate into the texturally-distinct, Pleisto-

cene clays. Coarser-grained horizons are often deve-

loped at the surface and at approximately 109  20 and 

30 cm although the longer cores taken from areas of 

finer-grained sediment also show coarser deposits 

towards their base at 60-70 cms. The differential 
rates of deposition and the absence of other criteria, 

such as mlcrofaunal abundances, makes the cross-

correlation of such layers unreliable (cf. Kienova, 

1960). 

A full grain-size analysis was performed on the 

25-30 cm level of selected cores. Although this hori-

zon cannot be considered in a time-stratigraphic sense, 

it does provide valuable evidence for the temporal 

persistence of the essential features of the deposi-

tiona]. environment. Figs. 4.7, 4.8 and 4.9 clearly 
illustrate that the grain-size frequency distribution 

of the sediments at depth is broadly similar to the 

distribution observed in the surface sample. This is 

even apparent in the peculiar frequency distribution 

developed in the sediments along the northern border 

of the Western Trough (e.g. E1-i 56; Fig. 4.8), and 

implies that the essential procesoc-, s controlling 

sediment deposition have not changed with time. It 

Is also clear (.'Lg. 12.2 Cf. Fig. 4.5) that the mean 
grain-size distribution of the sub-surface sediments 

parallels the distribution observed in the surface 

deposits, and the relative distribution of the 

sediment,/ 
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sediment types is very similar. The most distinctive 

feature of the sub-surface sediments is the consist-

ently greater abundance of fine silt and clay. Fig. 

4.3 compares the triangular representation of the 

surface and sub-surface sediments, and illustrates that 

the increased content of tine silt and clay places 

many of the latter samples in the iiy aiiu 	dy-clay 

categories. The results of a factor analysis of sub-

surface grain- ize data can be resolved into a 3-

component system very similar to Fig. 4.14 with the 
great majority of samples lying close to the 'mud' 

apex (Factor 1); in the sub-surface samples, Factor I 

accounts for 93.I of the total textural variance 

whereas it accounts to. only 75.8% in the surface 

sediment. This increased amount of fine material is 

most apparent in the more northe:'ly stations. 

The texture and general lithology suggests that 

the cores do not penetrate into the underlying glacial 

deposits and that the sediments are of post-Pleistocene 

age. The pattern of sedimentation within the top 

30 ems of all cores appears to have remained remarkably 

constant and is unaffected by the presence of a com-

plex textural stratification. It is thus apparent 

that any changes in the energ of the depositional 

environment have taken place within the broad hydro-

graphic framework observed at the present day in the 

Barents Sea. The increased concentration of fine 

silt and clay in the sub-surface deposits could arise 

ir%/ 
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in two Ways: 

(1) A depoi.tional effect; an overall decrease in the 

competence of the circulation which encourages depo-

sition of fine material. 

(ii) A source effect; an increase in the ainoint of 

fine material available for sedimentation. 

The first alternative seems unlikely in view of the 

complex stratification and the fact that the 25-30  cm 

level does not represent a synchronous period of depo-

sition. A greater amount of fine material would be 

encountered during periods of increased continental 

run-off; it can also be suggested that the continual 

reworking of glacial Pleistocene deposits on the shal-

lowest banks (Kienova, 1960) has been responsible for 

a progressive reduction in the quantity of fine mate-

rial available for redistribution from this source. 

12.3 MINERALOGY 

The mineralogy of the Barents Sea sediments 

appears to remain remarkably constant throughout the 

length of the sediment column. The composition of 

the rock fragments in the coarse-grained horizons of 

sub-surface deposits is very similar to the composition 

observed in the surface sampl. The mineralogy of 

the silt fracY. on also shows little variation and the 

composition at the 25-30  cm level closely resembles 

that observed in the surface sediment. Although the 

overall/ 
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overall clay mineral composition 	sub-surface 

sediments Is known to-remain--broadly constant (Rateev, 

In jüenova, 1960), significant changes do occur in the 

relative proportion of chlorite and illite. In the 

North East, the clay iaterIal at depth shows a marked 

Increase In the amount of chlorite relative to ilhite; 

the chiorite/ilhite ratio in the surface sediments is 

0.23 In Eli 74 and 0.34 In Eli 79, whereas at 25-30  ems 

these values have Increased to 1.27 and 1.24 respec-

tively. Further south, this increased significance 

of chlorite is not so marked; In cores Eli 61 and Eli 

81, chiorite/illIte values of 0.29 and 0.36 are encoun-

tered at the surface which increase to 0.78 and 0.60 

at depth. On the SoutL East Platform (Eli 69) and 

adjacent to the South est Coast (Eli 49), the chlorite/ 

Illite ratio remains constant In spite of significant 

textural variations. The sub-surface chlorites are 

poorly-crystalline clays with a low (001)/(002) peak 

area ratio and appear identical to the 'northern 

chlorites' found at the surface in the north and North 

East (chapter 5). It appears that this distinctive 

clay mineral suite has been more extensi1:; t:veloped 

In the past, and that, conversely, the eri.1 distri-

bution of the southern clays has decreased. 

12.4 LITHOGF1NOUS CHEMIS'T 

It has been shown that the major elements are 

essentially," 



essentially lithogenous in character çchapter 7). 

The averag major element compositions of the differ-

ent size classes of the sub-surface sediments (25-30 

cm) are compared with the compositions observed in 

the surface samples in Table 7.1. The major element. 

concentrations within u sarfld, silt Lind clay do not 

change significantly wi 	the top 30 ems of the cores 

examined and confirm that the mineralogy of the sedi-

ment rmaths more or less constant. However, the 

major element concentration of the total-sediment 

does show slight changes which can be tributed to 

variation in sediment texture. The decreased SiO2/ 

A1203  ratio of the sub-surface total-sediment (Table 

7.1) reflects the increase in fine silt and clay 

material at 25-30 ems (Fig. 4.3). None of the cores 

examined has more than 2.5% calcium carbonate In the 

surface total-sediment sample and CaCO3  does not show 

a very marked variation with depth in the core (.dg. 

12.3). The variation of CaCO3  can be broadly correla- 

ted with the general lithology (Fig. 12.1 	and increased 

concentrations of skeletal carbonate debris can be 

observed in the coarse bands. The distribution of Sr 

within the silt and clay fraction closely parallels 

this development of CaCO3, and the CaCu3/Sr values 

remain constant; there is no evidence to suggest the 

presence :L 	 ioenous Sr-depleted carbonate 

phase In the sub-surface sediments (Fig. 12.3). The 

trace elements Zr, Y, Ni, Zn, Th, Pb and Rb were also 

examined/ 
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examinec Lfl the silt fraction of se ient cores. 

The vertical distri11o, f these elements shows 

little variation (Fig, 12.3) which confirms that the 

essential features of tha silt mineralogy persist 

throughout the length of the cores; the slight vari-

ation in the relative concentration of Zr, Rb, Zn and 

Ni suggests that some variation does occur In the 

proportions of the constituent minerals. Variation 

in the Zr/Rb ratios (ig. 12.3) enables an estimation 

of these relative changes in the silt mineralogy and 

hence, ix accordance with what Is known of the surface 

sediment, an estimate of the textural variation. The 

highest VajUSS of Zr/Rb are found in the coarser-grained 

horizons and suggest a marked Increase in the relative 

concentration of zircon. This Is particularly notice-

able In the prominent coarse-grained band which Is 

immediately beneat.. th surface of ER 79 (Fig. 12.3 

Cf. 12.1) and suggests that heavy minerals are concen-

trated in such horizons. Ni and Zn show an Inverse 

relationship to Zr/Rb and appear enriched In the finer-

grained, micaceous deposits. 

The concentrations of Th, Cu, Ni, Zn, Pb, Zr, Y 

and Rb were determined on the claj fraction of the 

cores. It has been shown (chapter 8) that the distri-

bution of these clements in the surface sediments is 

principally controlled by the terrigenous fraction of 

the sediment. Thus the geochemistry of Rb shows a 

btrong geochemical coherence to potassium and can be 

use 
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used to indicate the level of illitiL material within 

the sample. 2n is moc cloiely associated with the 

chlorite lattiGe, and it is clear that the presence 

of some biogenous and dispersed phases within the 

sediment (section 12..5 below) does not significantly 

influence the distribution of such trace metals. The 

Rb values and trace element/Rb ratios for Eli 49, 69 

and 79 are illustrated in Pig. 12.4. It Is clear 

that slight changes do occur In the clay mineralogy. 

These changes are most conspicuous In the vertical 

distribution of Rb and Zn and confirm that variations 

In the chiorite/illite ratio do occur. Similar vari-

ations can be observed In Eli 61 9  74 and 81. 

12. 	:)N-LTTHOGENOTJS flT'ISTRY 

It Is important to assess the extent of the bio-

genous control before discussing the distribution of 

dispersed phases within the sub-surface deposits. 

The amount of organic matter in the sub-surface sedi-

ment is established by the analysis of organic carbon 

on the total-sediment samples; the nature of this 

material can be more fully appreciated using informa-

tion on the distribution of lodino (Price et al., 1970). 

The Iodine content is entirely dictated by the nature 

and abundance Qf organic carbon whereas the biogenic 

control on the Incorporation of other minor elements 

In the surface sediment is minimal (chapter 10). The 

analyses of untreated and peroxide-treated sub-surface 

clay 
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clays similarly suggests that there is no marked 

biogenic Incorporation of trace metals (Table 10.2), 

and no consistent variation in the concentration of 

these elements occurs that cannot be related to changes 

in clay mineralogy. The sulphur content of the clay 

fraction Is used to asess the extent of sulphate 
ie 

redaction. he analysis of extractibel Fe, Mn, Cu, 
was 

Zn and M wore carried out on the clay fraction and 

on certain total-sedient samples. The analysis of 

D-.Mfl and ID-Fe on the peroxide-treated clay samples 

of core EH 49 is compared with the analysis of the 

untreated total-sediment in Fig. 12.5.  Evidently the 

extractible elements are considerably concentrated in 

the clay fraction and the prior treatment with peroxide 

does not modify the distribution of these elements. 

The discussion of extractible elements is based on the 

analysis of the clay fraction. Phosphorus and arsenic 

were analysed on the same material. 

The organic carbon contcnt of the sub-surface 

sediments varies considerably (Figs. 12.6 and 12.7), 

and increased values of organic carbon are commonly 

encountered In sub-surface layers. A marked surface 

decrease is only conspicuous in T 74 and EH 81. 

Both the nature and the amount of orgnIc material 

Incorporated into the sediment will depend cm the 

rate of primary production and on the conditions of 

deposition. Areas of constant and reasonably rapid 

accumulation may encourage the incorporation of 

unstable/ 
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unstable organic material which is sThsequently broken 

down during burial 	 1965); the combustion 

of such organo material is often responsible for an 

oxygen deficit within the sediment and this, in turn, 

encourages the reduction of sulphate and the subsequent 

formation of diagenetic sul hide phases (Kaplan et a, 

1963)o However, the sulphur content of the sub-surface 

clays never rises above 500 ppm (Figs. 12.6 and 12.7) 

and there is no evidence to suggest the presence of 

reduced phases of sulphur. The iodine content of 

the sediments falls drastically with depth (Figs. 12.6 

and 12.7; data from Price et al., 1970). This contrasts 

markedl ith the situation observed in areas of conti-

nual accumulation which are characteriaecl by a regular 

lose of iodine relative to carbon during burial (Price, 

op.clt.) and the distribution 01 iodine in cores EH 69, 

74, 79 and 81 suggests that the sedimentation is not 

continuous. This suggestion can be confirmed by a 

textural examination (Fig. 12.1) and is exemplified 

by core EH 79; the core shows a pronounced coarse 

band 1tween 5-10 cm and exhibits a fall in the concen-

tration of both iodine and carbon, with I/( values 

dropping dramatically from 284 to 51 (x10). This 

coarse layer is also marked by u sharp rise i. the 

Zr/Rb ratio within the silt fraction (Fig. 12.3). 

The variable organic carbon content of the other sub-

surface sediments can also be broadly correlated 

with similar changes in sediment texture and the 

marked/ 
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:iarked zurface fall-off of oranic C .rbon in H 74 

and 81 parallels the development of an increasingly 

coarse texture with depth (Figs. 12.6 and 12.7 c2. 

12.1). It is suggested that these coarser-grained 

deposits reflect periods of reduced or retax'dd sedi-

mentation; under 'ich conditions, any organic material 

remains at or close to the sediment/water Interface 

for a greatly Increased period of time, and Is parti-

ally oxidised and remlneralised before burial.. The 

consumption of oxygen by organic decomposition within 

the sediment and the general intensity of the diagene-

tic environment are both considerably reduced. This 

limited combustion of organic materials within the 

Barents Sea sediments Ic reflected in the low sulphur 

content and in the persistence of yellow-brown depo-

sits; a yellowish-brown colour I a characteristic 

feature of Recent oxic sediments (Sevastyanov and 

Volkov, 1967; Swift and Boebmer, 1972). The sediments 

of the Barents Sea assume an olive-grey colour on 

treatment with hyclrooxylamlne hydrochloride and acetic 

ac, which indicates that the yellow colour Is Impar-

ted by the presence of dispersed phases Of iron and 

manganese* ft similar situation is observed by Turner 

(1971) in the sediments of the adjacent Kara L.:a, and 

the frequent crrrence of rust coloured bands has 

been noted in the sediments of the northern Barents 

Sea (Klenova, 1960; l3elov et a].., 1968). 

The non-uniform distribution of B-Fe and B-Mn Is 

apparent/ 
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appareL.t from Pigs. 12.6 and. 12.7. •11 cores show the 

presence of aub-suxJ"'acu 	enriched in extractible 

metals; value over 1.5% fl-Fe and 0.OLW0 fl-Mn are en-
countered, iron and manganese are closely associated 

(Fig. 12.5, El 49) and the variation in the  

ratio is less than that not_ 6L in the surface sediments. 

Although the distribution of D-Cu. U-Ni and fl-Zn 

parallels the distribution of the major extractible 

components, the concentration of these elements is 

very low and no greater than the concentration observed 

In the surface deposits (5 ppm). The strong geochemi-
cal coherence between As and P 2  0 5 

 was noted in the 

sub-sur.ace deposits; the As/P205  ratio remains broadly 

constant. 

Aa203/P205  rLtiOs (x10f 2) 

Mean 	RanggL 	 Location 

3.5 	(25 — 4.7) 	12 ferromanganese concretions, 

Black Sea  

3.7 	(1.1 — 5.1) 	f4 ferromanganese concretions, 

Loch Fyne 2 

3.2 	(i.L. — 5.1) 	6 total-sediment surface 

samples, arants Sea 

1.5 	(0.6 — 5.3) 	64 clay fraction surface 

samples, Barento Sea 

1.4 	(0.5 - 2,4) 	69 clay fractionsub-surface 

samples, Barents Sea 

1.3 	(0.9 — 1.4) 	16 yellow-brown oxidized muds, 

Black Sea  
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0.5 	(0.2 — 0.9) 	13 grey reduced muds, Black Sea1  

1sevastyanov (1967) 	2Calvert and Price (1970) 



Th: average D-fe/P205  ratio of .Jie 75 sub-surface 

samples is 2.11 which is very similar to the average 

surface figure of 2.14. The close association of 

extractible iron, phosphoreus and arsenic was observed 

in the surface sediments and clearly persists through-

out the length of Pll the cores examined. The marked 

geochemical coherence of arsenic and phosphorous Is 

only observed in oxic environments where both elements 

exist in the perLtavalent state and form oxyanlons 

(Bliskovsl'iy et al., 1968). These anions are readily 

absorbed by ferric hydroxides (sovastynov and Volkov, 

1967; Calvert and Price, 1970). In anoxic sediments, 

the close association of arsenic and phosphorous breaks 

down and the As207/P205  ratio decreases considerably 

(sevastyanov, 1967, see above; Bonatti et a).., 1971)e 

The diagenetic formation of iron-phosphate minerals 

appears to take place under mild reducing conditions 

(Rosenqvist, 1970; Nrlagu, 1972), and it has been noted 

that As shows no clear correlation with P205  in sedi-

mentary phosphates (Bliskovskly, oj.cit.). It can be 

concluded that the extractiblo Iron in the sub-surface 

deposits Is present as a dispersed oxido 'se. The 

As and P205  contents suggests that these phases are 

similar In composition to those forming at the present 

day In many of The surface deposits; there Is no 

suggestion of diagenetic modification. 

The maximum concentration (440 ppm) of dispersed 

manganese in the jab-surface deposits is an order of 

magnitude/ 
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magnitude greater than the values normally encoun-

tered in the surface deposits. The D-Mn/D-Fe ratio 

of the sub-surface sediments shows no consistent 

separation of these two extractible phases and high 

values of D-Mn are intimately associated with layers 

enriched in iron oxides. The situation in the Barents 

Sea is clearly different :om that encountered in 

recent deposits characterised by sub-surface reducing 

conditions. Manaanese oxides are more readily 

reduced during burial than those of iron and the die-

genetic processes of dissolution, migration and sub-

sequent differential oxidation, are responsible for 

a variation In the distribution of non-detrital iron 

relative to non-detrital manganese (Yuan-Hul et al., 

1969; Bischoff and Teh-Lung Ku, 171;  3onatti et al., 

1971). The increased mobility o:: manganese results 

In a considerable variation in Mn/Fe ratios, and a 

tendency for a stratigraphic separation of ins: .;:neee 

and iron (Price and Calvert, 1970; Turner and Harriss, 

1970; Bonattl, 1971). The formation of diagenetic 

manganese carbonates has been reported In Mn-rich near 

shore sediments where It coexists with Mn and Fe oxides 

(Calvert and Price, 1970). The maximum D-Mn concen-

tration in the sub-surface sediments allows for less 

than 0.3% Mn-carbonate; this level is not detectable 

by mineralogical analyses. However, Mn-carbonates 

differ from biogenous carbonates in showing a relative 

enrichment in Cu and a considerable depletion in Sr 

(Calvert/ 

155 



TABLE 12.1 

FACTOR ANALYSIS OF SUB-SURFACE SEDIMETS 

Scaled varimax factor scores 

VARIABLE FACTOR I FACTOR 2 FACTOR 3 

D-Fe 2.101 0.035 1.822 
D-n 1.781 -0.327 0.699 
D-Zn (.00 1.622 1.272 
D-Cu 0.09'; 1.228 0.631 
D-.N1 0.192 1.358 0.015 
Crg (T) 1.329 0.020 -1.033 
CaCO3(T) 0.827 0.344 0.331 
Pb 0.201 1,023 -0-563 
As 0.756 0.675 0.394 
Zn -0.384 1.653 -0.236 
Cu -.0.128 1.288 0.520 
Ni -0.250 1.721 0.203 

P20 5 1.043 0.867 1.857 
S 0.853 -0.056 -0.253 
Th 0.536 1.028 -0.254 
Zr -0.157 1.261 -0.765 
Y 0.979 0.457 -0.926 
Sr -0.614 1.671 -0.640 
Rb -0.610 1.789 -0.552 
Zr(s) 0.637 0.034 -1.324 
Y (a) 1.507 -0.108 -1.196 
Sr(s) 0.240 0.380 -2.204 
Rb(s) 0.857 0.183 -1.713 
Zn(s) 1.829 -.0.297 -0.500 
Ni(s) 1.782 -0.235 -0.448 

EIGENVALUE 	26.55 	4.53 	1.25 
CUMULATIVE 	75.86 	88.82 	92.39 
VARIANCE 

(a) Analysis of silt fraction 

(T) Analysis of Total-sediment 

All other variables determined on the clay fraction 



(Calvert and Price, qp.cit.) and these features cannot 

be observed in the horizona enriched in extractible 

Mn. The close association of D-Mn with D-Pe suggests 

that Mn is present as an oxide and that the d.iagenetic 

processes are not actively developed. 

