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ABSTRACT 

~ 

A total of 18 coccolith speties was identified in the uppe~~c ~· 55 ~m of 

Ocel}n Drilling Prograr:n Site ~47 ,.Hole B (cores lH to 6H) and the upper l.l m 
. . ... 

of gravity core Hudson 84-030-003. E. huxleyi Zone (NN 21), G. oceanica Zone 

(NN 20) and the upper part of E· lacunosa Zone (NN 1Q) 'were recognized at 0 to 
' .. . 

1-l.l m, 11.1 to 21.8 m and 21.8 to 56 m, respectively. The biostratigraphic 
I : . . 

zones were id.fntiried primarily pased on the FAD of~· huxleyi and the LAD of 
. . 

··- P. larun.osa which are found to occ~r at the lowermost part of oxygen isotopic 

. stage 7 and at the lowermost part of oxygen isotopic stage ~2 . 

t' 

Total floral record indicated that i) glacial and interglacial stages are 

characterized by minimum and maximum coccolith abundances, respectively; .ii) 

early pha.c;es of several glacial stage5 are characterized by. . relatively high 

coccolith abundances; and iii) a few glacial to interglacial stage transitions are 

barren of coccoliths~ .. Thel)L_barren zones .may be the .result .-Of- dilu·tion-· bv----·----. 

terrigenous sediments or/and the result of suppressed biogenic carbob.ate 

produ~vity by the input of low-salinity and low-nutrient melt waters during 

deglaciation. The floral assemblages 'indi~ated that the study ~rea was 

dominat'ed by subp<?lar_ and trans.itional water-masses from 0 to .£.!!· o 0.472 Ma · 

(oxygen i; otop!c stages 1 to 12/13) and- 'by t~itional water?masses from ~-
0.472 to c~. lj)76 Ma (isotopic stages 12/13 to 35/36). The floral assemblage 

data also showed that early phases of sever~) glacial stages are dharacterized by 
. . / 

the· presence of transition~! or subpolar water-masses, indicating possible 

northward advecti~n or warm North Atlantic water durir/g the~ i~itial period of 
' . . / 

Northern Hemisphere ice sheet growth. . ( 

). 

R-mode cluster and factor analyses · recognized. an environ.mentally · 

significant floral greup consisting of C. pelagicus, E . huxleyi and G . oceamca. 



• 

• 

. . 

·. 
0 

.. 
iii 

· The floral group may reflect possible interactions between the c_old Labraddr · 

Current and the war(Jl North Atlantic Drift or coexistence of the two currents in, 
. . / 

the southern Labrador Sea during the interval studied. Q-mode cluster analysis 

recognized the most significant floral change slightly above the top of Jaramillo 

magnetic 'event, £!. o.g1 Ma when the dominant species, C. doronicoides was 

replaced by G. caribbeanica. It is interesting to note that the stratigraphic level 

marked by this floral change approximaMy ·coincides with the mid~ Pleistocene 

interval .£!· 0.9 to 0 .6 Ma marked by the shift in. climatic response of tbe North 

Atlantic from 41,000 years to 100,000 years periodicities .(Ruddilllan, Backman . . . ... 

et !!]. , 1 g87). 
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CHAPTER 1 

INTRODUCTION 

Lahrador Sea, located between 50° and.60° N latitudes, is the horthwrs!Prn \ ,. 
extt>nsi~~p of the Atlantic Ocean (Fig. 1.1). The Labr:tdor Bas_in is confined by the 

shelf brt-ak at approximately 200 to 500 m watPr OE:'pth and maximum depth 

" · increa ... <;rs gradually frd'm 2/>00 m in the northwest to more· than 3.800 m in thP 

southE:'ast. The NorthwE>st Atlantic f\tid-Ocean Canyon (:'-iA.\fOC). which has :t 

morphological characteristic or a channelized meandering talwrg on the abyssal 

sea floor. runs toward the southeast through the entire basin (C'hough, Hli8). 

( During the Ocean Drilling Program (ODP) Leg 105, two holrs (Hole 647A 

and Hole 6-tiB) were drilled at Site 647 (53°1QN 45°l.s'W) (Fig. 1.1). Thr sill.' is 

!orated in the southern Labrador Sea, ca. 100 km south of thP (;Ioria Drift at a 

,.., waiN d£'pth of 3858 m. The Gloria Drift is one of the major sedimentary drift 

cfpposits formed by contour currPnts in the high latitude :"-Jorth Atlantic 

(Srivasta.v:t, Arthur, CIPffi('nt rt :ll, lg87). Site 6-a7 is located off the main axis 

of the drift deposit to avoid drilling the thicker drift s('quence and p£'netrate 

oldN s£'dimeotary units at shallower depth (2£. cit. ). · At present, the overlying 

regi~m of the site lies in a. position that is influenceci by both cold Labrador 

Curr~>nt and w:1rmrr North Atlantic Drift waters (Fig. 1.2). 

The present winter atmosphE>ric circulation pattern m the region 

surrounding the Labrador Sea is relate~ to above averaKe winter tf:'mperatures in 

Grrrnl:md and western North America and to below avt>r:lge wintf'r ----..../ 

temperatures in eastern North Ameri~,and western Europe (Crowley, H~8 -l) . 

The winter circulation pa.tter.n, which is called the •Greenland Above• 

rirculation pattt>rn, 1is characterized by southward now of polar air in northra...c:;t 

Canada and northward now of relatively warmer air in the northwest Atlantic. 



Fig. 1. 1. Bathymetric map o·f th e Labrador Sea , showing ODP 

Sites 646 and 647, Hudson 84-0JO-OOJ and DSDP Sites 111, 

11 2 and llJ and deep-water circulation (arrows) (from 

Srivastava, Arthur, Clement et al., 191:l7 ). 



J 

GREENLAND 

ss· 

CANADA 

so· 



4 

The northward now ~ warm air in the northwest Atlantic is associated with 

warm subpolar oc<'an temperatures, low sea ice in the Davis Strait, and increased 

snowfall over northeast Canada (2J!. cit. j. The increased snow cover over 

northeast Canada, coupled with minimum Northern Hemisph.ere summer 

insolation, may trigger an ice age (Q£ cit.). Based on these features, an 

amplification of the present •Greenland Above• circub t!on pattern could be a 

good model for the paleocirculation pattern which brought about Late Cenozoic 

:'\ort hf'rn Hl'misphere glacial inception (Q£. cit. ). Therefore, the Labrador Sea is 

an ideal location to study air-ocean-ice interactions in Northern Hemisphere 

dur!ng the QtJ.aternary. 

1.1. CIRCULATION AND WATER-MASSES 

The surface water circulation in tbe LabrttJor Sea is cbarac.terized by the 

v.('s ~ , rn hulgf' of the countN-rlockwise subpolar gyre in the high latitude North 

Atlantic (Fig. l.2). The West Greenland Current (3-6°C; 31-35% . salinity), 

comprising a mixture of cold Arc~ic water from the East Greenland Current and 

warmer Atlantic water from tbe " lrminger current, flows northward along tbe 

wPst coa~t of Greenl:lnd (Lazier, 1973; Pickard and Emery, 1982). In summer, 
r 

th<> w<'~t. .Gr<'<'nland Current flows northward into Baffin Bay and eventually 

. j oins the southward nowing cold (-1 to 1°C) Baffin Land Current (hers, 1Q75). 

In winter, the cold BaHin Land Current displac<>s the West,Greenland Current 

southward and dominat('s most of the northwest Labrador Sea and Baffin Bay . 
{Coachman and Aagaard, 1Q74). In s~uthern Davis Strait, the Ba((in Land 

Current joins a branch of the \Vest G~eenland Current and forms the Labrador 

Currl"nt, which is characterized by temperatut('!; of <3.5°C and salinities of 30 

to ;HC(,. (Ivers, IQ75; ~ickard and Emery, 1982). The inner Labrador Current 

ronsists or both coastal runoff and cold Arctic water and flows southward along 



•• 

Fig. 1. 2. Surface-..yater circulation of the high-latitude 

northwest Atlantic • 

• 
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the east coast of Labrador and Newfoundland, whereas tbe outer Labrador 

Current consists of warmer and more 's~line water and flows southeastward. 

During the winter months between De<:emb~r and March, the inner Labrador 

Current lies in a sea-ice condition. while the outer Labrador Current lies in a . 

sea-ice free condition and forms a cyclonic gyre in · the southern Labrador aad 

lrminger Seas. In the s6uthern Labrador Sea the wa"tm (>5°C) and saline --(about 35%.) North Atlantic Drift flows northeastward a.s .10 extension of the 

· Gulf Stream (Lazier, 1973). 

Deep water circulation in the Labrador Sea is dominated .by the . Denmark . . 
Strait Overflow and Iceland-Faeroe Overflow Waters (fig. 1'.1 ). The cold 

(-0.5°C) Iceland-Faeroe Overflow Water flows southward and mixes with warm 

(9°C) North Atlantic Water to form the relatively cold (2.5°C) and saline 
\ ' 

(35.0.1CC.) Northeast Atlantic Deep Water (Pickard and Emery, 1982). Part of 

the i\orthea.st Atlantic Deep Water flows into the eastern North Atlantic basin 

and the remainder flows w~stward and diverges at the southern margin of the 

Reykjanes Ridge: one part turns north and forms a cyclonic gyre around the 
' 

lrminger Basin and the other flows northwestward into the southern Labrador 

Basin. The latter overflow water eventually joins the main body of ;\lorwegian 

Sea OVE.>rflow Water consisting primarily of the relatively fresh ( < 34.93C:0.) and 

cold ( <2.5°C) Denmark Strait OV('tflow \Vater orr the sou~ern. tip or Greenland . ~ · 

(Ivers, 1975). Then, ·this deep current· circu lates counterclockwisf' around thP 

Labrador Basin and continues southward. The fast-flowing (9 to 18 em s"1) and 

contour~following deep-water layer at a dt'pth from about 1,500m to more than 

. 3,000m of tbe deep water-mass has been called \he Western Boundary 

lTndercurrf'nt (Heezen et al., 1966; Stanley et al., 1981; Bulfinch !! al., 198 2). 

Below this water-mass, the Northwest Atlantic Bottom Water ( l.0°C and 

34.91%.), comprising mixtures of Denmark Strait Overflow Water, Labrador Sea 

WatE>r and North~ast Atlan~c Deep Water, flows southward into the WE'StE>rn 

:'\iorth Atlantic basin (Pickard and EmNy, 1982). 

• 
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1.2. Pl\.EVIOUS WORK' 

1.2.1. ECOLOGY OF COCCOLITHOPHORIDS 

• Corrolitbopborids are photosynthetic algae which occur dominantly in the 

phot ir zone of the nearshore to open oceanic realms except polar regions 

characterized by year-around sea-ice cover. The flora plays a significant role as a 

primary producer in marine ecosystem together with diatoms and dinoflagellates. 