The nature and distribution of the non-lithogen-

ous components of the sub-surface deposits can be more 

closely related to primary depositional events rather 

than to post-depositional processes occurring within 

the sediment. These variations in the original deposi-

tional erivironmnnt are responsible for the observed 

stratification of textural, mineralogical and chemical 

components, and are more fully discussed in Section 

12.7 below. 

12.6 FACTOR ANALYSES 

The -mode analysis (see chapter ii) of sub-surface 

chemical data enables the variation in sediment chem-

istry to ie defined in terms of a limited number of 

hypothetical variables or factors. This 8nalysis 

employed 25 variables and was carried out on cores ER 

49, 69 and 79; a total of 35 samples. 	le 12.1 

illustrates that only 3 factors have signif1c'nt 

eigenvelues and that these factors account for over 

92% of the total variance. The scaled varimax factor 

scores are also illustrated in Table 12.1 9  and the 

varimax factor loadings for each sample are plotted 

in Fig. 12.8. E::tractible iron and manganese are 

the/ 
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the iusjor coxcpolieits o . 1actor 1, 	it ±3 eicLr tat 

the non-uniform distribution of D-Mn and D-Fe Is the 

most Important source of chemical variation in the 

sub-surface sediments. In Factor 1, D-Mn and D-Fe 

are associated with carbon, P205 and certain elements 

(Y, 2n, Ni) within the silt fraction; the distribution 

Y, Zn and Ni is primarily controlled by the abundance 

of mica and chlorite, which suggcsts that an enrich-

ment with di spar c: oxide phases of iron and manganese 

tends to be paralleled by a relative increase in the 

mica and chlorite content of the silt fraction. Mn 

and Fe are strongly Interrelated in Factor 1, but the 

association with P 2  0 5 is not prominent. 
The covari-

ance of D-Fe and fl-Mn ith organic carbon is more 

significant and could possibly bc related to an increas-

ingly fine texture in those bands showing an enrich-

ment in D-Fe and D-Mn; a finer grain-size has already 

been suggested by the increased mica content of the 

silt. However, an increase in organic carbon does 

not necessarily Imply a finer grain-size as changes 

may have occurred in the rate of primary production. 

Certain horizons with a high loading of Factor I are 

	

undoubt.di coarser-grained than 	ual (e.g. T5H 79); 

their coarse texture is evident from the increased 

Zr/Rb ratio within the silt (Fig. 12.3) and from an 

examination of the general lithology (Pig. 12.1). 

Nevertheless, the overall covariance of the major 

extractible elements with organic carbon, and with 

7,n,/ 
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Zn, M and Y in the silt does 	that -En and 

D-Fe can also be enriched in finer-grained deposits. 

In the absence of quantitative information on the 

grain-size distribution, it is not possible to resolve 

the exact nature of the textural control on the distri-

bution of D-Fe and D-Mn, but clearly an enrichment in 

these metals is invariably coincident with changes in 

sediment texture. 

The distribution of Factor 3 is very similar to 

Factor 1 9  This factor is determined by the strong 

covariance of D-Fe with P205, in the conspicuous 

absence of D-Mn, and suggests a specific iron-phosphate 

phase; it has already been shown (chapter 10) that 

D-Mn shows no direct relationship to P 2  0 5 
 in the Bar-

face sediments. The positive covariance with extrac-

tible zinc suggests that some zi:e is associated with 

this dispersed iron phosphate. 

Factor 2 is determined by the lithogenous trace 

elements held within the clay minerals. The mutual 

covariance of such unrelated elements as. ITh and Zn 

emphasises that changes in clay mineralogy are not a 

major source of chemical variation within te sub- 

surface 	diment. It appears thrt extractible Zn, 

Cu and Ni can also be related to the concentrtiofl 

of the lithogenous fraction which confirms the sugges-

tion (chapter 10) that a proportion of the extractible 

trace elements, especially in the cases of D-Cu. and 

D-Ni, are leached from the detrital clay lattice. 

12.7/ 
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12.7 	 i)i 	LL 	; 	IJfl 

The existence of highly distinctive, unconsoli-

dated deposits underlying the surface sediments of 

the Barents Sea has been documented in previous 

investigations of this region; these sediments are 

extremely poorly-sorted, partially-compacted, glacial 

clays with a negligible organic carbon content and an 

absence of biogenous carbonate (Kienova, 1960; Dibner, 

1968). The corer 1nvestiateci in this stu:Th-  do not 

penetrate such deposits and the sediments described 

in this chapter reflect post-Pleistocene or Holocene 

sedientat1on. 

Sub-surface layers enriched in manganese and 

iron oxides are widely distributed in the North Siberian 

seas and in the Arctic Ocean. Their existence has been 

ascribed by Russian investigators to changes in the 

conditions of sediment deposition (Yermolayev, 1948; 

Belov et al., 1968); this viery has recently been con-

tested by Yuan-Hu.l et a. (1969)  and by Turner (1971). 

The latter authors refer to the homogenous texture of 

the sediments and the conspicuous lack of covariance 

between Mn and Fe, which they attribute to diagenetic 

redistribution and the increased mobility of manganese 

relative to iron. In the sub-surface sediments of 

the South West Barents Sea, D-Mn and D-Fe show a 

strong covariance and an enrichment in these metals 

rarely occurs within sediments that apDear homogene-

ously fine-grained. The complex textural stratification 

suggests," 



gesto that the energy of the depoLiitional environ-

ment has varied considerably during the Holocene. 

The textural changes are usually accompanied by a 

sharp rise In the concentration of the extractible 

phases of iron and manganese, by a sharp drop in the 

iodine content, and a ccnsIcrable fall in the i/C 

ratio. It has been argner. shove (Section 12.5) that 

these aspects of non-lithogenous chemistry reflect 

depositional event-- and are not caused by diagenetic 

modification after burial; certain horizons appear 

to represent periods of retarded or re'Jaced sedimenta-

tion and show increased Zr/Rb ratio within the silts 

related to a pronounced coarsening of the texture. 

All variations in sediment textures are gradatioiol 

rather than sharply delineated, Implying a gradual 

rather than an abrupt change In the depositional 

environment. This textural stratification is not 

accompanied by significant changes In the overl1 

mineralogy of the silt or san!, although on the renewal 

of fine grained deposition the proportion of chlorite 

to il].Ite within the clay fraction may change slightly. 

The frequent changes In the charac 	of sedi- 

mentation may be related to variation In the intensity 

of the circulation. The penetration of Atlantic 

waters is the most important feature of the hydro-

graphy, and there is considerable faunal evidence to 

suggest that the degree of penetration has varied 

considerably during the Holocene* This is manifest 

in/ 
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in the existence of numerous relict and fossil species 

of boreal benthic fauna throhout the entire south 

western Barents Sea; Zenkevith (1963) refers this 

relict fauna to the Littorina stage which extended 

from approximately 7-'5000B.P. The distribution of 

molluscs in the Lolocene sediments o the White Sea 

(Govberg, 1970) suggests several stages of faunal 

development. Thus an early post-glacial period with 

a limited fauna was succeeded by a rich and diverse 

boreal benthos during the climatic optimum; the sub-

sequent climatic deterioration caused the extinction 

of much of this fauna. At the present day, the renewed 

Influx of warm Atlantic water into the White Sea has 

been responsible for the re-establishment of a rich 

fauna. Recent hydrographic surveys also attribute a 

transient character to certain aspects of the circu-

lation In the north eastern Barents Sea and in the 

adjacent Kara Sea; Garcia (1969) restates the view of 

Nansen (1902) that the boundary between the warm and 

cold currents is not a stable feature. It Is suggested 

that the increased penetration of Atlantic waters Into 

the Barents Sea causes a swifter cIrcuL.tion and such 

events are reflected in the coarser-grained horizons 

of the sub-surface sediments. Belov et al. (1968) have 

shown that the horizons enriched In iron and manganese 

oxides within the sediments of the Arctic Ocean are 

characterised by an abundant Atlantic fauna; this 

supports Yerinolav ts (1948) earlier hypothesis that 

the 
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these oxide layers are deposited when the influence 

of Atlantic waters is greatest. 

The maximum penetration of Atlantic water into 

the Barents Sea, around 7000 B.P. is also coincident 

with the poet-glacial climatic optimum* There have 

been considerable elimtic fliictuatiors since the end 

of the last major glacition (see Lamb, 1971); these 

fluctuations are considered to be responsible for L. 

well-defined gloi]. sea-level changes since the esta-

blishment of the post-Flandrian transgression limit 

in the Littorina stage of the Holocene (Berglund, 

1971; Morner, 1971; Ward, 1971). Such eustatic van-

ationain sea-level emphasise that the waxing and 

waning of the ice sheets persists throughout the oct-

Pleistocene period (Griggs et al., 1970; McKenzie and 

Goldthwaite, 1971). There is also much evidence to 

suggest that the transition period between these 

climatic amelior 	is marked by a aiiifict 

increase in stormi(Ine 3  (ilson and Hendry, 1971). 

The Barents Sea occupies a position whieb Is unusually 

sensitive to such climatic fluctuations (Lamb, 1965)9 

and minor changes In surface temperaturL;L have a pro-

found effect on the extent of ice-cover, the persis-

te ce of permafrost and the amount of continental run- 

It can be concluded that a certain instability 

Is Imparted to the'Barents Sea circulation due to a 

variation in the degree of penetration of warm Atlantic 

waters. During priods of maximum penetration, 

circulation! 
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circ.ü ion IS ore active .tndthi' may aloo -be 

accentuated by an increase in the influence of violent 

storms; such Deriods are characterised by well-aerated 

waters and reduced rates of sedimentation which encour-

age the formation of dispersed phases of iron and 

manganese. A gx'cater inflov of continental drainage 

would increase the amount of Fe and Mn available in 

the water column and may also be a significant factor 

in the formation of ouch layers. These changes in 

the depositional environment do not involve any changes 

in the mineralogical composition of the sand and silt, 

but changes in the chiorite/illite ratio of the clay 

fraction can be clearly related to t1e varying pene-

tration of Atlantic waters; during periods of maximum 

penetration the illite-rich clay province of the south-

ern region appears to predominate over the distinctive 

northern chlorites. The fact that organic carbon 

shows increasingly high values in some of the coarser-

grained sub-surface deposits suggests t1t an increased 

rate of primary production may also be associated with 

thece events. 

An accurate evaluation of the rate c deposition 

of the post-Pleistocene sediments Is not possible in 

the absence of C14  dates from the sub-surface deposits. 

It is however possible to establish the approximate 

order of magnitude. The cores used in this study vary 

in length from 80 cm, in the Western Trough and Central 

Depression, to 3C cm at the shallowest stations on 

the/ 
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the edge of the Louth ast Platform and on the Bear 

Island - Sitzbergen Bank. Assuming that the Holocene 

period begins about 10,000 B.?., and that this length 

of sediment represents the entire post-glacial succes-

sion, the minimum sedimentation rate varies between 

3i8 cnV1000 years. 

Any estimate of the overall sedimentation rate 

in the outh West Barents Sea cail only be discussed 

in the very broadest terms; it is evident that the 

rate of deposition varies considerably when considered 

on either a geographical or temporal basis. The geo-

graphical variation in the rate of deposition is 

corroborated by the work of Price et a. (1970) who 

observed the rapid fall-off in I/C ratios occurring 

in the areas of lees active deposition, whereas the 

Western Trough and the Central Lereseion are charac-

terised by relatively rapid and continuous accumulation 

with a correspondingly much slower decrease in I/C 

values. Dither (1968) records over 3 in of Holocene 

sediments in parts of the western Trough and this 

suggests rates of sedimentation in excess of 30 cnV1000 

years within the regions characterised by maximum fine-

grainedeposition. Converely, n the shallowest 

banks and platforms, the rate of deposition is consi-

dered to be extreuiely low and Kienova (1960) believes 

that active erosion is taking place. These areas 

were unfortunately not sampled at dei? 	less than 

100 in, and it is not possible to amplify these important 

conclusions./ 
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conclusions. However, a complex tatification is a 

conspicuous feature of the sediments adjacent to 

these shallower banks and platforms, and suggests 

that the areal distribution of such non-depositional 

zones was greatly extended during periods o: more 

active circulation. 
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ION 

13.1 A COMPARISON OF THE RECENT SEDIMENTS OF THE 

BARENTS SEA WITH THE SEDIMENTS OF OTHER MODERN 

SHELF SEAS 

(1) Physical nature of sedimentation 

Large areas of the Barents Sea shelf are mantled 

by coarse-grained sands and muddy sands; sandy mud and 

mud are confined to depths of over 300 metres in the 

deeper basin, and deposits of clay (terminology of 

Polk, 1954) are not found in the surface sediments of 

the southern Barents Sea. The texture of the coarse-

grained sediments is completely different from the 

texture of underlying Pleistocene deposits (Dibner, 

1968) and it appears that the surface sediments are 

in equilibrium with the present day hyd.rographic 

environment. The I/c ratio of the sediments O - 5 ems) 

is consistently greater than the I/c ratio observed 

in the sub-surface sediment and suggests that the or-

ganic material is recently incorporated. This evidence 

confirms the initial assumption that th 	aracter of 

the surface sediments reflects the present deos1tionai 

exivironment and has not been inherited from the Pleisto-

cene. However, the shallowest regions of the sea were 

not samjlcL in this study and it appears that the re-

working of ancient sediments in such areas represents 

an important source of recent detritus in the southern 

par 
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part of :O sea aciova, i,Eo). it is evident from 

the coarse-grained, polymodal character of the s edi-

ments adjacent to these banks and shoals that there 

is a lack of fine-grained deposition over much of the 

south western Barents Sea. 

A study of the textural and petior:raphic varia-

tion of the silt and sand fraction indicates that 

different source areas exist in the southern and 

northern parts of the sea, and that the recently 

deposited sediments of the major depositiona]. basins 

(the Western Trough and the Central Depression) are 

derived from more than one source. The Bear Island - 

Spitsbergen Bank, the northern shoals of Novaya 

Zemlya, and the South East Platform are large areas 

of positive relief and appear to contribute petro-

graphically distinct detritus Ifito the basins of the 

southern Barents Sea, The deep-water sediments faind 

along the South West Coast are subjected to strong 

bottom currents and this area appears to constitute 

a fourth important source of detritus. 

lthough Curray (1964) has pointed out that no 

two shelves are alike in morphology, encj input, 

rate of sediment u.-)ply and eneral stability, it is 

clear that the pattern of sedimentation on the Barents 

Sea shelf is aiinilar to that found on other glaciated 

shelves. The scti 	redistribution of Pleistocene 

Bank deposits Is a characteristic feature of such 

ares.s and many authors have stressed that fine-grained 

deposition/ 
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deposit .n is comparatively rare on high-latitude 

continental shelves (Curray, 1965; James and Stanley, 

1965; Emery, 1968). This absence of fine-grained 

sediment is remarkable as Pleistocene boulder clay 

contains, on average, over 30% of silt and clay-

grade material (Veenstre, 1971). This apparent lack 

of fine-grained sediment my be partially attributed 

to incomplete sampling and it is clear, from this 

study of the Barents Sea, that deposition of fine-

grained sediment does occur in certain areas of the 

continental shelf (cf. MeCave, 1971). The nature of 

fine-grained sedimentation on continental shelves is 

a much neglected field of study and most authors have 

accepted that mud is either trapped in estuaries and 

deltas, or is retained in suspension and completely 

bypasses the shelf (Swifts  1970). 

The mud In the southcrn and northern parts of 

the Barents Sea Is evidently derived from different 

sources. 'loll-crystalline chlorite, clay-grade mica 

and fine amphibole debris are dominant In the clay 

fraction of the southern part of the sea. ,,,his assem-

blage Is similar to the material found LI the silt and 

sand fraction and suggests that" the southern clay 

fades Is a rock flour derived from the same local 

sources as the silts and sands. The clay of the 

northern rt of the area examined clearly oversteps 

the distribution of the more localised assemblages of 

sand and silt, and is predominant in the northern 

part! 
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part C. he 	 121ough and Gentr..i Jjercsiou. 

The distribution of the northern clay fades can be 

closely related to the distrition of the cold north-

ern water mass (Zenkevitch, 1 963), whereas the southern 

clays are found in areas of Atlantic water. It is 

suggested that the relativc ;ovement of these two major 

water masses controls both the nature and abundance 

of clay-grade sediment in the Barents Sea. Much of 

the cold northern water origina 	by admixture of 

Siberian continental run-off with arctic ocean water 

(Milligan, 1969) and enters the Barents Sea between 

Novaya Zemlya and the Franz Joseph Land archipelago 

(Garcia, 169). The Ob and Yenisei contribute over 

40 Million tons of solid suspended matter annually 

(Nesterova, 1960; Table 7 in Kuhikov, 1971) and it is 

probable that much of this fine suspensate is carried 

into the northern Barents Sea. The influence of the 

Siberian drainage on the distribution of extractible 

iron and manganese in the northern Barents Sea has 

been discussed elsewhere (Gorshkova, 1966; chapter 10) 

and emphasises the importance of continental drainage 

in the northern part of the sea. Chan 	In clay 

mineralogy, and in the concentration of dispersed 

oxides, within the sediment also suggest the influence 

of this northern water mass. Transport of fine sus-

pended matter over much greater distances has recently 

been described by McManus et al. (1969) who show that 

a large part of Lhu suspended matter from the Yukon 

River,' 
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.iver i.-, cirriud inLo Uldle, rctic 	 LLtrc studies 

in the Barents Sea should be directed towards an 

examination o the suspended matter present in the 

water column. 

(2) The gepchemj.cal character of the sediments 

The sediments of the routhern Barents Seae 

predominantly terrigenous in origin and are only 

very slightly modified by the presence of non-lho- 

genous phases* Apart fromirt's (. ., b) studies 
in the, wL o ?aLa, 

of continental shelf sediments 	ivesi tiona of 

oxic sediments have been confin 	the study of 

deep-see deposits and pelagic teed clays. The role 

of organic matter in diagonesis has been emphasised 

by Bordovskiy (196) and has led a number of authors 

to postulate that organic matter is the most impor-

tant, control on the distributlor. of many trace elements 

within recent sediments. However, the strong correla—

tions of most of the minor metals with organic carbon 

need not imply a geochemical association; the amount 

of organic matter is usually proportional to the 

weirht of clay and it may be the latter factor, and 

not necessarily the organic carbon cont:nt, that deter-

mines the concentration of the minor metals. Neverthe—

less, the combustion of organic matter is cerainly 

an important factor in the establishment of an oxygen 

deficit within thie sediment and this, ! turn, encour-

ages the formation of anoxic conditions and the reduc-

tion of suiphato. In such environments, organic 

matter/  
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matter 	an iorai contoi on t 	iroctioii and 

intensity of the diana tie process and anoxic sedi-

mentB may be strongly modified during burial (Doff, 

1970). The situation in oxic shelf sediments is 

clearly completely difierent. 

An examination of the .-surface deposits in 

the Barents Sea suggests that diagenetic remobilisation 

of the oxidate components of the sediment is not tak-

ing place and that changes in the nature of the primary 

depositional environment are more significant than 

diagenetic modifications. The persiatence of oxic con-

ditions within the core is not unusual in shelf sedi-

ments and iarlowe (1968) records priary iron oxides 

throughout the length of 3-metre cores taken from the 

Baffin Bay. The examination of entire stratigraphic 

sections of Recent and sub-Recent sediments promises 

to greatly increasu our knowledge of diagenesis. 