\fost modern coccolithophorids species endure a relatively wide range of 

~alinitit>s. For in~tance, ~- huxlevi h~ a salinity range of 45 C:O . to 16 %. (H:(l 

I 9i8). Okada. and Honjo ( 1973) suggested that salinity is not a major controlling 

" factor in the distribution o( modern coccolithophorids. Instead, the temperature 

or the photic water bas been considered an important factor in the distribution 

of coccolithophorids (\kintyre and Be, 1967; Mcintyre et al. , 1970). ,. 

By studying both plankton samples and surface sediments from the 

Atlantic Ocean , Mcintyre and Be ( 1967) described the latitudinal distribution of 

coccolithophorids and showed that the noral diversity decreased toward higher 
( 

latitudes. Study of modern Pacific coccolil.bopborids also sugge~ted that the 

dis tribution of some coccolithophorid species is essentially latitudinal, showing a 

relativ,ely good relationship with surface .water temperatures (Mcintyre tl at.•, 

1970). Okada and Honjo (1973) emphasized the importance of oceanic current 

pattern in the surface distribution or modern Pacific coccolithophorids. They 

indicated that some high-latitude areas (between 45°N and 50°N) of the Pacific 

OcPan are characterized by a low species diversity but a high standing cro p. 

perhaps due to the Pacific Subarctic Current .l.;'ter which has a temperature 

ranp;e of about 10 to 19°C. 



\ 

DistributiQn of · modern c~ccolithophorids IS complicated by a certain 

amount of seasonal variations. For instance, study of modern coccolithophorids 

at a weather station in the Labrador Sea (56°30N 5l0 00W)· exhibited that . 
Coccolithus pelagicus overwhelmed the Roral standing crop during spring and . 

summer , whereas Emiliania huxleyi dominated the standing crop during ra_ll an~ 

winter (Okada and Mcintyre, 1979). Dissolution of coccoliAls after deposition 

furth er complicates the . application of the biogeography of modern 

coccolithophorids to paleoenvironmental analysis. Because our present knowledge 
" 

o f seasonal :variations in coccolithophorid standing crop and selective dissolution 
I ' 

o r coccoliths is incomplete, all paleoenvi~onmen'tal interpretations inferred from 

coccolith assemblages should be considered as tentative. Further detailed 

di!'cussions o n the biogeography or coccolithophorids and the effect o r dissolution 

o n coccolith assemblages are presented in. CHAPTER 6: 6,. 1.4. and 6.1.1. . 

respectively. 

1.2.2. PLEISTOCENE CLIMATIC CHANGES AND 
MILANKOVITCH CYCLES 

'• .. 
Ruddiman and Mcintyre (lg8la) described Milankovitch 's (1Q41) postulate 

that summer insolation in the Northern Hemisphere, particularly a~ 65°N is 

critical to the growth and decay or Northern Hemisphere ice sheets. Th~ amount 

or insolation at any given latitude and season is determined by three orbital 

parameters of the earth: the obliquity of the earth 's axis; the precession or th~ 

equinoxes, and the eccentricity of the earth's orbit (Q.e. cit.). The ?bliquity of 

_ the earth's axis is represented. by the angle between the equatorial and ecliptic 

plane~ of the earth . It is now 23.5°; however, it varies from 22.1 to 24.5° with a 

period or about 41,000 years (Vernekar, 1g12). The precession is the change in 

the orientation or the e&rth's axis which is characterized by a slow circular 

motion about a line that is perpendicular to U}e ecliptic plane, which t akes about 
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::?1.000 p•ars to complete one cycle (Vernekar, Hl72). The eccentricity ts 

mrasured by the ratio of the focal distance (distance between two foc i) to the 

l•)ngest diameter of the elli::>tical orbit of the. earth . It varies betwern a value 

near zero and about 0.006 with a period o( about Q3,go<J years to complete one 

. cycle (\"ernekar, 1Qi2). . the cycles of the · earth 's orbital p~rameters are 

commonly called • \-filankovitch cycles•. 

Orbital configuration of the earth in relation to the sun is illustrated in 

Fig. 1..3. :'\orthern Hemisphere summer insolation is at a minimum when the 

earth is at a maximum· distance (aphelion precessional position) in the eccentric 

orbit anci the axis of the earth is minimally tilted (Fig. l.3a). Summer insolation 

in the Northern Hemisphere is at a maximum when the earth is at a minimum 

d~stance (pNihelion precessional position) and the axis of the earth is maximally 
• t~t E>d (fig.l.3b). Aphelion and perihelion precessional positions are designated as 

1 
ire-growth 1 an(1"' • ice-decay • orbital configurations, respectively (Ruddiman 

and ~1clntyre, 19.8Ia). North of 65°N, the obliquity of the earth's axis is more 

important in minimizing or maximiz~ng Northern Hemisphere summer insolation, 

whNeas south of 65°N,-. -the precessional position is more important 

(Milankovitch, lQ4l in Ruddiman and Mcintyre, lQ8la). 