Bostrom et al. (1971) have shown that oxic deep-sea 

sediments show very little alteration upon burial; 

there Is no major migration of manganese (usually a 

sensitive indicator of diagenesis; Price and Calvert, 

.1970) throughout a core which penetrate into Upper 

Cretaceous sediments. Similar work suggests that 

diagenesis has no profound effect on the composition 

of the clay minerals (Bucke and Mankin, 1971; Dreverp 

1971). The limited role of diagenesis in oxic sedi-

ments suggests that secondary diagenetic modifications 

after burial may not be as important as primary 

changes/ 
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important factor to be considered in the interpreta-

tion of the stratigraphic record. 

13.2 SHELF SEDIMENTS IN THE STRATIGRAPHIC RECORD 

The unubual nature of modern continental shelves 

1t..ia su.g.ested that there is a fundamental ten- 

sion in the science of geology between the present and 

the past, and this has arisen rtly through the increased 

awareness that the post-orogenic, poet-glacial character 

of the Holoceic is geologically .at cal, and partly 

because diagenesis has remained a poorly-defined, 

enigmatic phenomenon that limits the strict application 

of uniformitarian principles. Such limitations are 

important but may have been overstated in recent years; 

it is clear that morphological equivalents of the 

present continental shelv have existed in most geo- 

logical periods. Sediments deposited in such areas 

have a greater possibility ol preservation than the 

sediments deposited in most other environments (Kukal, 

1971) and this is clearly illustrated by more or less 

continuous sedimentation on the Barents a shelf 

since the Upper Palaeozoic. 

The  study  and inteMretati2n of ancient shelf 

sediments 

The variation in sediment texture in the southern 

Barents Sea bears no clear relationship to the distri-

bution of the neibbouriflg landmass, and the grain-size 

of/ 



of the einent is riot directly dependent oii the depth 

of water. hue the sediments found along the South 

West Coast closely resemble the shallow,, coarse-grained 

bank deposits but occur at depths of over 300 metres. 

These observations suggest that grain-size is not an 

infallible criteria in reconstructing the water depth 

of ancient environments. 

The mineralogy and terrigenous chemistry of the  

Recent sediments suggests that a detailed study of 

the petrography of ancient sedimentary rocks may 

revel7a impoitnt dificrences in the ce?osition  of appa-

rently homocnoui sediments. This is particularly true 

of the finer-grained sediments; these have lcen compa-

ratively neglected although they prodorninate in the 

geological column. Wilson (1971) has shown that the 

clay mineralogy of the Old Red. sandstone (Devonian) 

is essentia11 detrital in origin and that it can be 

used to differentiate different sediment sources; such 

studies could be amplified by an examination of the 

clay chemistry. The examination of the '_';,-- rents Sea 

sediments also suggests that lithogenous ch:.mistry 

may be a considerable aid in the provenance studies 

of ccae-grained sediments. In addition, certain 

features of the mineralogy and lithogenous chemistry 

contribute information on the nature of the deposition-

al environnent and it is suggested that the aialyais 

of major and minor elements (such a 	A1203, Fe203, 

Zr, Rb) would provide a rapid and precise method of 

determining/ 
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de term itin the relative propoertionL; of the tiiot 

important constituent minerals. It appears that the 

non-lithogenous chemistry of open shelf sediments may 

not be modified significantly on burial and the 

presence of horizons enriched in iron-oxides can be 

used as an indication of thoroughly oxic conditions of 

deposition. The interrelationship of textural and 

oxide stratification may aid the recoiition and inter-

pretation of stratigraphic hiatuses. 

The examination of Recent shelf sediments empha- 

sises that one single feature of 	:rt ].ithology 

is rarely diagnostic of a particular sedimentary 

environient. For this reason, it seems necessary to 

reexamine many of the ancient deposits employing a 

variety of analytical approaches. It is suggested that 

the detailed mineralogical and chemical analysis of 

the different grain-size lasses may prove a useful 

tool in stratigraphic analysis. 

It has been suggested (:lenova, 1960; :rnelyanov 

et al., 1971) that the areas of positive relief in 

the Barents Sea represent structural axes and that 

these have controlled the history of seJi ,entation 

since the Upper Palaeozoic. If this is true, it 

follows that the distribution of sediments in the 

present Barents Sea may be an important key to the 

nature of the underlying sedimentary rocks. It can 

be anticipated that the Mesozoic sediments of the 

Barents Sea shel vill prove to be an important area 

for future mineral exploration and some oil prospects 

have already been Investigated in the Spitsbergen region. 
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TABLE Al 

CORE STATIONS; ERNEST HOLT 0RU.E, 

.CL11  , 1968 

tation 	Lat N 	Lung , 	.iiepth(m) 	Core 
Number 	 Li.gth( ems) 

ER 33 7i.5 19.18 139 28 
EH 34 73.45 19.29 289 14 
ER 36 72.58 20.14 439 84 
EH 38 72.10 21.18 325 76 
ER 40 71.22 22.10 317 48 
Eli 42 71.41 24.16 283 67 
ER 43 71.31 28.40 344 68 
EH 45 71.30 26.08 271 41 
ER 47 72.19 25.41 247 32 
Eli 49 73.09 25.21 402 70 
ER 51 73.58 24.7 439 64 
Eli 53 74.48 24.30 165 49 
Eli 55 74.57 26.26 229 22 
Eli 56 74.55 28.23 333 46 
ER 57 74.22 30.31 302 36 
EH 58 74.00 30.31 315 69 
Eli 59 73.30 30.30 357 60 
EH 60 73.00 30.30 256 56 
Eli 61 72.30 30.30 274 70 
Eli 62 72.00 30.30 357 68 
EH 63 71.30 30.30 269 75 
Eli 64 71.00 30.30 302 76 
Eli 66 70.00 37.00 150 48 
ER 67 70.15 38.13 188 55 
Eli 68 70.30 39.25 187 58 
EH 69 70.43 40.35 234 42 
EH 71 71.17 43.30. 229 53 
Eli 72 72.00 44.10 297 77 
ER 73 72.32 42.50 256 52 
Eli 74 73.08 41.53 305 55 
Eli 76 73.33 40.09 265 54 
EH 77 73.24 38.11 225 43 
ER 78 73.24 35.52 230 64 
Eli 79 73.24 33.32 254 63 
EH 80 72.58 34.17 199 43 
ER 81 72.31 35.00 272 73 
Eli 82 72.05 35.48 245 58 
EU 83 71.40 )6.30 260 41 
Eli 84 71.12 35.56 165 52 
Eli 85 70.45 35.22 166 46 
Eli 86 13 34.50 254 89 
Eli 87 6. 34.30 208 78 

EH* 720 75.10 17.18 196 42 
EH*1010 72.53 18.00 402 50 
EH*1030 	- 71.38 20.20 256 61 

*November 1968 



TAir r1 A .i.4iTh J. 

STATIONS; BRITISH MUSEUM 

STATION LAT N LONG E / 
DEPTH(m)COLLECTION 

METHOD OF 
NUMBER 

3M 1 70.07 17.28 91 Corrlcal dredge 
3M 2 70.09 17.12 181 Corrlca]. dredge 
3M 3 70.29 17.27 192 Cornea], dredge 
BM L 70.32 18.23 192 Cornea], dredge 
3M 5 70.50 18.00 170 Core 
3M 6 71.27 16.41 485 dredge 
3M 7 72.21 16.38 373 Core 
3M 8 73.28 16.32 460 Dredge 
3M 9 75.11 22.14 64 Dredge 
3M 10 73.20 22.24 441 Deep sea Lucas 
3M 11 72.32 22.24 366 Deep sea Lucas 
3M 12 71.30 25.00 314 Core 
3M 13 73.21 25.29 421 Dredge 
BM lLi. 74.30 25.00 332 Core 
3M 15 25.48 247 Dredge 
3M 16 74.31 28.25 379 Dredge 
3M 17 73.29 27.58 349 Dreue 
3M 18 72.31 2757 287 Dredge 
BM 19 71.15 27.54 260 Dredge 
BM 20 70.27 3i.39 353 Core 
BM 21 71.26 33.23 272 Core 
3M 22 71.44 31.48 313 Core 
3M 23 72.17 31.41 287 BalUle rod 
3M 214. 73.30 33.114. 282 Dredge 
3M 25 714.31 31.26 214.9 Core 
BM 26 714.30 36.22 214.3 Dredge 
BM 27 714.,32 38.145 17 Balille rod 
3M 28 73.29 36.05 261 Dredge 
3M 29 73.29 39.03 261 Dredge 
3M 30 72.33 39.00 282 Dredge 
3M 31 72.31 36.03 2314. Core 
BM 32 71.29 36.214. 334 Dredge 
3M 33 71.28 38.20 336 Dredge 
BM 314. 70.144 36.14.5 163 Core 
3M 35 70.36 3.142 199 Dredge 
3M 36 70.28 34.09 214.9 Dredr>e 



TABLE A 3 GRAIN S.L DATA FOR SURFACL SiJDIMIWTS 

WiIGllT 	AT Pfil INTiiVAIJ 

Ik1s. -1-0 0-1 1-2 2-3 3-1+ 4-3 5-6 6-7 7-8 89 9 

33 0 1.3 15.9 21,5 14.8 3.1 2.5 9.2 2.2 5.4 24.1 
Ui 6 0 0 0 6,2 26.7 6.3 3.8 9.. 6.2 7.0 34.6 
ff 8 0 0 0 8.6 12.) 11.5 1.7 6.0 ,8 5,0 33.5 
Ji 40 0 0 1.6 15.7 17.2 10.7 7. 5.8 8.9 3.6 29.2 
th +2 0 0 0 10.9 43.1 14.5 4.1+ 4.9 5.7 2.1+ 16.1 
bIL 45 0 0.8 19,5  56.0 18.1 0.7 0.2 0.6 1.2 0.2 2.7 
iI1 47 0 0 1.) 26.2 35.1 ii.8 4.8 3.5 2.7 0.8 1.2 

49 0 0 0.1 9.0 7.3 2.1+ 12.5 6.1+ 6.1+ 42.8 
21 0 0 0 0.6 3,3 6.1 14.0 11.3 10.6 5.9  48.2 

i 53 1.3 6.5 6.6 11.2 15.4 8.6 2.7 8.6 5.6 3.1 30.1+ 
.R 55 0 0 0 3,8 5,4 7.6 3.3 18.9 7.6 6.8 41.6 
tZ 56 0 1.7 4.4 5.6 5.1 3.4 7.1 10.1 10,5 6.3 45,3 

57 0 0.3 2,3 11.8 11.3 3,5 6.9 2,0 10.1 9.3 42.3 
li 58 0 0 0 110 5,1 8.5 11.3 7.9 10,1 11.0 45,1 

59 0 0 0 1,7 4.8 18.6 13.6 20.7 3.1+ 5,8 31.4 
Ui 60 0 1.6 3.1 8.7 10.6 3.4 8.1+ 14.8 6.1+ 7.3 5.7 

61 0 0 0.8 10.1+ 18.6 5.7 10.3 7,0 9.4 6.9 30.9 
E 62 0 0 0 100 3.3 13,9 18.8 16.8 10.0 2.1+ 33.8 

63 0 0 0 23.0 27.3 12.4 6.6 4.0 4.9 0.9 20.9 
i 64 0 0 0 5.8 31.2 7.7 3.3 13.4 4.1 3.5 26.0 

Aii 66 0 0 0 31,8 45.6  4,6  3.3 0.6 2,8 0.7 10.6 
68 0 0 4.2 ,0,2 2k. 12., 3.7 3.0 2.1+ 2.1 17.2 

1 69 0 0 64.2 46.8 13,5  0,9 2.1 1.7 1.2 0.5 9.1 
1{ 71 0 0 2.1 19.7  31. 6.2 7.1 2.1 5.5 2.7 22.7 

Th 0 0.1 0.9 4.3 3.2 2.9 16,6 12,3 12.5 3.1 +4.1 
73 0 0.2 4.7 10.1 5.6 6.2 10,5 5.8 4.3 16,5 36,1 

1i 74 0 0 u.1 15.1 13.1 5.4 1.0 8.9 .4 1,8 46,2 
H 76 0 0 0.4 12.6 17.4 7.3 9.1 8.2 5.8 4,5 34.2 

77 0 0 0 30.3 28.7 4,4 5.7 4.1 1.9 2.5 7  2.k 
h 78 0 0 0.7 14,9 11.8 7,1+ 5.0 11.2 .5 5.2 34.3 
i 79 0 0 1.0 20.1 15.1  b,9 3,1+ .,2 6,4 6.1 .3 

Eh 80 0 0.5 3.7 33.6 26.4 4,? 5,4 4,4 7.1+ 0,8 13.6 
iI 1 0 0 0.2 5.8 8,0 3.5 12.6 8,6 10.2 7.5 1+3,6 
.Ui 82 C) 0 4.6 30.3 25.9  7.8 3.8 1.3 1.5 506 1307 

C0WINU..D / 



TABLL A 3 ( C0NTIiU ) 
SA1LL.. -1-0 0-1 1-2 2-3 3-1+ 4-5 5-6 6-7 7-8 8-9 9 
iH 8 a 005 30.0 ;:1.2 3.5 7.0 4.9 2.6 4.3 24.0 

85 0 0 3.6 30.7 26.3 5,3 3•3 4.3 5.1 0.1+ 16.0 

ER 86 0 0 0.1 3.3 9,1+  16.4 12.3 8.7 4.4 41,9 
ai 37 Q 0 0 19.7 37,9 8.1 3,8 4.8 3,3 1.9 20.5 

H 1010 0 0.6 4.1 10,8 9,1 6,2 6.8 3.6 10.8 	10.6 37.4 
Lli 720 u 0 0 4.0 14.2 5.0 13,4 13.9  14.0 1.5 34.0 

TAB"- A 4, GRAIN S IZiDATA; 75 - 30cms, 

kA 6 0 0 0 2.0 1.5 14.3 11.0 ii.p 6.9 7.1+ 33.7 
Eli 38 0 0 1.1 6.0 5.9 1, 3.1 10,3 11.5 12.7 4.5 

li 45 0 3.2 10.1+ 20.3 15.7 0.7 2.0 5.2 7.2 8.6 26.7 
0 0.6 2.9 8.0 6.0 2.1 7.7 11.0 11.3 16,4 44.0 

ER 51 0 0.2 0.7 2.8 1.3 3.8 8.6 11.6 9.2 11.6 59.0 
th 55 0 1.7 2.5 5.0 0,6 7,8 8,7 16,5 8.0 46,6 

I 56 0.1 4.0 4,0 9,8 10.1 2,1+ 9,0 10.2 8.0 9.7 40.8 
LE 57 0 0 1,1 10,8 17.2 3,3 8.5 0.2 12,1 10.3 1+1.7 
Eli ;3 0 0 0 1,6 6,3 2,1+ 7,2 9.7 5.8 14,3 7 

59 0 0 0 1.7 0 47 12.7 9.2 13.3 12,1 46.3 
Az1 61 0 0 1.5 7. 9.8 4,5 7.6 10,7 8.7 1,0 38.0 
k4 65 0 0 0 3.8 6.5 3.2 9.7 9,2 11,0 13.3  43.3 

64 0 0 2.6 8.3 13.6 5,0 5,0 3o 4 12.1 1690 4o.0 
idi 68 0 0 0.7 13.1 Lelol 10.1 7.5 8.8 ,S 6,3 3.t 
I1 69 0 0 3.9 12.3 10.5 4,6 2.7 1.9 7. 10.2 1+6.7 
R 72 0 0.1 3.0 3.9 2,1+ 4.9 0. 12.2 9.8 8.3 53.3 
Ji 74 0 0 0.1 6.3 12.5 1.8 io,k 13.2 7,7 6.2 41,9 

1H 76 0 0 0 1.? 25.4  2.0  5,3 3.6 7.7 10.1 22.7 
EH ?70 0 0 11,1 24.1 1.0 6.3 7.3 7.7 6.6 35,9 

H 78 0 0 0.3 12.7 14.9 1.8 12.0 6.1 6.1 7.9 3& 
79 0 0 0 5.8 o.4 7.2 17.1 9.1 5.7 49.5 

Ali 80 0 0 1,2 1803 21.1 4.6 1.8 8.0 8.5 9.3 
iR 81 0 0 0 2.3 4.1 k.0 3,8 10.9 7.0 li.4 56.5 
i 82 0 0 0 8,6 16,3 7.1+ 5,3 3.9 3.7 10.2 L,, 

Ji 83 0 0 0,7 7,0 9.5 7.7 9.3 e.G 11.9 4.9 4U,. 

ai 85 0 0 2,6 11.1+ 12.4 5.1 6.7 8.8 5.9 6.1+ '+0... 
li 87 0 0 00 4,7 7. 10.6 11.3 7.5 5.6 6.7 



TABLi A 3 0R6AiC CARJ.GN, CiLG1UM 	 AiW i0DINj. 
.U4 	 WAC JAM.LES. 

Ui 0 00rc Iodine AMIL CaCU UorC Iodint 

H 33 3d.75 1.17 141 1 76.90 0 13 
34 4.7 1.01 157 2 74.13 0 24 
36 3.7 1.00 312 3 72.74 0.23 81 
33 3.77 0.54 115 If 43,97 0 28 
40 '.?0 0.53 0 5 7.26 0.37 6 

42 .14 0.04 3 6 11.28 0.16 17 
43 0,8 261 7 1.10 0.29 95 
45 10.93 o,46 0 3 0.90 338 
47 1.97 0,43 51 9 44.14 0.49 218 
49 2.24 1,20 369 10 2.78 1.28 42 
51 1.77 1,81 557 11 L•95 .74 220 
55 1.73 2,42 0900 12 1,4k 0,16 i 

1,42 1,45 148 13 1.60 1.41 389 
57 0,b7 1.41 153 14 2.61 1.25 129 

v.38 ,09 u3 15 p.15 1,)4 188 
59 105 1.56 415 16 1.0i 1.77 665 
60 2.3. 1.11 - 17 it 0.73 239 
61 2.34 0.77 238 18 1,26 0.7 
62 5.00 1.16 268 19 49.89 0.43 115 
63 2.9 0.3 55 20 2.44 0,47 16 
64 6.10 0.2 174 ?1 3.59 0.31 65 
66 0.93 0.02 133 22 2.33 0.37 49 
67 1.7 1.00 34 23 1.62 0.92 347 
68 i,6 0.87 308 24 1,17 1,65 431 
69 0.68 0.53 248 :5 1.77 1.71 5o4 
71 1.34 1.12 357 26 o.6 2,50 909 
72 1.54 2.78 1290 27 0,11 0.)5 360 
73 1,77 2.55 971 28 0.30 2.31, 936 
74 2.35 1.)3 960 29 0.17 2.25 390 
76 o.18 2,26 938 30 0.72 7.49 1161 
77 0.91 1.63 687 31 0.53 1.12 60 
78 0.73 1.5 747 32 1.29 1.18 231 
79 1.27 El 33 1,13 2.29 1113 
60 .21 1.0 309 34 1,0 0,30 49 
81 1,82 1.74 t9 35 1,09 0. 3o 
84 0.47 4 36 2,32 1.39 452 
85 :056 0,(-,7 14L 
86 2,39 1.i) 390 
87 .r1 o,4 134 
720 24.97 7.08 484 
1010 1.12 0.0 2? 
1030 4.44 0.25 0 

CaCi' ; Corg as ue~.JA / • 	 :r. 



TABLE A.6 
MINERALOGY OF STT!T' 8DIMENT CLAY FRACTION 

Sample % 
Illite Chlorite 

Mont. Glycolated. Heated Sharpness ratio 
Mont. V/P 15ami2le sapl of 1OX peak "0R/5 

1 WV 7X 14X/7X 

EM 33 72.9 27.1 0 0 0.14 0.9 2.3 7.29 
EM 34 71.4 28.6 0 0 0.22 2.2 2.2 6.46 
EM 36 72.4 27.6 0 0 0.17 1.2 2.0 6.71 
ER 38 65.5 24.5 10.0 0.75 0.15 13.3 3.7 10-42 
Eli 40 74.0 15.5 10.3 0.86 0.36 4.2 3.1 6.46 
EN 42 71.7 20.0 8.3 0.67 0.27 1.8 2.6 6.62 
Eli 43 66.6 22.9 10.5 0.80 0.32 0.5 3.4 11.48 
Eli 45 59.6 24.1 16.3 0.68 0.17 4.6 3.6 5.86 
Eli 47 65.9 22.5 11.6 0.92 0.34 4.6 3.3 6.92 
EM 49 57.8 33.1 9.1 0.88 0.13 3.5 3.0 5.88 
EM 51 65.8 24.7 9.4 0.89 0.24 2.8 3.7 6.94 
];H 53 75.8 24.2 0 - 0.78 0.1 2.8 4.33 
En 55  70.1 25.5 4.4 0.87 0.20 3.3 2.4 6.46 
EM 56 65.1 27.2 7.7 0.92 0.22 0.3 2.7 8.60 
Eli 57 53.6 43.7 2.7 0.3 0.21 3.9 3.3 6.46 
En 58 57.3 37.8 4.8 0.91 0.2 0.2 5.1 3.17 
Eui 59 65.7 21.6 12.7 0.75 0.26 0.3 3.6 10.50 
Eli 60 49.7 34.2 16.1 0.77 0.10 1.0 2.7 11.70 
EN 61 66.1 19.2 14.6 0.82 0.27 0.3 3.2 5.42 
Eli 62 68.0 24.8 7.3 0.87 0.13 0.8 3.5 6.42 
Eli 63 65.2 23.5 11.3 0.67 0.28 1.9 3.4 6.14. 
Eli 64 68.6 24.1 7.3 0.39 0.20 0.3 3.0 7.96 
Eli 66 614.8 18.1 17.2 0.66 0.21 4.4 2.8 6.86 
EH 67 72.. 20.0 7. 0.87 1.5 3.6 6.46 
Eli 66 61.0 27.2 11.8 0.60 0.27 2.9 4.3 6.46 
EN 69 69.9 29.2 9.0 0.93 0.15 1.2 3.5 5.32 
Eli 71 65.7 26.7 7.6 0.89 0.27 0.9 2.8 5.16 
Eli 72 68.1 24.8 7.0 0.90 0.28 0.4 2.4 6.53 
EM 73 58.3 24.5 17.3 0.94 0.27 2.7 2.9 2.95 
EM 74 73.9 16.9 9.2 0.91 0.18 0.9 3.5 6.39 
Eli 76 53.5 37.9 8.6 0.92 0.12 0.7 5.5 6.85 
EH 76 50.2 40.5 9.4 0.81 0.16 4.7 ..4 3.63 
ER 78 59.5 29.9 10.6 0.87 0.20 9.6 2.3 2.02 
ER 79 61.4 22.2 17.4 0.74 0.17 0.2 5.8 2.92 
EM 80 52.7 36.4 10.9 0.75 0.19 1.7 3.6 5.34 
RH 81 67.6 24.3 6.1 0.90 0.35 0.5 3.0 6.46 
Eli 82 58.9 30.7 10.5 0.85 0.1L 0.7 3.0 
ER 83 54.4 37.7 7.9 0.86 0. 2  



Sample Mont. %Sharpness uiycoiatea 

§ 
e 

tieatea 
of 1O 

ratio 
peak 	10R/5 Illite Chlorite Mont. 1LJV 

EH 85 73.1 15.1 11.9 0.86 0.49 0.5 3.8 4.78 
EH 86 75.8 17.9 6.3 0.92 0.31 0.3 3.5 5.00 EM 87 75.3 16.4 8.2 0.79 0.30 0.5 3.4 5.44 
3M I 74.2 25.0 0.8 - 0.60 6.2 4.1 7.37 3M 2 73.4 26.1 0.5 - 0.40 0.4 3.8 8.10 
3M 3 74.3 25.3 0.5 - 0.30 0.2 3.6 8.34 
3M 4 73.8 23.5 2.7 0.87 0.25 0.1 4.1 6.46 3M 5 71.7 22.0 6.3 0.93 0.12 0.5 2.7 4.74. 
3M 7 65.9 26.2 7.9 0.76 0.26 - 3.3 6.46 3M 8 68.4 25.1 6.5 0.48 0.20 0.1 2.8 4.56 3M 9 60.5 32.0 7.5 0.57 0.13 1.1 2.1 5.83 3M 10 71.2 23.2 5.6 0.75 0.18 0.1 3.0 6.46 3M 11 57.6 35.7 6.7 0.64 0.10 0.7 2.6 8.86 
3M 12 67.9 23.8 8.3 0.88 0.24 0.3 3.3 6.46 3M 13 68.5 27.4 4.1 0.85 0.L 0.1 3.4 6.46 3M 14 64.2 32.8 3.0 0.94 0.21 1.6 2.6 6.46 
3M 15 73.1 2.G 1.3 0.63 0.m 0.2 2.1 7.95 311 16 66.7 33.0 0.3 - 0.17 0.2 3.8 6.46 
3M 17 66.4 26.2 7.4 0.94 0.20 1.5 3.1 6.46 
3M 18 63.3 19.5 17.2 0.87 0.81 0.3 6.6 - 
3M 19 80.1 18.7 1.2 0.82 0.34 4.4 3.9 - 
3M 20 74.5 24.1 1.4 0.0 0.12 - 2.9 - 
3M 21 75.0 24.4 0.6 0.77 0.54 7.5 2.8 12.22 
3M 22 71.9 26.1 2.0 0.85 0.50 3.6 3.2 12.00 
3M 23 70.3 23.7 6.0 0.b6 0.30 1.5 3.0 13.17 
BR 24 55.8 40.0 4.2 0.90 0.62 0•2 3.3 6.46 
3M 25 58,5 38.3 3.2 0.86 0.42 0.1 3.3 1.75 
BR 26 53.2 33.3 13.5 0.79 0.14 2.1 2.0 5.04 
BM 27 55.3 30.8 13.8 0.80 0.19 1.3 2.3 4.12 
BM 28 66.5 29.3 4.2 o.83 0.50 0.1 3.2 - 
3M 29 56.3 40.3 3.4 0.56 0.40 0.4 2.9 
3M 30 63.3 34.0 2.2 0.90 0.40 0.5 3.5 - 
3M 31 49.1 47.0 3.9 0.88 0.80 1.0 3.6 - 
3M 32 60.2 36.7 3.1 0.78 0.60 0.7 3.1 - 
311 33 62.0 .33.8 4.2 o.91 0.52 0.3 2.9 - 
311 34 61.1 33.2 5.7 0.78 0.81 0.7 3.7 - 
3M 35 58.3 35.0 22.8 o. 8: 0° .•2 3 1 

4.
.
0 

- 
BR 36 71.1 - 
EH 720 59.9 36.4 3.7 0.83 0.10 4.2 2.4 4.25 
EHIOlO 55.6 36.0 8.4 0.59 0.15 1.5 2.5 5.63 

(!rs+4 viIicl/ 



TABLE A.6 
(Continued) 

Sample Illte Chlorite Mont. 
Mont. '1 	ltd 8 ;a e 

 
Heated 

Pi 17§ of 19 peak 
Sharp 	ratio 	

1OV5 

EHI030 66.6 17.6 15.8 0.37 C,1 3.3 3., 	 11.00 

Sample .- 
at 25-3 C; 

C - 'tr 	I -f 1L 

Ell 	61 

c 	c 

4/.0 
- 

36.5 
-. 

16. 
- --• 	- 
0.95 u.bO 

-i i a 
1.2 .7 	 - 

EH 	69 65.5 ,1.6 2.9 0.74 0.11 5,5 4.0 
Eli 	74 38.6 49.3 12.1 0.96 0.13 4.3 3.5 	 — 

9:920.23 : 



TthI 	A 7 ML1ULUUY Of SURFACL SILT FEACTI('t4. 
UIWiTh1) 1AK iRE4S. 

A4kL1 k.3 6'+ 3.54w 3.247 3.19X 3.02k 
lb 33 57 10 12 1 34 107 

34 43 7 1 36 7 
36 32 14 10 1 33 0 
38 37 5 10 3 65 
40 39 11 8 2 1+0 2 
42 54 3 12 1 76 23 
43 30 4 11 2 49 31 
145 24 6 9 3 50 69 
47 44 10 10 ii 48 0 
51 43 7 15 5 53 0 
53 40 5 13 1 314. 0 
55 58 8 11 14. 41 0 
56 38 5 13 1 53 0 
57 43 13 23 3 60 0 
58 39 11 21 6 49 1 
39 40 7 11 4 49 0 
60 46 7 5 3 42 0 
61 32 6 7 4 34 0 
62 30 5 12 23 79 1 
63 57 6 ic 3 48 3 
64 20 2 4 1 24 10 
66 35 2 7 3 45 0 
67 79 9 17 2 84 0 
68 9 4 3 1 13 0 
71 36 8 i 18 21 0 
72 40 10 14 4 41 0 
73 36 6 13 2 31 0 
74 46 8 13 2 46 o 
76 413 1L 5 7? 2 
77 56 10 11 14. 65 0 
73 36 111  12 10 61 0 
79 31 8 io 3 40 1 
30 40 17 b 90 0 
81 21 5 6 1 18 o 
83 49 11 14 67 0 
83 52 8 20 9 87 0 
84 61 12 7 6 52 0 
85 45 23 161 5 81 0 
86 17 3 P. 1 24 0 
87 48 3 10 3 65 0 
720 63 5 1 1 43 92 
101032 5 9 1 54 0 
1030 61 6 10 13 51 15 

bN3 6 2 1 1 15 76 
3 58 4 12 1 67 74 
7 30 7 13 2 J12 66 
8 8 2 1 1 10 90 
9 30 4 5 1 26 .58 
10 '3 8 4 3 
11 1  6 8 1 46 2 
12 34 2 2 3 50 0 
1 43.5 1 1 54 0 
14 38 3 111. 1 38 0 
15 32 2 13 1 0 
16 30 6 15 1 38 0 
17 47 6 15 10 70 0 
18 42 6 15 2 49 0 
19 30 3 5 13 30 54 
20 27 4 8 5 3/ 0 
21 40 7 13 4 75 0 



iLl. A 7 ( CONTINWD ) 

f,3 .04 3.54 3.24 3.19 3.02 

22 	36 8 12 1 41 0 
66 8 13 23 5 0 

24 	37 7 112 4 66 0 
25 	20 5 8 3 30 0 
2632 6 P 33 0 
27 	40 14 1' 6 93 0 
28 	45 10 15 3 48 0 
29 	76 19 3 99 0 

30 	40 13 13 2 59 0 
31 	40 10 18 4 53 0 
32 	30 8 17, 12 86 0 
33 	44 4 14 18 44 12 
34 	72 7 8 4 63 0 
35 	47 3 10 2 95 0 
36 	Lt 1 5 0 

• £thAG • C1iL0IT,L. 4Itk(., . iLL • 



3 MAJOR LiML.LTS ( WT.1  ) 11,11  Thi SURFACE SILT FRACTION 

SiNkL 0a0  KG fe 
P 
0 TjO 

2 
si 

2 
£703 

25 
A0 

vAt 33 13,17 1.77 2,59  0.51 56.54 7.85 0,1 1.71 
34 ,' .15 1.62 2,66 Q63  y3,79 10.26 0.13 1.48 
36 O. 1.69 3.21 0.75  74.42 9.78 0.10 0.98 

6 2,76 7.12 2.77  0.66 69.94 10.71  0.10 1.66 
40 5.57 L,08 0.79 74.84 11,u1 0.11 2.05 
42 4.34 1,73 3,3 0,91 71,78 10.L9 0.13 1,84 
f3 3,7 1,39 2.80 0.70 10.9 o,14 1.67 
45 16.83 1.45 3.14 0.77  52.41 8.54 0.20 1.39 
47 02.6p 1,99 2.70  0.63  68.35 10,35 0.09 1.49 
51 1,2 2.04 2.76 6,74 74./5 11.63 0.10 1.37 
33 0,u3 1.67 3,23 0.76 76.01 10.2 0,16 1.10 
55 o.81 1.71 2.58  0.7 79.99 10.49 0,12 1.06 
56 0.31 2,09 3.07 0.79 75.23 11.31 0.11 1.34 
57 0.4 1,7 3.76 0.75 74.20 13.:8 008  1.9 
5 1,81 7.13 2.73 0,71 71,95 11.99 0.10 1,40 
3 1.66 2.17 ,44 c.66 73,5 10.91 0.11 1.43 
U0 '.74 C,75 72.55 11.41 0,14 1.31 
61 2,37 2,17 2.42 c.72 72.33 10.56 0.11 1.45 
62 2.50 2.21 2.65 0.6 72.76 11.23 0.11 1.72 
uj -. 	r)) ) ,uo -, .09 .. 	r .)0 o.u. 71,,:..) .'. lO,i2 0.11 'I ,, 
64 4.06 2.14 2,84 0,65 71,31+ 10.46 0,12 1.53 
66 1.34 2.03 2.14 0.70 75.40 10.24 0.11 1,21 
07 1.61 2.15 2.25 0.67 77.94 10.06 0.10 1.26 

1,31 .25 12.33 0.74 75,C. 10.68  C, 13 1.19 
71 1.92 .05 2.05 0.73 74.22 9.24 3.11 1,20 
72 1.64 2,53  3,09 0.76 72.7 12.32 0.11 1,60 
73 1,7 2,36 3,06 0.86 34,66 12,91 0,12 1.31+ 
74 1,46 2.13 2.49 0,63 77.03 11.29 0.12 1.19 
76 1.16 2,31 2,11  0.7) 75.56 1...62 o, 1S 0,73 
77 1,31  2.38  2.57 0.33 76.66 12.48 0,18 0.79 
/3 1,2 2.18 ,13 0,71 /2.45 11.6+ o.11 0,90 
79 1,35 2.23 0.77 70.07 11,24 o,12 4.5 
80 1.43 ,17 ,,55  0,82 75.1o 11.23 u.1? .14 
81 1,81 2.26 ,.7  /.97  11,21 0,11 1.33 
o2 1,30 .13 O.o. 72.;a.. 1(,17 .19 
8, 1.91 2,21 -:.45 0. 76.C9 11.39 0.12 1.21 
84 1.3')  ;'.i 2.41 3,81 75.41 10,53 0,15 1.00 
65 1.75  .11 2.07 0.65 80.01  11,23 0.12 1.16 
86 2.37 1.15  2.55 0.58 73.92 10.39 u.09 .36 
87 2.32 1.95 2.05  0.55 77,63 9.93 0.33 i, 
1010 1,45 1,d 3.89 0,77  73.53 11./1 0.13 1.22 
1030 5.14 1.94 7.91 0.77 70.51 10,15 o.1)  1.43 
720 1,74 ..L.4, 0.51 5/.81 6.13 0,17  1,76 

13 .01 1.7 ' .o0 u.Su 59.41 3.5 0.17 1.21 
13 1.51 2...4 2.41 0.71 73.36 11.15 6.11 1,23 
15 0.32  1.34 3.52 0,79 75,:5 10,30 0,18 1,05 
13 .51 L.24 2.90  0.71 74,13 11.69 1.47 
31.4 .23 2,7 O.?u 7.}0 11,L) 1.1..0 

71+ 1.41+ r:*Y+ ,00 0.74 1. -9 0.15 ).66 
1.3/3o 2.61  

31 0.99 2.37  2.75 0,7y 75., 12,33 
33 1.4 7.2j 2.30 0,5 76.''-  11,55  0.17 1,07 



TABLE A.9 
WLAJOR ELEMENTS (WT %) IN THE CLAY FRACTION 

E.H. CaO K Fe203  Tb 2  8102 A1203p 2°5 MgO 

33 6.32 3.75 7.68 0.88 L12.64 18.83 0.38 2.14.8 
34 1.35 3.94 9.34 0.90 46.914. 20.87 0.39 2.73 
36 0.69 4.01 8.49 0.94 48.52 20.90 0.20 2.41 
38 1.69 3.55 9.02 0.98 47.76  18.66 0.35 3.05 
40 1.48 3.79 9.57 0.88 47.75 17.56 0.13 3.26 
42 4.13 3.63 9.11 0.88 45.81  16.96 0.24 3.30 
43 5.33 3.65 8.81 0.90 46.10 17.05 0.26 3.51 
45 8.17 3.05 8.13 0.76 41.90 15.31 0.38 2.79 
47 2.56 3.46 6.97 0.914. 4o.58 16.59 0.21 3.36 
49 0.84 3.77 8.98 1.07 49.35 19.88 0.214. 2.914 
51 0.85 3.61 9.32 0.98 48.83 19.32 0.28 3.18 
53 0.73 4.02 8.1 1.01 47.18 20.75 0.41 2.42 
55 0.814. 3.91 9.12 1.0. 50.33 20.96 0.31 3.20 
56 0.72 3.63 9.02 1.O 48.20 19.81 0.42 3.214. 
57 0.45 3.13 10.27 1.04 44.51 21.00 0.60 2.55 
58 1.39 3.47 9.02 0.97 45.64 19.65 0.25 2.93 
59 0.86 3.59 9.82 0.95 49.6 19.40 0.30 2.93 
60 0.74 3.14 6.56 1.08 46.94 19.90 0.32 2.59 
61 0.97 3.59 9.24 0.99 48.33 18.43 0.48 3.64 
62 0.09 3.81 3.87 1.03 48.89 19.54 0.26 3.63 
63 3.18 3.74 9.19 0.91 48.59 16.02 0.26 3.28 
64 3.39 ..55 9.15 0.87 46.36 17.i 0.26 3.79 
66 0.90 3.47 .O 0.90  45.)1 157 0.25 3.29 
67 u..> 3.64 9.01 0.96 49.30 16.5 0.26 3.26 
68 1.13 3.53 6.7 1.1 51.13 18.59 0.39 3.15 
69 0.94 3.5'f-9.90 0.94 48.16 19.12 0.46 3.23 
71 0.90 3.54 6.98 0.93 49-72 18.66 0.31 3.16 
73 0.1 3.27 9.67 0.94 47.81 18.88 0.31 3.22 
74 0.86 3.25 10.45 o.6 48.39 16.01 0.40 2.93 
76 0.61 3.36 9.70 0.99 47.98 19.23 0.43 2.96 
77 0.95 3.02 9.87 0.bh 143.97 15.02 0.66 3.60 
76 1.02 3.53 8.68 1.8. 50.35 19.76 0.28 3.09 
79 0.86 3.23 9.49 0.95 50.39 19.81 0.42 3.01 
80 o,6b 2.93 455 0.90 42.47 17.90 0.48 3.57 
81 0.86 3.56 8.64 1.01 49.78 19.49 0.25 3.25 
82 0.76 3.23 9.39 1.01 46.73 20.57 0.47 2.83 
53 1.01 3.34 9.14 1.04 48.25 19.64 0.36 2.85 
84 0.66 ..'...7 8.53 1.13 46.46 16.15 0.30 3.43 
85 1.04 3.70 9.08 0.94 49.91 18.56 0.23 3.26 
86 1.15 3.67 9.52 1.04 48.94 18.01 0.33 3.79 
87 1.12 3.65 6.94 0.96 46.56 17.94 0.23 3.78 
1010 0.75 ).29 8.66 1.04 47.01 20.00 0.25 2.64 
1030 5.30 3.41 9.55 0.79 45.69 16.29 0.25 2.93 
720 7.47 3.55 7.26 0.79 40.65 18.64 0.37 2.32 

B.M. 