The ca~sal relationship between the Milankovitch orbital cycles and the 

Pleistocene climatic changes has been· strongly supported by Hays et . al. ( 1Q76) . 
who showed that the periodicities of the three orbital parameters of the earth 

correspond to the frequencies or •major glacial nuctuations during the 

Pleistocene. According to Hays et al. ( 1076), spectral analysis of the oxygen 

isotopic record and sea-surface temperature record from two deep-sea cores 10 

the southern Indian Ocean produced three discrete peaks with frequenci~s of 

23,000, 42,000 and about 100,000 years. They correlated the 42,000 year 
.. 

climatic cycle to the period or the obliquity of the; earth's axis; the 23,000 year 

climatic cycle to the period or the precession; and the dominant, 100,000 year 



Fig . l.J. Orbital config~rati 6n of the ea rth in relati on t o 

th e sun a) during g lac iati on and b) dur i ng deg lac i a ti on 

(after R~iman and ~cintyre , 198la) . 

i 
\ 
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climatic cycle to the period of the eccentricity. Oecau~~ the eccentricity orbital 

parameter is known to play a minor role in changing the insolalion or the eart h 

compared to the other orbital parameters, Hays et al. ( 1g76) a.;;sumed that the 

dominant 100,000 year climatic cycle is a nonlinear response to orbital forcing. 

Data from North Atlantic cores suggested that during the late Pliocene ·and 

early Pleistoce,ne Matuxama magnetic chron (2.47 to about 0.735 Ma) , the 

spectral peaks of sea-surface temperature and oxygen isoto pic record~ occur 

dominantly at a period of 41,000 years, whereas during the late Pleistocene 

Brunhes magnetic chron (0.735 to 0 Ma), the dominant spectral powers in 
• 
dima-tic record occur at a period near 100,000 years (Ruddiman and Mcintyre, 

lg84 ; RtJddiman, Raymo, and Mcintyre, 1g86; Ruddiman , Backman et al. , lg87). 

Data from Arctic Ocean cores atso indicated that the dominant ice--volume cycles 
r . 

during the last o_g m.y. bccur at a period of 100,000 years (Williams et al. , 
' --

IO~H) . Ruddiman and M_>)ntyre (lg8la) suggested that the dominant 100,000 
~ 

·· ye;u ic(:'-vo lume cydes during the late Pleistocene are the amplified signals of th£> 

23,000 year precessional cycle resulting from the rapid termination of Northern 

Hemispi:.ere ice sheets, particularly the Laurentide Ice Sheet in relation. to 

maxi~um summ~r insolation when the ic"e sheets extended most southerly . The 

rapid deglaciation (about 10,000 years in duration) of Northern Hemisphere ice 

sheets was e·xplained by means of oceanic feedback loops which show the 

relationship between insolation changes,. ice-berg calving, and sea-level changes 
.J' • 

(Fig.1.4). However, the fundamental' ·cause of the abrupt shift in dominant 

periodicity o( ice volume .and surface ocean response during the m iddiP 

· Pleistocene remains unexplained (Ruddiman , Backman tl al., 1{)87). 

' 
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Fig . 1.4. Cceanic feedcack loops, showing interrelationship 

between insolation changes , ice- b er g calving , a nd s ea-l evel 

• 

changes (after Ruddi man and ~cintyre , 198 1a). 
~ 

\ 

• 
• 
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1.2.3. PLEISTOCENE PALEOCLIMATIC AND 
PALEOCEANOGRAPHIC HISTORY OF THE LABRADOR 
SEA 

CLI~l-\P( 19i6) and Denton and Hughes(l983) proposed models which ·show 

permanent or year-around sea-ice cover in the Labrador Sea and Norwegian­

Creenland Seas during the last maximum glaciation (around 18,000 years B.P.). 

Uased on data from central subpolar North Atlantic cores, Ruddiman and 

\fdntyre( 19i7) suggested that warm and saline North Atlantic Drift water was 

not able to penetrate the Labrador Sea during the last 0.8 m.y . except the 

extreme warmth of interglacial stages. Kellog ( 1 977) also suggested that the 

glacial intervals during the last 450,000 years in the Norwegian-Greenland Seas 

3;re characterized by extensive year-around sea-ice cover.· 

On the contrary, data from central North Atlantic cores indicated that 

during an initial phase of glacial growth, the mid- and high-la.titude j\:orth 

· Atlantic Ocean ( 40° to 60°~ was a.S warm as \today's subpolar ocean despite 

mininum summer insolation (Ruddim• and ~lclntyre, 1Gi9, 198la; Ruddiman 

et !].., 1980). During most of the period of ice-growth, the warm North Atlantic 

Ocean played an important role in transporting warm moisture via a narrow 

storm track along the Newfoundland coast into an ice-free Labrador Sea 

(Ruddiman et al., 1Q80). The cold but ice-free 'waters of the Labrador Sea 

contributed to the rapidly growing Laurentide Ice Sheet by providing moisture 

n~cessary for ice-sheet growth (Ruddiman et al., 1980). 