5 1.75 4.16 10.26 0.88 46,16 18.86 0.24 3.90 
9 4.71 3.44 6.97 0.75 148.44 17.35 0.37 2.17 
15 0.31 4.17 .8.57 1.01 47.73 23.37 0.54 2.22 
21 1.25 4.01 9.90 1.07 53.89 19.74 0.29 4.04 
22 1.19 3.90 9.70 0.94 52.32 19.01 0.32 4.13 
24 0.75 3.82 9.13 0.96 49.43 19.66 0.38 2.74 
25 0.90 3.38 10.26 0.87 47.66 19.74 0.67 3.25 
26 0.76 3.31 9.49 0.94 48.81 19.77 0.43 2.68 
27 0.91 3.46 9.53 0.99 48.76 19.62 0.44 2.97 
28 1.07 3.39 9.72 0.99 48.34 20.01 0.48 2.78 

2.96 29 0.91 
0.76 

3.39 
3.45 

9.72 
9.144 

0.99 
0.97 

48.59 
48.57 

20.37 
19.21 

0.55 
0.36 2.96 30 

31 0.57 3.16 10.09 0.98 49.49 21.79 0.58 3.00 
33 0.82 3.51 10.31 0.85 47.49 18.41 0.50 3.01 



102 
101 
114.3 
130 
132 
55 
1314 
156 
166 
109 
124 
11 
19 

1148 
135 
1144 
1:15 
142 
138 
134 
116 
127 
125 
120 
147 
129 
131 
104 
127 
112 
138 
155 

20( b 
7j 19 	40 92 768 135 

21 	19 .)( 12 129 b57 114.1 

Zr 

16 
32 
65 
42 
i1I 

TABLE .A.10 

MINOR ELEMENTS CLAY FRACTION(PPM) 

Y Sr Rb Zn Ni ThPb As Cu Ba Ce 

23 380 35 420  
20 395 53 456 103 - - - - - 
19 838 1.15 28 97 10 133 41 95 1400 
15 14.34 55 392 56 - - - - - 
24 148 216 192 90 22 314. 13 93 683 

26 426 171 165 81 17 35 	9 50 498 
21 114 133 369 170 15 60 54 334 582 
2 398 165 192 73 16 55 30 62 457 
27 129 196 292 89 16 48 17 95 804 
27 189 177 246 86 18 57 22 .: 	 694 
14 75 102 323  
25 113 189 214 83 19 49 ' .. 716 
32 116 167 234 87 18 49 2L 116 727 
33 125 198 178 73 17 70 75 86 733 
18 91 161 261!. 83 15 61 19 1142 664 
26 112 190 217 80 21 43 11 61 	18 

30' 11Li. 160 185 	3 	16 3). 	14.3 67 	a73 
20 347 157 355 109 15 38 11 105 5u 
27 131 186 174 98 23 23 12 71 590 
26 125 190 265 111 18 61 13 96 551 
24 127 191 172 103 18 35 13 88 583 
214. 1014 200 1409 91 19 73 15 89 611 
26 124 190 224 83 17 47 16 84 586 
27 130 179 220 90 18 47 15 	709 
28 124 175 226 71 19 14.1 23 72 616 
23 94 157 526 66 16 45  18  77  601 
25 1014 163 221 71 17 48 17 69 549 
27 108 172 234 76 19 43 18 57 578 
24 101 181 235 71 15 47 19 77 586 
32 104 166 51)4 71 18 45 20 91 672 
25 116 168 227 79 15 54 22 113 626 
26 115 172 213 74 16 53 30 74 506 
15 90 166 2144 87 14 64 21 125 501 
24 109 186 242 77 15 414. 17 85 607 
20 128 194 248 o6 17 61 114. 105 712 
33 420 171 168 71). 13 51 28 191 556 
38 163 182 227 84 20 50 23 61 6145 

87 
77 
90 
1314 
134 

125 
133 
159 
109 
113 

31 
133 
111 
130 
138 
100 
123 
136 
83 
136 
123 
110 
113 
81 
93 
121 
114 
1144 

74 

148 

Mn La 

IBM I - 
By 2 - 
Bm 3 2030 
IBM 14. - 
3M 5 1220 
BM 6 - 
IBM 7 - 
BY 8 3390 
IBM 9 1470 
IBM 10 1000 
IBM 11 1960 
IBM 12 - 
3M 13 720 
IBM I4 520 
BM 15 450 
IBM 16 820 
BM 17 790 
BM 18 800 
3M 19 820 
3M 20 1210 
V1 21 1100 
3M 22 1250 
IBM 23 750 
3M 24 660 
IBM 25 620 
BM 26 590 
3M 27 830 
3M 28 620 
BM 29 570 
IBM 30 620 
3M 31 840 
'EM 32 1020 
3M 33 670 
BM 34 820 
BM 35 730 
3M 36 980 
EH 33 550 
Eli 314. 650 
Eli 
Eli 

36 530 
500 33 

68 

60 

71 

65 

66 



NZI £s /4.L' .1. 

Eli 40 830 — 135 29 
Eli: 42 950 — 117 26 
Eli 43 1070 - 119 21. 
Eli 45 750 41 115 32 
Ell 47 960 — 132 25 
Eli 49 660 — 147 34 
Eli 51 730 — 145 29 
Eli 53 560 — 11 40 
Eli 55 700 — 127 28 
ElI 56 620 57 141 35 
Eli 57 650 71 170 L 1 
Eli 58 720 — 143 28 
Eli 59 570 — 136 28 
E1-r 60 1114.0 — 169 45 
EU 61 900 — 1314. 30 
EH 62 820 — 155 32 
Eli 63 800 — 128 23 
EU 64 850 — 120 31 
Eli 66 690 — 136 24 

67 710 93 1 !9 34 
Eli 68 790 65 152 39 
EH 69 720 — 134 28 
E 71 720 68 151 28 
Eli 72 650 — 138 27 
Eli 73 646 — 141 27 
Eli 714. 660 — 138 38 
EEi 76 560 70 146 29 
Eli 77 630 - 15 41 
Eli 78 30 1144 29 
Eli 79 610 67 155 28 
Eli 80 860 73 159 35 
Eli 81 800 — 136 34 
Eli 82 940 — 155 38 
EH 83 640 — 145 31 
EH 814. 860 — 136 22 
EH 85 780 — 141 27 
EH 86 920 6 136 29 
EH 87 1010 73 133 21 
EU 1010 1150 — 169 42 
JH l2g8 730 62 

EE 720 410 — 150 52 

.L Z U 44.L iJ. .LLL ru Iftz L#I.L Dot. La v  

146 190 206 86 21 40 9 85  658 153 
262 191 2014.  84 18 48 9 159 632 82 
288 187 234 89 18 55 9 101 741 143 
428 163 203 76 17 89 8 216 566 96 
1914 18 213 78 17 57 10 124 577 115 
17 189 228 84 19 43 12 65 787 129 

131 189 220 73 22 55 21 71 759 153 
159 193 197 73 20 14.3 33 68 677 143 
141 204 231 89 15 51 16 81 832 140 
131 180 223 76 16 49 12 62 655  109 
109 154 217 80 18 56 34 63 566 133 
161 192 231 81 16 57 12 108 647 140 
124 184 229 76 20 58 15 67 656 122 
130 170 236 85 20 38 14 129 640 169 
139 195 230 87 20 48 11 88 536 140 
141 188 227 76 15 52 16 91 673 123 
204 184 217 96 19 50 13 136 707 121 
223 195 221 90 22 60 9 111 657 105 
118 178 247 86 16 64 12 107 557 105 
124 191 24 83 19 81 12 74 595 145 
172 181 217 88 20 48 11 78 o22 150 
150 185 247 101 17 45 33 179 680 135 
118 188 240 81 17 65 26 85 563 121 
125 180 232 75 18 61 14 87 633 131 
122 175 259 74 18 67 19 88 711 142 
141 170 219 86 17 45 50 89 636 153 
129 171 236 72 22 53 24 61 641 136 
154 167 238 79 19 66 20 89 655 135 
123 183 227 72 16 41 13 97 638 117 
118 163 216 74 20 40 35 53 426 118 
137 172 237 87 18 48 24 112 611 157 
134 190 230 81 18 54 13 714. 721 141 
131 166 216 70 21 40 22 88 529 158 
143 175 232 81 21 151 14 141 764 142 
130 173 252 81 17 69 14 150 486 91 
125 190 247 81 17 63 10 96 613 133 
159 191 219 91 16 53 20 94 639 133 
136 193 234 91 16 60 10 84 649 146 
132 169 200 92 21 34 19 65 684 162 
296 174 227 82 16 50 13 84 516 108 
147 183 181 73 20 51 33 5b — — 

68 152  159 65 114. 73 542 110 
.00 



TABLE A.11 

MINOR ELEMENTS (PPM) SILT FRACTION 

Ba La Zr Y Sr Rb Zn Ni Th Pb As Cu Ce Mn 

BM I - - - - - - - - - - - - - - 
BM 2 - - 57 15 985 8 40 13 - - - - - - 
3M 3 166 - 163 21 111 23 38 114. 4 22 3 16 46 - 
BM 4 - -305 23699176012- - - - - - 
3M 5 515 - 419 35 284 52 43 20 10 22 31760 - 
BM 7 7014. - 357 33 376 59 38 17 7 16 4 7 51 - 
3M 8 1204 - 177 26' 14.19 46 146 46 6 26 23 94 44 - 
3M 9 342 - 403 30 622 52 44 15 9 15 4 11 77 - 
BM 10 722-31531107 705522921 5 15 73 - 
BM 11 832 - 452 28 22 6 66 46 16 10 21 3 15 79 - 
3M 12 - - 1416 36 162 32 64 118 - - - - - - 
3M 13 751 - 303 31 198 70 50 21 11 21 2 14 50 - 

14 669 - 358 32 117 66 63 28 13 22 14. 28 43 - 
BM 15 577 - 393 35 97 80 79 31 114. 34 25 21 87 - 
3M 16 732 - 231 26 148 70 85 41 10 21 11 56 71 - 
3M 17 787 - 317 30 215 69 40 14 7 20  4 114. 40 
BM 16 720 - 273 31 208 80 56 23 11 17 6 17 65 - 
BM 19 - - 355 26 408 46 144 19 9 23 2 22 - - 
3M 20 651 - 275 30 205 80 46 23 10 18 6 14 47 - 
3M 21 726 - 314 31 207 75 49 26 8 23 5 22 51 - 
3M 22 711 - 275 33 203 84 50 40 7 Ic 6 16 54 - 
3M 23 796 - 332 34 228 61 63 17 9 28  4 14 74 - 
3M 24 923 - 367 32 256 80 4u 20 8 18 7 17 57 - 
3M 25 880 - 399 32 216 76 56 23 10 21 7 12 51 - 
BM 26 782 - 377 34 298 78 57  18 10 24 7 18 41 - 
3M 27 997 - 660 32 376  73 53 8 9 26  5  10 42 - 
7314 28 947-35427291723415 u22101757 - 
BM 29 1018 - 429 25 287 56 34 12 9 19 5 18 47 - 
3M 30 993 - 3350 30 277 73 :2 13 9 22  5 19 44 
3M 31 886 - 371 27 251 714. 90 21 10 23 7 22 60 - 
3M 32 886 - 289 26 226 69 48 20 8 22 12 27 60 - 
3M 33 916 - 372 30 264 76 42 1j 8 25 7 19 56 - 
3M 34 706 - 548 28 233 66 26 - 7 1 5 22 70 - 
DM35833- 53 27240 68 27- 618 416 59 - 
3M 36 731 - 358 25 207 71 314. - 7 23 1 11 54 - 
EH 33 4 66_ 27426550454419121213 -  54400 
Eli 34 - - 391 26 158 60 46 27 12 11 6 - - - 
EH36 619 - 424 45 127 64 51 24 13 13 16 - 58 390 
Eli 38 700 - 317 30 253 71 47 22 11 19 4 - 52 540 
Eli 40 705 - 425 33 2144 62 42 19 II 18 3 - 78 650 
Eli 42 658 - 567 40 279 51 32 14 14 21 3 - 78 720 
Eli 43 759 26 14.24 36 284 60 41 18 9  19 3 - 73 630 
Eli 45 483 32 774 40 505 42 36 13 11 22 4 - 101 590 
Eli 47 - - 385 28 238 67 46 22 10 24 3 - - - 
Eli 51 832 - 287 33 210 67 55 26 11 21 5 - 76 340 
Eli 53 611 - 378 35 136 63 50 23 14 19 13 - 61 420 

EF 55 631 - 374 38 153 62 46 22 14 21 7 - 75 360 
Eli 56 713 - 270 35 190 69 62 29 8 25 7 - 85 460 
EH 57 816 40 294 31 207 65 63 34 9 21 11 - 81 520 
Eli 58 821 - 308 28 242  67 54 24 10 19 6 - 30 520 
Eli 59 778 - 281 30 238 66 144 19 10 21 4 - 72 440 
EE 60 795 39301 30210685433 101510- 90770 
Eli 61 841 - Lt36 30 238 65 39 17 16 24 3 - 71 540 

Eli 62 816 43 325 29 227 69 43 20 12 22 3 - 102 590 

Eli 63 694 - 425 33 254 65 39 18 11 16 2 - 71 750 
Eli 64 736 20 386 32 255 65 39 19 10 19 3 - 52 710 

Eli 66 722 - 604 33 261 59 26 15 9 22 6 - 26 540 

Continud/ 



TABLE A.11 
(Continued) 

Ba La Zr Y Sr Rb Zn Ni. Th Pb As 	Cu Ce Mn 
Eli 67 746 - 1447 29 243 63 314. 16 8 19 5 	- 62 560 
ER 68 648 43 506 27 246 64 35 15 11 21 3 	- 68 460 
EH 71 712- 614 30 238 56 29 13 9226-60510 
Eli 72 - - 216 22 217 82 63 26 9 27 10 	- - - 
Eli 73 776 - 345 34 251 71 50 22 9 21 5 	- 55 476 
ER 74 920 41 293 27 246 62 38 18 9 18 11 	- 72 370 
Eli 76 1009 - 452 31 345 67 36 15 12 22 6 	- 60 370 
Eli 77 980 29 680 32 340 64 37 13 10 214. 8 	- 78 280 
ER 78 941 31 386 27 274 64 47 20 9 19 5 	- 58 510 
ER 79 884 - 333 30 240 73 56 23 11 18 7 	- 63 500 
Eli 81 901 - 533 36 276 68 43 18 11 18 7 	- 68 600 
ER 81 313 - 338 31 243 66 42 18 9 19 4 	- 85 400 
Eli 82 914 - 650 38 2J4 68 51 19 12 21 9 	- 81 470 
Eli 83 878 - 516 32 277 67 43 18 11 19 5 	- 61 480 
ER 84 883 - 665 32 263 61 34 12 10 21 9 	- 60 450 
ER 85 798 38  451  29 266 63 32 14 11 21 4 	- 73 390 
Eli 86 759 28 322 27 246 61 33 17 8 15 5 	- 59 500 
Eli 87 501 24 4314. 27 231 56 27 13 10 16 4 - 32 500 
Eli101O 751 - 358 33 209 67 72 32 7 18 12 	- 63 810 
EH1030 722 - 634 38 300 53 38 19 10 19 6 	- 614. 700 

ER 680 705 - 255 39 159 69 55 30 13 15 42 	- 86 - 
Eli 720 445 41 277 27 564 42 38 16 12 18 6 56 550 
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TALIi A 12 (C0iTINiTh.D ) 

CaCO3  L.J1 D_j 

Byi 22 0.31 0.39 200 3.7 4.1 3.7 
0 0.25 45 17.8 1.3 4.5 

24 0, 98 o,5 'jk 6.9 f.2  3.5 
25 0.72 1.00 35 6.7 1.5 2.4 
26 0.28 0.63 20 5.0 6.3 3.7 
27 1.13 0.49 47 55 70 3.5 
281  0 C.77 57 5,4 2.3 4.6 
29 0 0.72 11.2 6.0 .3 3.8 
30 0 0.54 5.5 1.2 2.3 
31 0.29 0.57 135 19.0 1.3 4.7 
32 1.41 0.76 173 .9 3.4 
33 0.28 0,76 55 4,2 2.o 2.3 
34 0 0.9 LO 7.0 2.8 1.5 
35 0 0.51 35 6.2 7. 2.7 
36 0 0.36 91 9.6 4.7 4.0 

ppm 	ppn 	j)pm 	lipm 



TANX A 13 J.JAG 426-1 ( G tUZU 

11A Oobj Gorg UA.̂03 'b ' 

a 

G.4 3 3 4 06 24 16 14 71 39 o44 
65 :11 4 3 3 ,rj 3& 30 12'09 66 flO,3 

. 	 79 

- y 17 

6 
143 3 3 2 1,?3 2S1 40 7 :14 64 7 0,7 
387 4 3 3 1.18 1,87 37 12 19 6 79 

150 ,91 174.0 1 1 21035 ,67 30 1? 199 55 L& 
4 1 g,7 5 14 1  57 7; 

.?9 ?66 4 3 1,3 1,1 39 Ii 21.4 58 8 
035 0,83 03 4 2 3 1,10 30 1 205 71 73 27 

0,LU 38 4 2 1 1016 10 3' i 3 17 204 59 7.5 0,30 
.95 299 4 2 .3, 1, 3 18 2cC 60 c)(; C. 9 I 37 3 1, ,7 40 16 190 6 Pi 

1,12 371 4 2 1.7 1.77 41 11 15 55 71 o,:6 
cloq~l i6 4 )' 39 13 203 ?G 6 
0.41 109 4 1 i,6 10 .. 4C 11 ?'1 63 7. (;•:6 

i 01 
0.1+0 59 5 6 1,741,s 4s1387o, 

ii 3) 2 1 2 1.t .0 46 6 Al 60 76 0.25 
26 2 2 55 10 :14 76 
30 1 1,46 24 203 68 78 oo;,16 
48 2 2 1 0.6 1.7 39 19 16 61 

3 , , 	I 2 11 130 714 )7 1 , 
0.2? 119 2 2 1 O 14 196 80 87O,3 35 0,Xi 11 2 2 1 2.'/ X 10 1 78 30 

156 3 5 26 11 715 1O 97 0,:3 
k5 ,46 1114 4 2 5 ;j 1•'7 55 10 .254 ?8 7 

9 4 100 1435 lit o9o76c,$7 
33 3 1.'1 .44 29 17 1)4  
69 2 4 1 1,1 .43 2? 1+ 11 1 79 C430 

1jO 13 1 fl 73 1U4 :j 

70*7; 266 4 4 1 9 35 17 '07 96. .. 

4l RA ppm PP pps P P1 



• TABL 	A 13 • SUB-SijlJ.?ACL C1LMIThY 

AiALIS 00 CLAY FLACTIUh ;XCiJT Corg . and CaCO3  (0TAL&iIMENT) 

i)i9  TI). D..Nj Corg 0a003  £1b As Zn Cu Ni p 
25 

59 
o - o.94 56 5 7 1 0,530.63 45 ?k 256 174 107 0.49 80 
5 - 10 0,29 34 6 9 4 0.37 0.52 2 15 246 153 103 0.26 30 

10 - 15 0.29 43 5 5 3 0.31 0.75 30 11 242 124 .101 0.43 100 
15 - 20 0,35 84 5 4 3 0.33 0.57 37 14 246 88 102 0.25 150 
20-25 0.26 54 5 5 3 0.40  1,36 29 9 245 88 98 0,21 70 
25-30 0.29 70 3 3 3 0.2.5 2.37 25 10 185 84 85 O.9 40 
30-55 0.34 182 4 7 5 0. 1.91 37 6 205 100 87 0.20 50 
35-43 0.25 78 5 5 4 o.4 2.67 38 4 205 112 91 0.20 160 

H 49 
0-5 0.31 53 3 4 3 1.20 2.24 34 13 209 63 76 0.23 100 
5-10 0.27 47 4 2 1.07 1.51 39 14 232 74 35 0.23 140 
10-13 0.30 32 6 5 2 1.34 1.35 39 18 225 91 77 0,26 90 
15-20 0.32 37 4 3 4 0,89 0.53 38 19 2:16 82 78 0,27 290 

20-25 0.41 67 6 8 4 0. 35 1.64 23 21 209 82 87 0,34 70 
25-30 0,49  55 3 3 4 0.85 1.64 53 18 199 85 86 0.25 180 
30-35 0.36 78 3 2 4 1.09 1.07 20 16 210 71 85 0.26 60 
35-40 1,22 293 6 4 5 1.05 1.99 35 21 195 79 90 0.46 170 
40-45 1,15 292 5 4 6 1.39 1.99 55 16 198 67 92 0.41 160 
4-o 1.13 286 6 5 3 1.37 2.60 34 18 200 89 78 0.43 210 
50-55 1.3 298 6 3 2 1.21 2.90 25 30 202 83 80 0.47 300 
5 -60  1.07 275 4 3 3 0.88 5.26 40 18 204 6o 80 0.50 430 
60-65 1.3 531 6 4 4 1.14 2.97 30 18 210 64 78 0.55  130 
65-70 1.35 314 7 4 2 1.02 2.52 32 21 198 73 80 0. 180 

74 1,3.7 
0-5 i4lV 35 3 2 0 1.53 2.35 43 51 223 87 83 0.43 230 
5-10 0.27 25 3 2 0 1.65 1.42 34 14 201 72 86 0.23 90 
10-15 0,37 29 18 3 0 1.17 1.27 29 17 211 94 93 0.27 39 
15-20 0.38 35 3 3 0 1,12 1.5Z 37 5 195  77 64 0.38 100 
20-25 0.77 152 5 3 0 1,34 0.91  37 11 191 68 65 0.29 350 
25-30 1,36 141 6 3 0 0.93 2.92 44 20 184 65 760.63 40 
30-35 0.75 157 6 1 0 0.99 1,55 29 13 194 94 70 0.26 480 
35-40 0.80 154 4 3 0 1,10 1.72 2'S 16 189 89 59 0.28  510 
4a-4 0.81 168 5 2 0 1.15 1,19 92 11 203 76 64 0.27 500 
45-50 1.04 134 4 2 0 1.29 0.97 55 2 185 66 71 0,54  89 
50- o.80 146 4 7, 0 1,17 0.96 49 10 201 73 75 0,23 320 

ii 61 

0-5 0.30 :9 6 3 2 0.77 50 8 223 93 85 0.47 130 
5-10o.6 50 2 3 2 0.66 1,56 li.5  6 606 84 92 0.21 100 
10-15• 0,33 74 2 4 3 0.57  1.35 40 6 189 87 80 0.20 60 
15-20 0.34 103 2 4 3 0.37 2.24 -1 7 198 107 88 0,20 90 
20-23 0,40 105 2 4 3 0.72 2.02 27 15 215 116 88 0.20 130 

0.46 217 3 3 7 0.74  2.72 37 8 215 81 83 0.25 70 
3035 0.57 225 4 4 3 0.79 2,04  3 8 228 75 82 0.26 120 
.5.. 40 0.5 5  1 67 4 3 2 0,c0 1,55 24 12 116 69 74 0.27 139 
40-45 o.64 214 3 2 2 0.74 2.04 26 14 228 66 76 0,11 230 
45-50 0,66 2'JG 3 2 2 0,79 2,43 36 10 202 78 74 0.25 390 
50-55 O.6O 234 3 3 3 1,06 0,97 42 10 713 30 36 0.24 230 
55-60 0.85 1964 4 3 0.66 2.34  51 13 203 71 73 0.24 220 

COITIfl UU1) / 



TABLE.' A 14 	JB..SUi1ACE UlIA41STIIY 

Minor elenenta ik ppm ; clay fraction and silt fraction ( s- = silt) 

h Lr Y Sr 1b s-r s- s_Sr s-nb 
Jli 69 

0-5 17 134 28 150 185 117 3 156 31 11 7 
5-10 16 133 23 159 194 117 2 148 30 10 8 
1015 17 139  21 132 165 190 9 172 35 13 12 
15-20 17 149 25 139 190 163 5 168 38 1? 5 
20-25 13 137 16 130 I8I 140 4 166 37 11 7 
25-30 20 149 38 171 133 176 12 200 32 21 1- 
30-35 22 144 35 171 182 189 15 207 54 28 15 
35-43 20 149 39 174 182 164 13 200 48 26 1 

iH 49 

0-5 19 147 34 147 169 261 23 74 63 4') 19 
5-10 16 143 30 135 193 277 25 213 59 37 15 
10-15 16 151 31 138 186 240 22 216 60 38 17 
1570 20 149 31 145 190 227 17 201 61 40 i3 
20-25 18 158 34 145 190 215 21 200 55 30 16 
25-30 18 155 35 12+0 176 209 18 ii 52 40 19 
30-35 17 170 43 135 17022+7 25 216 vr4 44 20 

166 46 127 155 252 25 201 6.5 53 26 
20 169 38 122 160 248 29 715 53 68 27 

45-50 19 179 hI 130 161 226 26 225 6 71 25 
50-55 23 177  42 127 159 241 29 197 8 69 27 
55-60 20 171 ".5  132 165 229 30 228 61 63 23 
60 -65 25 176 41 127 1.59  261 73 64 62 24 
65-70 19 168 36 123 161 238 29 215 66 63 27 

£11 	79 

0-5 	- 20 155 23 118 163 333 30 22+0 73 56 
5-13 19 162 39 131 162 2+71 33 252+ 67 53 70 
10-15 26 165 41 121 160 287 29 248 70 Go 24 
15-20 30 174 44 122+ 156 303 32 22+5 70 71 23 
20-75 15 172 43 122+ 159 298 34 237 69 35 23 
25-30 19 169 39 122 157 297 34 260 66 57 21 

30-35 19 166 4-9 124 155 335 26 271 70 61 19 
35-4.0 22 163 42 122+ 157 327 32 258 72 67 24 
40-2+5 17 162+ 45 119 155 282 30 259 71 56 21 
45-50 23 164 39 122 152+ 294  34 22+8 70 78 26 
50-55 22 169 46 127 158 287 34 252+ 72 68 22 
55-60 1 16 167 43 124 156 320 31 258 73 61 23 
60-6 17 165 45 123 17 272 33 260 73 59 23 



TABLE A 15 	ANALYSIS OF Thi AND C0ARS. CLAY 

( 	1± 49 	; 25 - 30 cms ) 

	

ILLITE CHL0i 	 0a0 K 	 2 2 	2 3 	2 
0 e 0 MgO SiC Al 07  

	

1'INi BLACK CLAY 50.0 22.6 	27.4 0.68 3.79 11.37 3.21 48.43 19,98 

	

COARSE; ReX CLAY 49.6 46.9 	3.5 0.87  3•3 8•64 2.78 51.38 18.48 

FPM 

.i02P 0 	MnS As Pb 	Zr 	Y 	Sr 	Zn 	Cu 	Ni 2  

kINE bLACK CLAY 0.62 0.28 	660 350  16 36 	143 	33 	92 201 106 87 

C(ARS 	hD CLAY 1.17 0.24 	950  180 21 31 	166 	38 162 196 	638k 
PPM 

LFo D-Mn 	DZ  D-Cu 	D.Nj 

FIN 	BLACK CLAY 6200 52. 	5.0 4.4 k. 

QU"SL RD CLAY 3600 57 	4.6 2.1 3.2 

Major elements as Wt.% , Minor elements as ppm. 
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SAMPLE COLLECTION AND PnPARATION 

Sediment samples for this study were collected 

by gravity coring at 144 stations (i samples; Fig. 

3.1) in the southern Barents Sea on cruises of the 

R/V Ernest Holt during April and November, 1968. 

The cores, recovered in 6 cm diameter plastic tubes, 

were Immediately frozen and were transported In this 

state to Edinburgh, where they were sectioned and sub-

sampled while still frozen. The upperiost 5 cm sec- 

tion from each core (the 'surface 	1e') was placed 

in a plastic jar and dried at 50°C. The 25 30 cm 

level of the cores was similarly sampled and selected 

cores were cut into 5 cm sections throughout their 

length (the 'sub-surface samples'). Subsequently, the 

cores were stored in & cool room at 14.°C and allowed 

to thaw. 

Thirty-SIX additIonll cores and surface sediment 

samples (BM samples; Fig. 3.1) were provided by 

Dr. J.D.M. Wiseman of the British Musew, London. This 

material was collected by gravity coring anU dredging 

during cruises of the H.M.S. Vidal (1955)9,  and R.V. 

Ernest Holt (1962, 1969). It was dried at room temp-

erature prior to being sent to Edinburgh. 

The dried sediment samples were subsequently sub-

divided; untreated total-sediment sub-samples were 

stored In plastic containers and the i"emainlng material 

was/ 
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was used in the separation of tie different gran-

size fractions. The samples '::ere pretreated with 5% 

hydrogen peroxide solution in order to oxidise the 

organic matter and to aid the initial disaggregatiofl 

of the sediment. After washing with distilled water, 

grain-size separatic:c were achieved by repeated 

seiving and aettlt: such,  at the less than 2 micron, 

the 8-63 micron, and the 63 micron - 2 mm fractions 

were extracted. These size-classes reDr::ent the 

cloy, silt- and sand fraction of the sediment respec-

tively; the range 8-63 microns rather than 4-63 microns, 

the recognised size range of the silt, was nposely 

used to avoid clay mineral contamination of the silt. 

This physical separation o the size fractions has been 

thoroughly discu.ecd by BIscaye (1964) and Heath (1968). 

The effect of the peroxide treatment on the mineralogy 

and chemistry of the sediment is discussed in Appendix C. 

The separated size-fractions were sub-divided; one 

sample was stored in a wet condition, and the other was 

dried at 50°C. All dried sanrn]es were ground either 

by hand with an agate mortar and pestle or mechanically 

with an agate disc miLL • 2he samples were further 

homogenised by prolonged mechanical shaking* 

further set of samples at 0-5 ems rnd 25-30 cms 

was 
ero taken from the Eli cores. These samples were placed 

directly into a 100 ml beaker and disaggregated by 

peroxide treatment prior to preparation for grain-size 

analysis. Further aspects of sample preparation, 

appropriate/ 
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appropriate to the different methods of analysis, are 

discussed in Appendix B. 
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METHODS OF ANALYE: 

Grain-size work: The samples selected for grain-size 

determinations were initially treated with 50% hydro-

gen peroxide solution to aid disaggregation and were 

subsequently washed and centrifuged. The sand fraction 

was separated from the finer and coarser-grained mate-

rial by BelYing through 63 microns and 2mm mesh, and 

was analysed on a 'ume].' (Underwater Marine Equipment 

Limited) sedimentation tcv;.r. 

Between 1-5 grams of sand are iroduced into the 

sedimentation tower and the pressure changes Induced 

In the column of water by sediment settling through a 

measured distance are automatically recciud, via a 

transducer and amplifier, onto a plotter. This plotter 

was calibrated using the settling velocities of stan-

dardised glass beads (cook, 1969), id the effect of 

varying temperature was minimised by the establishment 

of different calibration charts for different tempera-

tures. The calibration charts were constructed as 

overlays and permitted the weight percent of the dif-

ferent size-classes to be icad directly. A detailed 

description of the apparatus and a discussion of the 

method employed, is present. by Cook (1069), and in 

the publ1shed papers of Witney (1960) and Felix (1969). 

Each sand sample was sub-divided and analysed in trip-

licate; the average value for the ;ight percent of 

each/ 
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each ii unit was recordeth 7he overall recroduci-

bility of the method was goo: snd the precision im 

quoted in Table 3.1. Recently both Brezina (1971) and 

Sanford and Swift (1971) have summarised the advant-

ages and limitations of settling methods in the size-

analysis of sands. 

The grain-size distri'ution of the silt and clay 

fraction was analysed by falling-drop analysis. The 

apparatus and method of analysis are described by 

oum (1965). The sample is suspended in a known vol-

ume of water and sub-sampled into 10 ml settling tubes. 

A drop of the suspended material is taken at specific 

time Intervals anc at a known level in the settling 

tube by means of a micro-syringe, and is ejected into 

a column of anisole. The time taken for a drop to 

fall a certain distance is recorded and the density 

of the drop is determined by reference to a calibra- 

tion chart established through using drops of sodium 

chlorite of known concentration and density. The 

overall precision for both thfalling-drop and sedi-

mentation tower is expressed as the coefficient of 

variation in Table 3.1. 2he manner in wLich the grain-

size data are processed is discussed in Appendix E. 

Mineralogy: The mineralogy of both silt and clay was 

determined by X-ray diffractoflletrY using 2.Lic1el 

filtered Cu kd radiation. Identification of clay 

minerals in the less than 2 micron fraction was made 

on oriented mounts, prepared on niullite tiles. The 

method,! 
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ii1Od of analysis and the ei-quantitative approach 

to the clay fraction Is similcr to that described by 

Blscaye (19E.) and Heath (1963), and the NHNO3  Inter-

salatlon technique of Andrews (1960) was eLliployed to 

confirm the absence of kaolinite In the samples. Some 

infra-red spectroscc4c analysis was also conducted 

on those cic: si 1fl,Thi, 	25 content in an attempt 

to determine the presence of a distinct phosphate 

mineral. The silt fraction was crushed by hand in an 

agate mortar prior to mounting on glass slides. 

The heavy minerals of the sand-fraction were 

separated In bromoform (s.a = 2.86) .nd analysed by 
X-ray dlcrractometry using the techniques of Pryor 

and Hester (1969). subsequently, thin sections of 

rock-fragments, iiavy minerals and silt grains were 

prepared by setting grain-: its in araldite and grin-

ding until thin. Although the accuracy of thesemin-

eralogical studies is difficult to evaluate (Pierce 

and Seigel, 1969), duplicate analyses of each silt and 

clay sarnle gave reliable an reproducable results. 

The precis-,  c:i of the :Ineralogicalialyses is expressed 

as the coefficient of veiation in Table ..1. 

Chemistry: The chemical composition of the sediment 

samples was determined by X-ray emission sectroscopy 

emnployinr tungsten and molybdenum anodes a oO kv and 

24 ma, and a lithium fluoride (200) analysing crystal. 

Scintillation and flow proportional counters were 

used as detectors. Samples for major elementa'xalysis 
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(i'l, 	, e, , g, 	JI , Ti) were prepared 

using a fusion technique based on Rose et al. (1963), in 

which lanthanum oxide is employed as a heavy absorber 

and lithiuio tetraborate as a flux and JLluint. A mix-

tare of sample, La203  and L12BO7  in the ratio 1:1:8 

N-fa._ .LTu2ed at iC.00G arid fte ei ultiLg beads brought 
L-o 

bo\ck. ,\their ori;:daL 	•t y addition of a further 

amount of lithium tetrahorate to compenstte for tie 

loss of volatiles. They were then powdered and the 

final mounted disc was prepared on a d:ci:ing of boric 

acid by pressing under 15 tone preesure,. The most 

important standards used for both minor and, major 

element &.aalysis were the U.S. Geological Survey, 

standards, employing the values of Fleischer (1965) 

and Flanagan (1967, 1969). The above audards were 

supplemented where necessary by a series of deprtnen-

tal standardised samples. The samples were analysed 

in betcoa of four, one of which was an internal 

standard (or 'monitor') and enabled a correction to 

be made for machfl'drift. The precision of this 

method of major element analysis Is expressed as the 

coefficient of variation 	Table 3.1. 

Further analysis of P, and all analyses of Mn, 

S, As, Ba t  Cu, Ni, Pb, Rb, Si', Y, Zn, i', Ce, La and 

Th were nerforifted on untreated powders supported on 

mylar films. Elemental abundances were calculated on 

the basis of peak intensity/scattered background 

intensity ratios* a method similar to that of ,Anderman 

and/ 



and Kemp (1958).  The o"tiut from the P 1212 multi-

chàrnel automatic X-ray fluorescent spectrometer was 

in the form of 8-hole punched tape from which inten-

sity valuLs of the standards were computed directly 

using the facilities of the Edinburgh Regional Com-

puting Centre. Subsequently the appropriate parameters 

determined from the working curves are inserted into 

the pio'. and the element concentrations of the 

samples computed directly from the punched tape out-

put. The precision of the iinethod of all elements Is 

expressed as the coeff1cien of variation in Table 3.1. 

For the majority of the elements, the relative deviation 

is considerably less than + 517o of the concentrations 

present, but at very low concentration, the precision 

for ce±tain elements (Ba, Cu, As, Pb, Th, La, Ce) 

decreases d the relative deviation is in the order 

of 5 - 10%& 

etal-carbon was determined from the amount of 

002 evolved on combustion in a 'Leco' (Laboratory 

Equipment Corporation) induction furnace. 	tween 

0.5 - 1.5 gms of the sample Is weighed directly into 

a crucible and a scoop of tin and iron accelerator 

added. After combustion, the burette is allowed to 

drain for 45 seconds and the 002 02 mixture is sub-

sequently flushed through KOH twice. Finally, the 

burette 18 allowed to drain until a consistent level 

is obtained, the valve is lockeu and the two columns 

of red liquid levelled; the burette is read and the 

temperature/  ure/ 
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temperature and pressure are recorded. Manganese 

dioxide is used as a sulphur trap between the furnace 

and the burette to absorb sulphur gases. The accuracy 

of the machine is constantly checked using steel rings 

of known carbon concentration and the overall preci-

sion of the method, inc Th: sample preparation, was 

computed on the basis of 7 replicate analyses and found 

to be j 	Carbonate-Carbon was also determined 

on the 'Leco' apparatus using approximately 0.5 grams 

of the sample in a reaction vessel into which 5 ml of 

2 N HOL is added. The CO2  evolved Is determined by 

alkaliabsorptiOn as described above. The overall 

precision of these 'wet' carbonate determinations was 

+ 4.05vo. Organic-carbon was computed by subtracting 

the carbonate-carbon from the total-carbon, and the 

overall error involved In thie determination of organic 

carbon is thus in the order of 7% of the concentra- 

tion determined and Is expressed as the coefficient 

of variation In Table 3,1. 

Carbonate-CaO was calculated from the. CaCO3  values 

(assuming all carbonate-CO2  is evolved from CaCO3) and 

subtracted from the total-CaO to give silicate CaO. 