Studies of the Labrador Sea and Barr1n Bay cores also indicated that warm 

J\orth Atlantic surface waters advected northward into the Labrador Sea and 
4 . • 

southern Baffin Bay during the early phases of glacial stages {filion and 

Juplessy, 1980; Filion et al., 1981; Filion 1985; F~ and Aksu, 1985; Aksu, 

lfl83; ~hidie and Aksu, 1984; Aksu aod ~~5; Aksu et al ., in (>'ress). for 
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in:-;tance, the occurrence or subpolar planktonic foraminiferal assemblages in 

most o f i~topic stage 2 in eastern Labrador Sea cores indicated that the eastern 

LabraJN .3ea was frpe or sea-ice in summer during that interval (Filion and 

Ouplessy , 1980). Based on subpolar planktonic foraminiferal abundance during 

isotopic s tage 2 in Labrador Sea and Baffin Bay cores, Filion ·and Aksu ( 1 98.')) 

suggested the presence or a cyclonic surface water circulation pattern which is 

characte rized by the advection of warm North Atlantic subpolar ·water along the 

wec;t coast of Greenland into southern Baffin Bay and the southerly flow of polar 

surface water from northern BafCin Bay into the western Labrador Sea. The· 

presence or subpolar planktonic foraminifera and Atlantic dinoflagellates in the 

early isotopic stages 2, 4 , 6 and 8 in Baffin Bay cores (Mudie and Aksu , 1984) 

and in northwestern Labrador Sea cores (Aksu and Mudie , 1985) indicated 

strong advection of warm subpolar North Atlantic surface waters into northern 

Labrador Sea and southern Baffin Bay during the E>arly phases of ice-growth . 

Blocking of t-~-~sl~nd channels by ice, which prevented outflow of Arctic 

surface wate~r into the North Atlantic, allowed northward advection of warm 
- ' . 

subpolar waters in the early phases or the glacial stages (AJam f!. ~-. 1983; 

.\ludie and Aksu, 1984). These data are. _compati_ble with data from central 

North Atlantic cores which suggested an oceanic configuration providing a 

- co rridor or oceanic warmth along the intense thermal gradient between the cold 
. ~ 

land and warmer ocean during the early phases or Northern Hemisphere ice­

sheet growth (Ruddiman and Mcintyre, 1970, 1981a; ·Ruddiman et al. , 1980). 
- -- ~ 

Data from ODP Sites 646 and 647 (Aksu ~ al., in press) support the 'oceanic 

configuration which prevailed during the early phases of ice-sheet growth ; 

however, the lack or subpolar water-~asses durin,g the isotopic stage 6 in both 

sites conflicts with the presence or subpolar water-masses during the early to 

middle phases of the glacial stage in northwestern Labra.dor Sea cores (Aksu and 

Mudie, 1gss,. 

Data from northwestern Labrador Sea cores showed that the later phases of • . 
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·glacial stages are characterized by the decrease in subpolar planktonic 

forllmtniferll, radiolaria, dinoflagellates and pollen (Aksu and ~1udie, 1985). The 

oHrall d~.>cline in the faun 1-l and floral abundance during the late glacial stages 

indicated that the Arctic-Atlantic air front shifted southward a:td the Labrador 

St>a was CO\;ered with extensive year-ar,und sea-ice which resulted in the 

n.'moval of the warm West Creenlantl Current (QQ. cit.) . 

Planktonic foraminiferal data (rom Hole 647B showed periodic incursions of 

polar watt>r-masses into the area of Site 647 during the isotopic stages 2, 4, 6, 12. 

16 and 22 (Aksu ~ al., in pres:f. Aksu et ~- (QQ. cit.) suggest~ .. that the 

dominance of polar water-masses in the area during the glacial stages indicatt>s 

the southward migration or the polar front and the increase in the influence or a 

cold current· much like the present-day Labrador Current. During other glacial 
\ 

stages. the area o( Site 647 was influenced by subpolar or transitional water-

masses via the 1\:orth Atlantic Drift; the western part of the Labrador Sea was 

dominated by polar water-inasses via a cold Labrador Current (Aksu et ~. 1 m 

press ) . 

Rapid transitions' from glacial to interglacial stages were recorded 10 

oxygen isotopic data from Labrador Sea /}res (Aksu and Mudie, 1985; Aksu et 

~-. in press). ~hese data are compatible with data from central North Atlantic 

cores which suggested the rapid deglaciation of Northern Hemisphere ice-sheets 

in relation to orbitally-forced insolation changes (Ruddiman and Mcintyre, 

Hl8la). These glacial to interglacial transitions in the oxygen iSotopic record 

from northwestern Labrador Sea cOres are characterized by the decrease of 

planktonic foraminifera and radiolaria and the sh~rp increase of diatoms in total 

abundance (Ak~u and Mudie, 1Q85}. The high abundance of diatoms and low 
~ 

ratios of benthic to planktonic foraminifera (B/P) led the authors to suggest that 

the observed changes in faunal and Ooral abundance resulted from the presence 

of a low s~linity surface layer maintained ~y both freshwater inOux from the . 

f 

., 

, 
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melting of surrounding continental ice sheets and less saline Arctic water influx 

~ through ·the Arctic Island channels. Data from centrai .North Atlantic cores also 

su~gl's t ed th ~ development of low salinity surface layer during the. gl;lcial to 

interglacial transitions !Ruddiman and Mcintyre, 198la). However, the Labrador .. 
, SPa data differ from the North Atlantic .data where sediments were virtually· 

. I 

barren of planktonic microfossilS. The microfossil barren zones in glacial to 

interglacial transitions in the central subpolar North Atlantic were attribut ed to 

the development o( a strong basal pycnocline which inhibited pnmary 

yroductivity by preventing nutrient-rich water at depth from mixing with the 

surface "ttiter !Ruddiman and Mcintyre, 198la). In contrast, the high abundance 

of diatoms at glaciafto interglacial transitions in the northwestern Labrador Sea 

was attributed to the infiltration of nutrient-rich subpolar North Atlantic surface 

waters .into the Davis Strait (Aksu and Mudie, 1Q85) . 

Data from northwestern Labrador Sea cores suggested that during the 

isotopic stage 3, sutrace circulation of the Labrador Sea was similar to that of 

the present-day northern Barrin Bay, whereas during the isotopi'\!' stage 5, surface . \ 

c!rculation was similar to that of the present-day Labrador Sea (Filion, 1Q85). 

Planktonic foraminiferal assemblages from Site 646 indicated predominance o( • 

polar water-mass during interglacial stages 13, 1Q an~ 21 which sugges·t the 

absence o( the West Grernland Current in the area during intergla.cial stages; 
\ . 

however, the early phases of interglacial states 5, 7, Q, 11 and 17 are dommated 

-by subpolar planktonic foraminifera which suggest ()Orthward advection of 

subpolar water-mass via the West Greenland Current (Aksu et at., in press). 

Data from northwestero Labrador Sea cores showed that during the oxygen 

isotopic stage 1 to the upper part of stage 5, the ratici of B/P are characterized . .Jt-

by cyclic variations: generally ti h .during glacial stages and low duri~g 

interglacial stages (Aksu and Mud· , 1985). During the. oxygen isOtopic stage 7, 

the ratios of B/P are constantly ow, whereas the total abundance of planktonic 

I ., 
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foraminifera grPatly fluctuated : high in the upper aud lowermost part of the ,. . ' 

stagp :tnd considPrably low in the middle or the stage (2£. cit.). These data led 

the authors to propose that variations in the total abundance of plan·kto nic 

foraminifera . reflect the biological productivity history supPrimposed on the 

dissolutibn cycles of the Labrador· Sea area. 

T.he results'·, from the foregoing paleoenvironmental studies, which are 
'"' ~ ' 

crit ic al to under~tanding the Pleistocene p~leoclimatic and paleoceanographic 

trends in the Labrador Sea, can be summarized as follows: 

I 
i) "During the early phases of several Pleistocene glacial stages, the Labrador Sea 

was ice-free. an'd it played a major role In transporting moisture from the central 

~orth Atlantic into the central part of Laurentide, Innuitian and Greenland ice 

sheets \·•a channelized storm tracks. 

,. ' 
ii) During the late phases of glacial stages, southward shift of the Arctic-Atlantic 

_j r fro nt caused vear-around sea-ice cover in the Labrador Sea . . . 

iii) During the transition from glacial t~ interglacial stages, a J~w sali~ity surface 

layer was developed in the northwestern Labrador Sea., which suppressed 

plankto nic foraminifera l and radiolarian productivities . 

iv) During the' interglacial stages, the paleoclimatic and paleoceanographic 

conditions or the Labrador Sea were similar to the present-day climatic and 

oceanographic conditions. 

I 

/ 
\ 
l 
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1.2.4. LATE QUATERNARY COCCOLITH 
BIOSTRATIGRAPHY AND PALE OCEANOGRAPHY OF THE 
HIGH-LATITUDE NORTH ATLANTIC 

\ 
Few biostratigraphic and paleoceanographic studies have bee[J made of 

calcareo_us . nannofossils from high-latitude North Atlantic sediments. Recently , 

studies of coccoliths from late Quaternary Labrador Sea sediments (Hudson 

84-0.3~003 and 006) by. Hearn ( 1986) and from late Quaternary Northeast 

Atlantic , Norwegian Sea and eastern Arctic sediments by Card ( 1986, 1988) have 

been done. 

Hearn ( 1986) identified a total of ~ coccolith spec1es from sedimenti 

recovered in gravity and piston cor':s which penetr4ted into oxygen isotope stage 

8 in 84-03~003 and penetrated into stage 5 in 84-030-006. The first appearance 

' datum (FAD) or~· huxleyi was round to occur witliin the upper part of oxygen 

isotope stage 8 in 84-030-003 which is the site survey core of ODP Site 647 

(Hearn , 1986). Hearn (1986) observed coccolith barren zones in the upper part 

of oxygen isotope stage 2, interstadial to glacial transition 3/2 and glacial to 

interglacial transition 6/5 in 84-030-003 and the upper parts of gl~cial stages 2 

and 4 in 84-030-006. She attributed these barren z,ones to southward- penetration 

of polar water-masses. Based on the relatively persistent occurrence of 

Gephyrocapsa oceanica in., these two. cores, Hearn(1Q86) inferred that Gulf 

Stream water contributed continuously to the Labrador Sea through the interval 

studied. 

Gard ( 1986) ob'served the FAD of E. huxleyi and dominance reversal 

between Gephyrocapsa sp. and E· huxleyi within oxygen isotope stages 8 a~d 4, 

fespectively i~ DSDP Hole 552A (56°N 25oW). She i.dentiried .Gephyrocapsa sp . 

. only at the genus level because or the difficulties of determining the nora at the 

species level. The dominance reversal ~etween Gephrrocapsa sp. and E. huxlevi 

) 

, 
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was marked above oxygen isotope stage 4 in Norwegian Sea-Fram Strait cores 

(Card. 1Q86). The discrepancy o( the dominance reversal between. DSDP Hole 

.) .)2A and No.rwegian-Fram Strait cores was attributed to either selective 

dissolution of E. huxleyi or time-transgressiveness or th.e revers~! event between 

these two species (2Q cit.). To establish the biostratigraphy oi Norwegian Sea· 

fram Strait areas, Gard (1988) determined the quantitative content or coccoliths 

in sediments under light microscope. She observed high coccolith abundance 

intervals in oxygen isotope stages 1, 5, 11, 12 and 13 and inferred that the 

~orwegian· West Spitsbergen. current system was established during these 

intervals, with possible inflow or North Atlantic water. 