.proximately 0.1 gr-  of dried sample was treated 

for L. hours with 10 ml of a solution equivalent to 

IM - Hydroxylamifle hydrochloride and 25% (v/i) acetic 

acid. The detp.i1s and an evaluation of this procedure 

are given by Chester and Hughes (1967) and the appli-

cation of this leaching technique to recent sediments 

is/ 
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is illLtratecL b' the wor of 	and Hughes (i.69), 

Chester and Messiha-I-:aLna (1970)9 Turner and Harriss 

(1970) and Turner (1971). _'he solutions resulting from 

the above treatment were diluted and suitable aliçuate 

analysed for dispersed iron, manganese, zinc, copper 

and nickel using a Techtrc (Model AA-5) atomic absor-

ption spectrophotometer. Standard solutions were 

prepared in a dilute H(L matrix and the overall pre-

cision of the method was established by the replicate 

analysis of selected samples (Table 3.1). The relatively 

poor precision of Mn and the minor elements can be 

attributed to the extremely low concentrations of 

these components in the solutions snalysedo 
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FIGURE .1 
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ArEiDIX C 

EFFECTS OF IiYDROGEII PET"'OXIDE TREATMENT  

In ,  clay mineralogical studies, the material is 

treated with 11202  to oxidise thc c' ganic matter which 

may otherwise cause a high background and prevent 

parallel orientation in the preparation of oriented 

mounts. It is also usedasa preparatory approach in 

size-separation to aid the initial disaggregation of 

the sediment. The effects of the peroxide treatment 

on the clay mineral structure have recently been con-

sidered by Perez-Rodrigues and Wilson (1969) and by 

Douglas and Fessinger (1971), who point out that mild 

degradation of expandable clays can be encouraged by 

treatment; the interlayer material of some expan-

dable 1j minerals is rei:ioved by oxidation and H 2  0  2 is 

kn'o!i to break dOVLrfl the orgario-me tall o-clay complexes 

in soils. In this study, the size-separated samplea 

were exposed to weak 5 HO solution; 12 clay grade 

sub-samples were also separated (7 on the surface, 5 

at 25-30 ems) without using peroxide, and the mineral-

ogical and ch:ca1 composition of the treated and 

untreated clays compared. In addition, the total- 

sediment samples represent untreated material and this 

can be broadly compared with the separated size-fractions; 

allowing for the textural control, the latter approach 

gives no indication of any marked difference in cheñ-

cal cornosition between separated and unseparated 

material/ 



In Table 10,2, it is apparent that most minor 

elements show a negligible variation between the 

treated and untreated material. Similarly the miner-

alogical analysis of treat--d and untreated clays 

suggests that the 1i202  treatment has no detectable 

effect on the clay mineral Ltructure. The miner-

alogical variations, and most changes in minor element 

chemistry, lie within the limits ci 	alytical preci- 

sion and can certainly be accounted for by error In 

sub-sampling. More significant Is the variation 

recorded for P 25 and S. 

In. so far as peroxide treatment is directed at 

breaking down the organic matter, the chemical simi-

larity of the treated and untreated samples suggests 

that organic matter exerts a very limited control on 

the Incorporation of most trace elements (chapter 10). 

Sulphur is conspicuously lu in the peroxided sample 

and this suggests the oxidation of some reduce-1 phases 

of sulphur. It-is evident t th .n Increased concen-

tration of phosphorous is encouruged by iild oxidation 

of the sediment and this process appears to stabilise 

the inorganic phosphate anions. Although the treated 

sub-samples have slightly higher contents of D-Zn and 

D-Cup it is not possible to correlate this marked 

Increase In P 2°5 with any significant changes in clay 

chemistry. The icreased values of P 2 0 5 
 may also 

reflect the oxidative decomposition of organic phos-

phates (Riley, 1965). 
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APPiD.LX P 

COARSE AND FINE CLAY 

It was found that the material finer than 2 

microns could be sub-divided into a coarser-grained 

reddish cornonont and a much less abundant and very 

fine-grained black component. In order to ascertain 

the nature of these 2 components, the clay fraction 

of attion Eli 49 (25 — 30 ems) was centrifuged and 

the thin black layer seprated from the underlying 

red clay. The mineralogical and chemical analysis 

of these 2 clay fractions Is shown In Table A.14. 

On mineralogical analysis, the most notable 

feature is the increased presence of poorly crystal-

line expandable 142 material (Montmorillonite) In 

the finest sediment. The concentration of 'huts' 

remains remarkably constant, although the 105 mate-

rial In the finest fractions has a much broader and 

more diffuse peak. Most of the clay chlorite appears 

to be concentrated in the coarser-grained red compo-

nent and this precludes differential sett rLg of 

clays derived from the South Coast as a source for 

the chloritic northern clays. 

The higher conent of MgO in the dark fraction 

might suggest the presence of a vermiculi.tc 	ee end 

CaO, an important inter-layer cation in e c:ites, Is 

not enriched in the black clay. 1e2039  S. D-Fe, D-Cu 

and D-I are present In greater concentrations in the 

finest/ 
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finest clay, where,-as Ln and T102  arL uilore abundant 

in the red clay. The only trace element which is 

conspicuously different in the 2 samples is Cu 

rhlch is considerably enriched in the dark material 

(106 ppm cf. 65 ppm). 

The black component represents a very small pro-

portion of the total clay and is only sedimented by 

prolonged centrifuging. This sediment (Eli 49; 25 - 

30 ems) had been treated with 11202 during size-

separation; those clays separated without prior expo-

sure to 11202 can also be subdivided into these two 

free tionc. It seems likely that the black component 

represents the maximum concentration of organic 

materials. 
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STA 1ISTICL T1CHIIIQUES 

Computer programmes for the processing of grain-

size data have been disucesed b.: Kane and Hubert (1963) 

and by Schlee and Webster (1967). In this study, a 

variety of textural parameters, the grain-size frequency 

distribution and the cumulative curve were computed 

using a programme devised by G.R. Heath, University 

of Oregon, and adapted for use on the 360/50 computer 

at the Edinburgh Regional Computing Centre by II.M. Moores. 

The computed moment statistics were used in preference 

to those oi Folk and Ward, or of Inman. The choice 

of textural parameters has been discussed in the pub-

lished works of Folk (1966) and Jones (1970) who review 

the statistical representation of grain-size data. 

The Q,-mode factor analysis programme for processing 

the grain-size data is derived directly from Kiovan 

(1966) and is listed in Merriam (1968). 

An Ascop programme (derived from the National 

Computing Centre Ltd.) was used to establish the basic 

structure of thc ata and included a simple computation 

of the minimum, maximum, mean, standard deviation and 

variance of each varile, and t construction of a 

correlation mat 	'iis work was superGerT..c. :y the 

establishment 0: 	 .ric Kendal re:±.. 	r're]ation 

matrix using a irogramme made available by H.M. Moores. 

The correlation matrix is entered as the measure of 

pair-wise/ 
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pair-wi s similarity between variubles in the formation 

of the dendrographa. This latter computat programme 

was developed at the University of Illinois by MeCammon 

(1968)9  and is listed in cCammon and Wenninger (1970). 

The method used for the hlerarchial ordering of the 

variables to form the dendrograph is an unweighted 

pair-group method of clustering modified to provide 

intergroup similarity. .Lhe ration1 of clutor 

analysis is fully explained by Parks (1966). 

The method of Q-mode factor analysis employed 

in this thesio is derived from ';TThC' orogramme of 

Imbrie (1963). The variables are initially inhomoge-

neous and are tronsformed by recalculating each data 

point as a % of the observed range of that var1abl. 

In those samples incompletely analysed, the missing 

data point was entered as the average value of the 

missing varicbles. 

The matheiutics of factor analysis is pre:ented 

in Harbaugh and Merriam (1966), and c-mode factor 

analysis Is employed and discussed by Imbrie (1963), 

Imbrie and Van Andel (1965), Imbrie and Kip_? (1971) 

and Kelley and Whetter (1969). 
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APPEND _F 

VARIATION L THF J:m'ERALOGY AND CHEMISTRY OF SEDIMENTS 

FROM THE SOUTH—WESTERN BARENTS SEA 

This paper was presented at the 1970  Cambridge 

Smpos1um oranised by Working Group 31 of the Scien—

tific Committee on Oceanic Research. It represents 

a preliminary assesL.1ent of the in1ner1ogy and minor 

element chemistry of the surface sediments of the 

south—western Barents Sea. 
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SUMMARY 

Silt and clay sized fractions of surface (0-5 cm) sediments from eighty 
stations in the south-western Barents Sea have been separated and their varia-
tions in mineralogy and chemistry established. The clays in the western areas 
show a northward increase in chlorite relative to illite, and montmorillonite is 
present in the north-west. Maximum chlorite occurs in clays, within, and 
especially to the north of the Central Depression. The distribution of minerals 
in the silts differs from the clays and shows high feldspars (mostly plagioclase) 
around the Findmarken coast and within a broad area to the west and north of 
the Central Depression. A broad area of microcline-rich silts extends from 
the South-East Platform to the Western Trough. The latter, together with a 
similarly distributed zinc-rich clay, are considered to come from the south-east. 
A comparison of copper and nickel, believed to be held in chlorite, with the varia-
tion in clay minerals, implies that an influx of chlorites rich in copper and nickel 
is derived from the south. The analyses of zirconium, barium, strontium and 
rubidium suggest that feldsparrich areas are also areas of active currents. The 
source and dispersal of the sediments are discussed. 

SOMMAIRE 

On a se"pard des fractions vaseuses et argileuses provenant des sdiments 
de surface (0-5 cm)a quatre-vingt stations au sud-ouest de la Mer de Barents, 
et on a tabli les variations de leur minralogie etla chimie. Les argues dans 
les zones de l'ouest manifestent vers le nord une augmentation relative de la 
chlorite par rapport a lillite, et la montmorillonite se prsente au nord-ouest. 
Le maximum de chlorite se trouve dans les argiles dans, et surtout au nord de, 
la Depression Centrale. La distribution de minraux dans les vases diffre de 
celle dans les argiles et on trouve des feldspaths (pour la plupart des plagio-
clases) autour de la cte du Findmark et dans une rgion large a Fouest et au 
nord de la Depression Centrale. Une region large de vases abondant en 
microcline stend de la Plate-forme du Sud-Est la Depression de l'Ouest. 
On pense que ces vases, avec une argile, abondant en zinc, et possdant une 
distribution pareille, viennent du sud-est. La comparaison entre le cuivre et 
le nickel, conside're's d'tre contenus dans la chlorite, et la variation des 
minraux argileux, indique quil arrive une affluence de chlorites, abondant en 
cuivre et en nickel, provenant du sud. Les analyses de zirconium, de barium, 
de strontium et de rubidium indique que les zones avec abondance de feldspath 
sont aussi celles o les courants sont actifs. Uorigine et la distribution de la 
sdimentation sont traites. 

ZUSAMMENFASSUNG 

Man hat oberfl.chliche Sedimente in der Grsse von Ton- und Schlamm-
K6rnen (0-5 cm) aus 80 Stationen in der Südwest-Barents-See getrennt und 
hht ihre Verschiedenheiten in Mineralogie und Chemie aufgestellt. Die 
Tone in den westlichen Gegenden zeigen eine nördliche Vergr8sserung in 
Chiorit in Bezug auf hut, und im Nordwesten befindet sich Montmorillonit. 
Maximal Chlorit geschieht in Tonen in der Zentral-Senkungsregion, besonders 
zum Norden. Die Mine ralverbreitung in den Schlãmrnen unterscheidet sich 
von den Tonen und zeigt viele Feldspate (Hauptschlich Plagiokias) am Rande 
der Findmarken-K5ste und im einem breiten Gebiet zum Westen und Norden 
der Zentralsenkungs region. Ein breites Gebiet von Mikroklin-haltigen 
Schlãmmen streckt von der Südostterrasse zum westlichen Trog. Man ist 
von der Meinung, dass dieser, zusammen mit einem ãhnlich-verteilten 
Zink-haltigen Ton, aus dem Südosten kommt. Ein Vergleich von Kupfer 
und Nickel, scheinbar in Chiorit gehalten, zusammen mit der Variation in 
Tonmineralen, bedeutet, dass ein Einfliessen von Kupfer- und Nickel-
haltigen Chioriten aus dem Süden kommt. Die Analyse von Zirkonium, 
Barium, Strontium und Rubidium suggerieren, dass Feldspathaltige Gebiete 
von ttigen Str6mungen sind. Man bespricht den Ursprung und die Zerstreuung 
der Sedimente. 
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Variation in the mineralogy and chemistry of sediments from 

the south-western Barents Sea 

N. B. PRICE and P. L. WRIGHT 

INTRODUCTION 

Most investigations of the distribution and 
movement of sediments on continental shelves 
involve only a study of mineralogical changes, 
often on the bulk sediment. The usefulness of 
minor elements for this purpose has, to date, 
been neglected. By using information on 
changes in mineralogy and the variation in 
several minor metals within the separated 
silt and clay sized sediment fractions of sedi-
ments covering the south-western Barents Sea, 
it is hoped that some assessment of the source 
and dispersal of these sediment components 
can be gained. 

Bathymetry and Water Movement 

The Barents Sea is a wide and relatively 
deep shelf sea (-'300 m) lying between the 
north Norwegian and USSR mainlands, Spits-
bergen and Novaya Zemlya (Fig. 1). The floor 
comprises a series of broad troughs separated 
by rises (for example, the Central Elevation, 
Fig. 1) and bordered on the north-west and the 
south-east by a series of shallower banks and 
platforms (80-120 m), that is, the Spitsbergen-
Bear Island and South-east Platforms respec-
tively. To the west the continental slope 
towards the Greenland Sea also serves as a 
boundary. The area was apparently above sea 
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level during the Tertiary. Atlantic waters 
flooded the area in the early Pleistocene during 
a period of tectonic warping that produced many 
of the troughs and platforms seen today 
(Klenova, 1960). 

Although depth variation is small and the 
slope of the floor is negligibly small, most 
aspects of water movement and sediment distri-
bution are closely linked to the bottom relief. 

The movement of water is cyclonic, with 
several smaller eddies. The dominant flow, 
the North Cape current, enters from the west 
and splits into four branches moving eastwards 
and northwards. These are particularly active 
in areas with topographic highs (Zenkevitch, 
1963). Lesser amounts of water flow in and 
out of the Barents Sea from the north and 
north-east (Zenkevitch, 1963). 

Sediments 
There is a marked relationship between 

bathymetry and the grain size of sediments. 
The depressions generally contain muds or 
silty muds, while the elevations are dominated 
by silts, silty sands and sands (Klenova, 1960). 
The relative accumulation rates of the sedi-
ments in the depressions are generally much 
higher than on more elevated areas (Klenova, 
1960; Price and others, 1970), although 
accumulation on the South-east Platform 
appears particularly high (Klenova, 1960). 
Colour, composition and geotechnical proper-
ties of the sub-sediments often indicate a well 
defined subsurface contact, occurring in the 
south between dominantly grey-green sediment 
and an underlying bluish-grey sediment 
(KIenova, 1960). Sediments above this horizon 
are considered by Klenova (1960) and Price and 
others (1970) to represent recently deposited 
detritus, although, of course, some sediments 
may be reworked. 

Suggestions on the sources of sediment 
supply are somewhat conflicting (Klenova, 
1960; Gorshkova, 1966). Besides possible, 
but quantitatively insignificant in situ subma-
rine weathering of rock masses proposed by 
Klenova (1960), another source of supply, 
especially for northern sediments, appears 
to be the discharge of the River Ob, which 
flows into the Barents Sea to the north of 
Novaya Zemyla (Gorshkova, 1966). Although 
local influxes of sediment come off the 
Findmarken and Kola coasts, the dominant 
supply in the south appears through the dis-
charge of several important river systems 
(for example, Pechora) entering onto the 
South-east Platform, and overspilling into 
the deeper parts of th" sea. 

Materials and Analytical Methods 
Sediment samples were collected by gravity 

coring at forty-four stations (Fig. 1, EH 

numbers) in the south-western Barents Sea on 
cruises of the R/V Ernest Holt during May and 
August, 1968. The cores recovered in 6 cm 
diameter plastic tubes were immediately fro-
zen and subsampled in this state. Thirty-six 
additional cores and surface sediment samples 
(Fig. 1, EM numbers) from the same area 
were provided by Dr. J. D. H. Wiseman of the 
British Museum, London. 

The uppermost 5 cm from each core, and a 
representative subsample of each surface 
sediment (BM numbers) were dried at 50°C. 
After initial peroxide treatment had removed 
organic matter, grain size separations were 
made on washed material by repeated sieving 
and settling, such that the < 2 ju and 8-63 u 
fractions were extracted, representing the 
clay and silt fractions of the sediment respec-
tively. The range 8-63/A rather than 4-63/A, 
the size range of silts, was purposely used to 
avoid clay mineral contamination in the silt. 

The mineralogy of both sediment fractions 
as well as the bulk sediment was determined 
by X-ray diffractometry, using nickel filtered 
CuKa radiation. Identifications of clay minerals 
in the <2/A fraction were made on orientated 
mounts on mullite tiles. All the clays were 
prepared in duplicate. Clay minerals, quoted 
as integrated peak areas, were measured with 
a planimeter. The silt (8-63)u) fractions were 
crushed prior to mounting on glass slides. 
Relative quantities of silt-fraction minerals, 
referred to below, are as peak intensities. 

Chemical analyses of the two separated size 
fractions were determined by X-ray emission 
spectroscopy, employing tungsten and molyb-
denum anodes at 80 kV and 24 mA and a lithium 
fluoride (200) analysing crystal. Scintillation 
and flow proportional counters were used as 
detectors. Elemental abundances were calcu-
lated on the basis of peak intensity/ scattered 
background intensity ratios, a method similar 
to that of Andermann and Kemp (1958). The 
precision of the method for all elements is 
béL:er than ± 3 per cent of the amounts present, 
a1hough occasionally at very low element con-
centrations (<10 ppm), the precision decreases 
to ± 20 per cent. 

Silt I'i'actions 

The separated silt fractions contain a prepon-
derance of quartz (3. 34 A and 4. 26 A) with 
subordinate amounts of feldspars (3. 19 A, 
3. 24 A etc.) and small quantities of well crys-
tallised mica (10 A and 4.98 A). Calcite (3.03 
A), aragonite (3.27 A) and traces of hornblende 
are present in some samples. 

Calcite peak intensities confirm that carbonate 
mostly foraminifera and echinoid debris, is 
abundant in the western area (Gorshkova, 1958, 
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in Zenkevitch, 1963), especially off the North 
Cape and on western parts of the Bear Island-
Spitsbergen Bank. Lesser amounts of calcite 
occur at the top of the continental slope leading 
to the Greenland Sea. 

Strongest feldspar X-ray reflections arise 
from the 3. 19 A and 3.24 A d-spacings. To 
some extent, these are due to plagioclase and 
alkali feldspars respectively, but orthoclase 
makes a strong contribution at 3. 19 A. 
Because of the partial interference of mica on 
the 4. 04 A peak, thought to be indicative of 
plagioclase alone (Petersen and Goldberg, 
1962), peak intensity measurements at 3. 19 A 
have been employed to represent total feldspars 
(mostly plagioclase). Following J$rgensen 
(1965) the 3. 24 A peak intensities have been 
attributed to microcline. 

The distribution of feldspar (3. 19 A) /quartz 
(4. 24 A) and microcline (3. 24 A)/quartz (4. 24 
A) unweighted ratios are shown in Figs. 2 
and 3. High feldspar/quartz ratios are seen  

off the Findmarken coast. The largest area of 
high feldspar silts occurs within an area extend-
ing from the western part of the South-east 
Platform to the Central Elevation, and borders 
the western and northern parts of the Central 
Depression. The Bear Island-Spitsbergen 
Bank, the South-east Platform and the western 
extension of the Central Elevation all show low 
feldspar/quartz ratios, supporting the quanti-
tative 

uanti-
tative bulk sediment observations of Kienova 
(1960) that in these areas the sediments are 
quartz-rich. 

In addition to local occurrences of high 
microcline off the Findmarken coast, sedi-
ments having the highest microcline /quartz 
ratios occur within a broad area, originating 
on the South-east Platform and extending 
north-west to terminate at the Western Trough. 
Microcline is either absent or present in trace 
amounts at most stations outside these two 
areas. 

Fig. 2. Distribution of the feldspar/quartz ratios in the silt sized fractions of sediments from the 
south-western Barents Sea 
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the south-western Barents Sea 

Clay Fracuoiis 

The <2 P sediment fraction at all stations is 
dominated by illite (10 A) with subordinate 
chlorite (7 A) and occasional montmorillonite. 
The 10 A reflection of illite is broad, suggest-
ing much hydration of mica layers. Only at a 
few stations in close proximity to the Find-
marken coast does it have the appearance of a 
well crystallised mica. The chlorite (001) 
reflection is very weak compared with (002), 
the former often being unobservable. Chlorites 
having poor (001) reflections have been called 
'soil chlorite' (Van der Marel, 1964) and 
commonly form through the weathering of well 
crystallised chlorite. Assuming that the rela-
tive amounts of chlorite and illite can be 
defined from the integrated peak areas at 7 A 
and 10 A respectively, areal variation in these 
minerals expressed as chlorite/illite ratios, is 
shown in Fig. 4. 

An initial comparison of Fig. 4 with Figs. 2 
and 3 shows that the pattern of clay-fractional  

mineralogy is unrelated to that of the silt 
fraction. Chlorite/illite ratios increase mar-
kedly from south to north. In the east this 
increase is particularly abrupt, especially on 
the western and southern flanks of the Central 
Depression such that clays within this depres-
sion, and especially on the southern parts of 
the Central Elevation, have highest chlorite 
values relative to illite. Montmorillonite is 
present on, and immediately south of, the 
Bear Island-Spitsbergen Bank, being associated 
with high chlorite/ illite ratios. Clays in the 
south and especially those rich in chlorite in the 
region of the Central Elevation and Central 
Depression are lacking in montmorillonite. 

CIIF'i\lI(',\I . ('()\IPOSI'l'l()N OFt' Ill SIZIl t'R;\['IR)NS 

Since illite and chlorite make up the bulk of 
the clay sized sediment fractions, the areal 
distribution of minor metals, which are almost 
exclusively held in one or another of these 
minerals should broadly outline the changes in 
mineralogy. However, it is most unlikely that 
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Fig. 4. Distribution of chlorite/illite ratios in the clay sized fraction of sediments from the 
south-western Barents Sea 

the minor metal make-up of the chlorite or the 
illite is the same everywhere. A survey of 
minor elements may illustrate this, and may 
thus give some insight into the source and dis-
persal of the clays in Barents Sea. 

Due to the presence of several minerals in 
the silt fraction, the likelihood of selecting a 
particular element as an indicator of a specific 
mineral is severely limited. For instance, the 
various feldspars present are likely to contain 
many elements in common, although of course 
in different amounts. Therefore, rather than 
showing absolute change in the content of 
specific feldspars within the silt fractions, the 
minor metals will be used to show only relative 
changes in one feldspar to another. Some con-
tribution of elements, especially rubidium, 
which are found in some feldspars will also 
come from the small quantities of mica present 
in the silt fraction, and will add to the difficul-
ties outlined above.  

\11norNletals in ihe Silt Fraction 
Zirconium- 

Zirconium 
irconium

Zirconium in sediments is almost exclusively 
held in zircon. Given that the source of silt 
sized sediments supplying the south-western 
Barents Sea are broadly similar in composition, 
being ultimately derived from acid igneous and 
metamorphic rocks (Klenova, 1960), any exces-
sive concentration of zirconium within specific 
areas will be related to areas of active currents 
and attendant heavy mineral concentrations. 
Fig. 5 shows zirconium to be concentrated 
(maximum zirconium = 1417 ppm) immediately 
north of the Findmarken coast, on the Murmansk 
Bank and parts of the South-east Platform, on 
the southern slope of the Central Elevation and 
to a lesser extent on the east side of the Bear 
Island-Spitsbergen Bank. With the exception 
of the latter locality, these areas show high 
heavy mineral contents (Klenova, 1960). Fur-
ther, all are associated with active currents 
(Zenkevitch, 1963). 
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Fig. 5. Distribution of zirconium (ppm) in the silt sized fraction of sediments from the south-
western Barents Sea 

Barium, Rubidium and Strontium 

While these elements are related in varying 
amounts to the different feldspars, only barium 
and rubidium are also related to micas, barium 
to a much lesser degree than rubidium (Taylor, 
1965). Further, although strontium and rubi-
dium are exclusively held in the plagioclase 
and potassic feldspars respectively, barium 
although often confined to the latter mineral 
group (Taylor, 1965), can also show appreci-
able substitution for calcium and sodium in 
plagioclase. Unfortunately the usefulness of 
strontium as a plagioclase indicator is severely 
limited in western areas due to contribution of 
this element in biogenic carbonates. 

The distribution of strontium east of the 
carbonate boundary follows the pattern of 
feldspar/quartz ratios, showing highest values 
on the Murmansk Bank and increasing north-
east to reach maximum values on the Central 
Elevation. In contrast, the regional variation 
in rubidium is much more uniform (-75 ppm);  

only on the Bear Island-Spitsbergen Bank is it 
low (<60 ppm). Such trends could of course 
result through varying amounts of quartz 
dilution. It is more appropriate therefore to 
depict variation in the feldspars in terms of 
element ratios, that is Sr/Rb and Ba/Rb. 
Any observations of these will, of course, 
relate the variation of plagioclase to potassic 
feldspars and micas. Ba/Rb may give some 
information on the change of barium in feld-
spars relative to that in micas and other 
minerals. 

Both Sr/Rb (Fig. 6) and Ba/Rb ratios show 
in the east similar distribution to that of feld-
spar/quartz ratios, having high values on the 
South-east Platform, the Murmansk Bank and 
southern slopes of the Central Elevation. High 
Ba/Rb values are also seen north of Findmarken, 
especially to the west of the North Cape. Lowest 
values of Ba/Rb and Sr/Rb occur in non-carbon-
ate silts on, and immediately south of, the 
Bear Island-Spitsbergen Bank. It is of interest 
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western Barents Sea 

that both ratios, especially Sr/Rb are lower in 
silts in the Central Depression than in the 
surrounding regions. These trends suggest 
that plagioclase relative to other feldspars and 
micas, are most abundant in regions surround-
ing, but outside the Central Depression. 
Moreover, plagioclase relative to the other 
minerals is lowest in the north-west, an area 
of low feldspar/quartz ratio. A minor influx 
of feldspar of either potassic feldspars or 
perhaps plagioclase, noted by high Ba/Rb 
values, occurs in the extreme south-western 
sediments (compare Figs. 2 and 3). No chemi-
cal anomaly corresponding to the high 
microcline/quartz trend (Fig. 3) has been noted 
in the silt fractions. 

.NIMoOletals in the Cl ay Fraction 

Some minor elements are known to discrimi-
nate between chlorite and illite. Such elements 
include copper and nickel. These are known to 
have a much greater association with chlorite 
than illite. Thus it is to be expected that their  

distribution should broadly be consistent with 
the trends shown by chlorite/illite ratios 
(Fig. 4). Changes in nickel and copper (Figs.7 
and 8), although small, closely follow the 
mineralogy, especially in the case of nickel 
Nickel shows low values in the north and in the 
area of the Central Depression and high in clays 
off the Findmarken coast. The copper distri-
bution differs slightly in that it displays a 
general northward decrease, and minimal 
values are not observed in the Central Depres-
sion. These trends suggest either nickel and 
copper are held in illite, which is contrary to 
the usual association, or more reasonably it 
indicates that the chlorites in southern sedi-
ments, although small in amount compared to 
illite, hold donsiderably more nickel and 
copper in their structures. Alternatively it 
is perhaps possible to consider that such trends 
may indicate an introduction of clay sized nickel 
and copper-bearing non-clay ferromanganesian 
minerals such as amphiboles. 
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Fig. 7. Distribution of nickel (ppm) in the clay sized fraction of sediments from the south-western 

Barents Sea 

In addition to the local and small increase of 
zinc off the Findmarken coast (Fig. 9), the 
main high, although only ''50 ppm higher than 
elsewhere, parallels that of high microcline/ 
quartz ratios, extending north-west from the 
South - east Platform to the Western Trough. 
As the levels in the microcline-rich silts are 
very low (55 ppm) being no higher than other 
silts, this trend of high zinc is not caused by 
the presence of clay-sized microcline in the 
clay fraction. More probably the anomaly 
represents an incursion of clay rich in zinc 
from the soutn-east. 

DISCUSSION 

It is clear from the assessments made on 
the mineralogy and chemistry of the two sedi-
ment components, that the silt fractions have 
a different distribution from those of the clays 
This is most likely controlled by differences 
in the mode and distance of transport from the 
various sediment sources. To understand 
these differences we must also consider the  

likelihood that much of the sediment in the 
Barents Sea may be reworked. Further, the 
contribution made to the total sedimentation by 
recently introduced detritus, especially as 
regards coarser sediment grains, could be 
small. It seems likely that much of the high 
feldspar silt which includes microcline near 
the Findmarken coast has been recently intro-
duced. Similarly this applies to the nickel and 
copper rich chlorite in this area. Further, 
the high microcline/quartz anomaly in the silt 
fraction from the South-east Platform to the 
Western Trough would appear to come from 
the south-east. Sediments on the platform 
have a high accumulation rate (Klenova, 1960). 
Klenova has defined numerous occurrences of 
microcline and alkali granites, and also 
microcline-rich sediments of Pleistocene age 
on the Timan peninsula and on the northern 
Rumyanich coast. Further, she has described 
many microcline rich sands, in several areas 
on the South-east Platform, including areas 
near the mouth of the Pechora River. Whether 

28 



Fig. 8. Distribution of copper (ppm) in the clay-sized fraction of sediments from the south-
western Barents Sea 

the high microcline silt fractions (Fig. 3) are 
derived from a reworking of platform sands, 
or introduced as sediments of recent river 
discharge, is difficult if not impossible to 
assess. It is interesting to note that the 
pattern of microcline appears independent of 
bathymetric change, and could imply that its 
transport occurred in suspension rather than 
by bottom traction. Because the pattern of 
zinc in the south-east is the same as micro-
dine/quartz ratios, the comments above may 
well apply to the zinc-rich clay fraction. 

The high zirconium silts (Fig. 5) coincide 
with high feldspars which from Sr/Rb ratios 
(Fig. 6) appear enriched in plagioclase. Such 
areas bordering the Central Depression are 
comparatively shallow and are thought to be 
regions of active currents. As there seems 
to be no obvious source of recent supply 
except perhaps from areas in the extreme 
west of the South-east Platform (Kola area), 
it is possible, in view of the high zirconium 
values, that sediments in this area are locally  

reworked, perhaps being originally derived 
from very local sources (Klenova, 1960). For 
example, the Central Elevation shows the 
highest feldspar (plagioclase) in the area. The 
silt fractions on, and to the south of, the Bear 
Island -Spitsbergen Bank are characteristically 
low in feldspars, and are lacking in plagioclase 
relative to potassic feldspar. These observa-
tions are consistent with views held by Klenova 
(1960) that here the sediments, although perhaps 
reworked, were derived from Upper Palaeozoic 
and Mesozoic sedimentary rocks. In this area, 
and in sediments on the western extension of 
the Central Elevation, we have found numerous 
proto-quartzite sandstone pebbles which gives 
much support to the above suggestion. However, 
the high contents of chlorite and montmoriflonjte 
in the clay fraction from sediments of the north-
west appears incompatible with that stated 
above. It seems probable, following Gorsh1va 
(1966), that most of the clays in this region 
have been derived from more northerly sources. 
Klenova (1960), for instance, has observed that 
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Fig. 9. Distribution of zinc (ppm) in the clay sized fraction of sediments from the south-western 

Barents Sea 

many northern sediments contain similar clay 
minerals, derived from basic igneous sources. 

The chlorite-rich clays in the area of the 
Central Depression contain no montmorillonite. 
Their low nickel, but high copper contents 
represent admixtures of copper rich clays 
derived from southern areas, that is the 
South-east Bank, and substantially higher 
influxes of nickel poor chlorites, perhaps 
being derived from the east. 

Studies on the variation of minor elements in 
various sediment fractions appear to aid the 
interpretations that can be made on the source 
and dispersal of shelf sediments. It would be 
desirable, therefore, in any future studies of 
this type, particularly clay mineral investiga-
tions, that more consideration be given to the 
minor element chemistry of sediments. 
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Tlii 	 KAQLINIT.. AM) G1li0kITi IN Th 
CLAY FiACTI0X4. 

It has been stated that kaolinite io not detectable in the 

Barents Sea clay fraction and that the clay mineral peak 

at 7 A can consequently be regarded as solely indicative 

of the chlorite content ( Chapter 5 ; p.51 ). This  

situation was questioned by Professor F.  Hodson who advised 

a re-examination of the X-ray diffraction data. The clay 

mineral peak at approximately 	X appeared to be a composite 
peak formed of two distinct reflections and sel.rctod samples 

were diffracted under slow-scan conditions ( Z, 209/ mm ) in 

the range 24,5 - 25.5 0?9 • The increased resolution suggested 
the presence of a distinct kaolinite (002) reflection at 3.56 X 
and a more pronounced chlorite (oo'+) reflection at 3.51+ A 

(Biscaye , 1961+ ). The selected samples were then treated with 

2 N. 1101 for four hours at 5000  and the absence of any chlorite 

reflection at 1+ A after acid digestion confirmed the 
successful removal of all chlorite minerals (c.±. Brindley,1961). 

The clay mineral peak at 7 A was much reduced in intensity but 
its persistence can be attributed to the presence of minor 

amounts of kaolinite (ooi). Similarly the kaolinite (002) 
reflection remained at .58 X uhoreas the contribution from 
chlorite (004) at 3.54 AO  was destroyed. 

Two further procedures '.:ere adptcd in this examination of the 

acid digested samples. 

(i) 1!i.AT TILATMbNT•  The samples were heated at 500, 1+00 and 500'C 

for two hours. A progressive loss of the 7 A peak and an 
increasingly intense (ooi) reflection at 14 AO  are characteristic 

features of chlorite during heat treatment and were not observed 

in the acid digested samples. The 7 AO  reflection showed no signs 

of destruction below 500°C and closely paralle]od the 

behaviour of a sample of pure kaolinite. 

TE1ATMiNT wITH D1kh-,ThYL_6ULPhUhIDL. Kaolinite forms complexes 

with a number of eolar organic compounds ( 0ic:nik 	1970 ). 

To identify / 



',Lo iioztif.' ksolinito in th iD ;re3eL.co of chlorite 'In drew t 	. 

(1960) gave a method based on the formation of an ammonium nitiate 

kaolinite complex. This is. a laborious and indict method of 

intersalation using controlled ,highly concentrated solutions 

of ammonium nitrate ; it prooved to be unreliable even when 

applied to samples of pure kaolinites  however kaolinito readily 

forms stable complexes with dimethyl-suiphoxide and these complexes 

give intonse,well-differentiated X-ray lines corresponding to 

their basal spacings. The method of interanlation is described 

by Garcia and (amazano (163). It was applied to the acid digested 

i3areatc Sea clay samples and the presence of the mono-layer 

kaolin-dimethyl-sulpboxide (001) reflection at 11.13 AO  confirmed 

the presence of kaolinite. 

This re-examination has indicated that th intensity 

of the 7  A clay mineral peak cannot be attributed solely to the 

presence of chlorite (002) and that the 7 J peak clearly contains 

an appreciable contribution from kaolinite (001). The .resence 

of kaolinite will modify certain statements found in chapter 5 

of this thesis and the 7 A clay mineral peak must now be rcgarcd 

as chlorite (00?) + kaolinite (001) 	c.f. 	,9,5.10,5,11d. 

The absolute contribution of kaolinite 001) to the 7 X peak 

remains to be evaluated and it is anticipated that further work 

will enable the establishment of a kaolinite correction factor. 

The rcconition of a further clay mineral species will amplify 

the provenance study and the data already available sugestz that 

the amount of kaolinite may be greatest in the east and northea:t. 
The chemical composition of kaolinite is subject to 

relatively little variation Deer 	166 . Its presence 

will influ:nce the .i02  / Al2Q3  ratio of the clay fraction but 

should have no direct influence on the concentration of the major 

cations or on the concentration of most of the minor elements. 

,..1961f.)jstinctiOn between knolinito a:d chlorite in 
Recent sediments by X-ra-4  diffraction. 	or.,j,11-i 

161 • kaolin,aerpentine and kin?red minerals,L 

A.he -rayjc.entification ar4_crvotal struture.QL.cJy 

minerals, 6-brown (d.),Min.$oc.,London,p.1-131. 
L 4• 	 , and 	J • I :;6. 

thock-forjaiiera1,, kcn;o ;, ondon 

UAkI4i1 	and 	 1)68 . £ifferentiation of 	i:iL(' 

from chlorite by treatment with dimothyl sulphoxideo 	y 

hincrals 

, 	 Ash. nd uLK, 	i 
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The Barents Sea is a wide and relatively deep shelf sea forming the 

submerged northern border of the Russian Platform and constithting the most 

western part of the Eurasian shelf. The sea is open to the Atlantic Ocean 

in the south west where warm Atlantic water is predominant. This water mass 

meets the cold., northern Barents Sea waters along a line of convergence 

known as the polar front. The water circulation is broadly cyclonic. 

The surface sediments of the southern Barents Sea are .predorninently 

sands and muddy sands on the shallower banks and platforms, and muds and 

sandy muds in the deeper basins. The texture of the coarser-grained sediments 

suggests the presence of strong bottom currents. The mineralogical composi-

tion of the separated sand, silt and clay fractions show regional differences 

that can be related to variation in the nature of the source material. The 

terrigenous major and minor element chemistry of the separated grain-size 

fractions confirms and amplifies these mineralogical observations and a 

number of petrographically distinct provinces are recognised; the distribu-

tion of these provinces is different in the three size fractions. The petro-

graphic and textural variation enables a discussion of the source and dis-

persal of the different components of the sediments. It is believed that the 

silts and fine sand in the deeper parts of the southern Barents Sea are 

locally derived from the surrounding areas of positive topogro.hic relief 

and strong current activity. The composition of the clay province in the 

south west is similar to the composition of the silt and sand and is consi-

dered to represent a locally derived rock-floor. It is suggested that the 

distribution of the southern clay is controlled by the movement of Atlantic 

water whereas the distribution of the northern clay facies is related to the 

presence of the cold northern water mass. 

Th terrigenous chemistry of 	o±c sur~ace sedsents is only slightly 

Use other side if necessary. 

P.T.O. 



mtif led by the presence of biogenous and dispersed phases; a very minor 

amount of Fe, Mn, Zn, Cu and. Ni is extractible with weak organic acids. 

As and. P appear to he closely associated with the presence of iron oxides. 

There is no detectable biogenous control on the incorporation of trace metals. 

The I/c ratios indicate that the organic matter is recently incorporated.. 

The presence of sub-surface layers enriched in oxides of iron and 

manganese can be related to primary depositional events, and do not arise 

through secondary diagenetic processes occurring after burial. The D-Mri/D-Fe, 

P205/D-Fe and. As/P205  ratios show little variation within the sediments. 

There is no evidence to suggest the presence of reducing conditions. The I/c 

values suggest a non-uniform rate of sedimentation which is reflected in the 

complex textural stratification and is attributed to periods of increased 

circulation encouraged by the greater penetration of Atlantic water. This is 

accompanied by changes in the relative distribution of the southern and 

northern clays, whereas the mineralogy of the coarser-grained sedimehts is 

unaffected. The overall sedimentation rate for the post-Pleistocene is 

believed to be over 30 ems/1000 years in the deepest basins, and less than 

5 cms/1000 year on the shallowest banks. ss- 
The charar of the Recent sediments of the Barents Sea is compared 

with the character of the sediments of other modern shelf seas and the rele-

vance of modern shelf studies is discussed.. 