These studies above mentioned have demonstrated a significant potential o( 
~ 

coccoliths for further improving the resolution or Late Cenozoic 

paleoceanography of the high-latit.ude North Atlantic. The aim of the present 

study is formulated in that perspective . 

1.3. SCIENTIFIC OBJECTIVES 

The primary scientific objectives or this study are: 

i) to identify and determine the biostratigraphic distribution or Pleistocene 

nannofossil species in Site 647; 

ii) to explore the biogenic carbonate productivity history or the southern 

Labrador Sea by examining the floral abundance variations in relation to glacial 
;.;? 

a:td interglacial fluctuations; 

iii) to reconstruct the surface water-mass history of the area, primarily based on 

the floral assemblages; and 
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iv) to infer the surface current interactions in the area, particularly between the 

L:1hrado; Current and the North Atlantic Drift in comparison with the 

previously established regional paleoceanographic trends in the Labrador Sea. 

I 
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CHAPTER 2 

MATERIAL AND TECHNIQUES 

.9<"" 

Sediments used in · this study were collected during ODP Leg 105, Hole 

6478 using a hydra~lic pi~ton corer (Srivastava, Arthur, C~ement tl al. , 1Q87) . 

. The core recovery at Hole 647B is illustrated in T ble 2.1. The first six cores 

(6478-IH to 6H) were sampled at approximately 20c interval. Initial results of 

the foraminiferal and stable isotopic record indicated t at the uppermost part 

~· l.lm of 6478-IH was missing (Aksu et al., in press). To replace the missing • 

part of 6478-IH, the upper part of the site survey core Hudson 84-03~003G 

(gravity core) was also SJJbsampled. Thus, a total or 242 sampf~ (236 from Hole 

6-t7B and 6 from Hudson 84-03~003G) was taken at about 20cm interval for 

coccolith studies. The oxygen isotopic record (Aksu et al./ in press) and the 
. . ... --

paleomagnetic data (Srivastava, Arthur, Clement n al., 1987) indicated that . ' 
20cm sampling interval represent £!· 4,400 nars or temporal resolution in Hole 

~78 . ~ 

One to 2 grams of sediment samples were disaggregated in 1% calgon 

solution and were sie~ed through a 20 ,.,m sieve. The fine fractions were collected 
' 

in a 20 ml vial and were put in suspension. After about six hours, the smaller 
~ . 

clay particles still in suspension were removed from the top by pipette. This 

procedure was repea}ed until the liquid became clear. A small amount or sample . . 

was mounted on the SEM stub with a drop or acetone. Dry samples were gold 

coated in vacuum and coccoliths were identified . and counted directly on t~e 

SEM (Hitachi-530) 'set at XS,OOO ma~fication. At least 200 specimens were 

counted in each sample; however, in cases where the total abundance o( 

coccoliths were considerably low, counting was interrupted on the tOOth (ra~e 

even though_ the number or counted specimens is far below 200. The total 
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abundance of c ... ~coliths in each sample was determined by •the number of 

coccoliths • iw-tbO SEM frames at X5,000 magnification. Samples containing .Jess 

than .) specimens in the total abundance were considered barren. For 

quantitative paleoenvironment~ analysis, each floral count was co\..erted into 

percentile Of the total count. 

For qu~ntitative analysis of the coccolith census data, multivariate analyses 

(cluster and factor analyses) were used. Cluster analysis was used to group the 

samples o r species accordidg to the following steps: 

i) Similarities between the individual cases (Q-mode) or between the individual 

variables (R-mode) were computed. 

ii) The nearest clusters were combined to form a new cluster. 

iii) Similarities between the existing clusters and the new cluster were computed. 

iv) Steps ii) iii) 'were repeated until all cases or all variables had be~n combined 

in one duster. 

To measure the similarity betwe~ cases (Q-mode), the Squared Euclidean · 

distance was calculated. The distance between any pair of cases x and y is the 

sum of the squared differences between the values of the clustering cases (SPSS­

X l ':;er's Guide, 1988). To measure the similarity between variables (R-mode) ," 

the angle of separation between v~riable vectd"fs (the cosine coefficient) was used 

(Imbrie and Purdy, 1962). Ward's method and Average Linkage Between 

r.roups method were used for Q-~ode and R-mode. clust~ formation, 

respectively. 

Factor analysis was used to extract underlying paleoenvironmental factors 

controlling the floral assemblages. Principai component analysis was. chosen as 

the factor extraction technique in this study. Orthogonal varimax rotation was 

used Jo facilitate the interpretation or the extracted factors. 
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I3nth cluster and factor analyses were performed with SP SS-X su bprogram 

•cluster• and •factor• , respectively on the VA.'</~1S computing system at 

.\!ernorial t •nivers ity of Newfoundland. 

) 

• 
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CHAPTER 3 

SEDIMENTS 

-, \ The descriptio" · of the cored sediments from Hole 647B follows the ODP 

Lrg 10& Shipboard Scientific Party's original core description (Srivastava, 

Arthur, Clement et al., 1987). Based on shipboard analyses of color, grain size, 
\ mineralogy , sedimentary structures and microfossils (QQ. cit.), the sediments are 

ciivided by the author into three lithofacies (Fig. 3.1): 

( 1) Facies A I 

This facies consists primarily or gray silty clay I gray to brown clayey mud 

and gray to light brownish-gray clayey silt and silty mud with scattered ( < 10~) 
. . 

gravels. These sediments contain >75% nonbiogenic component~ domin~ted by 

qu~rtz. calcite, dolomite and clay minerals ·sod < 15% biogenic carbonates 

consisting mainly of coccoliths and foraminifera. Beds in this facies are generally 

structureless but exhibit color mottling and banding. Green glauconite-rich 
~-

pockets observed in silty clays and clayey muds suggest the presence of 

bioturbation (Srivastava, Arthur, Clement ~ a~. , H)87). -hie-sized . cl~ts 

consist or granite, diorite, basalt , ·limestone, gnetss, . quartz-d amphtbol&te 

(QQ. £il.). 

Textural and mineralogical data suggest that this facies is the product of 

ice-rafting and hemipelagic sedimentation. Some of the clay-sized fractions are 

attributed to deposition from slow-moving nepbeloid layers driven by weak 

bottom currents which are believed to have also contributed to build up Gloria 

Drift, just north of Site 647B (Srivastava, Arthur, Clement !1 al., 1Q8i). 



\ 

I 

Fig. 3 .1. Lithologic description and facies distribution of th e cored sed im e n ts. G rap h ic 
. i 

s~
1

mbols of lithology , drilling disturbance, and ~dimen t ary structures a re fro m 

Srivast ava. Arthur. Cle ment e t al. jl987}. Facies determination of that po rtion o f core . 
8-t-030-003 composited to the top of Hole 6t78 is from de Vernal and Hillaire-- \ fa rct> l 
(IQ87b). 

l 

t . 
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i'2l Facies B 

,Jhis facies consists Ptimarily of bioturbated gray to light brownish gray 

foraminifera-coccolith-rich silty clays. Beds are generally structureless except for 

local color banding. In some places, the tops of beds are sharp; the uppermost 

few centimeters contain abundant foraminifera and low coccoliths, which are 

interpreted as a result of nondeposition and bottom. current winnowing. 

respectively (Srivastav_a, Arthur, Clement et al. , Hl87). The maximum biogenic 

carbonate content varies between 40 and 50%. 

Textural and compositional data suggest that these sediments were 

deposited by hemipelagic sedimentation, probably during high biological 

productivity inte~vals, with relatively minor contributions from ice-rafting and -bottom current sedimentation (2£. cit. ). 

This Jacies consists primarily of laminated detrital carbonate silty clay or 

clayey silt beds, each about 20cm thick. A shipboard X-radiograph~ showed that 

beds usually comprise very fine sand and silt layers, each 1 to 3cm thick. The 
' 

beds have sharp bases and the individual laminae show normal grading. 

Bioturbation is almost absent in this facies . The carbonate content is very high 

I up to i-5% ), and the calcite/ dolomite ratio is approximately 1.5: 1.0. Beds in 

this facies also exhibited sharp contacts with overlying and underlying beds of 

facies B. 

These sediments are interpreted to- have been deposited by turbidity 
"l 

c•urents, perhaps by overnows or channelized turbidity currents thro~gh 
~- ... 

NAMOC (Srivastava, Arthur, Clement et al., 1Q87). ,. --
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\ __ _ CHAPTER 4 · 
I' (\ 

SYSTEM'\IfiC T AXONO~Y I 
\ ) , 

Because coccolithophorids exhibit the faunal characteristic (e .g .. th e 

posse~sion of flagella and phagotrophic nutrition) and th7 rloral characteristic 

(e.g .. pfiotosynthetic nutrition), they have been claimed by both zoologists and 

botanists. Ac-cording1y, coccoliths have been assigned by botanists to Orrler 

Coccolithophorales, Class Coccolithopbyceae, Phylum (or Division) Chrysophyta 

ana by zoologists to Order Coccolithopborida, Class Flagellata. Phylum 

;J Protozo• (Loeblicb and Tappan, 1Q66; Hay, 1Q77). Botanist's ass ignmen t s are 

used in this study. 'The classification at the level of family an·d .genus used in 

this study follows that of Hay (1977). Species determination is based on various 

references which are listed in the synonyms of each species. [t should be no tf'd 

that not all references cited in the taxonomic section are listed in the reference . ~ 

but they can be found in Loeblich and Tappan ( 1Q66-1Q73). 

Phylum Chrysophyta 

' 
Class Coccolithophyceae Rothmaler, H}51 

Order Coccolitbophorales Schiller, 1926 

Family Coccolithaceae Kamptner, 1928 

Genus Coccolithus Schwartz, 1894 

'Fype species : Coccolithus pelagicu's (Wallich, 1877) Schiller, 1930 

Cocc61itbus pelagicus (Wallich, 1877) Schiller, 1930 

Pl. 1, figs . 1,2 

Synonyms : Mcintyre~ al., 196?, p. 11, pL4, figs . a , b; Black, 1Q68,y. 7Q6, pl. 

143, figs . I, 2; Bartolini, I 970, p . 132, pl. I , figs . 2-7 

Remarks : The specimens identified as C . pelagicus ·in this study resemble that 

.. 

• 
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described id ~fdntyre et. al. (1967, p.ll). However, the edge of the outer 

elements in distal view is characterized by straight line instead or counter­

clockwise t'ur:ature indicated by the authprs (QQ. cit.). The counter-clockwise 

curvature might be ascribed to the rounded-off edge as pointed out by Bartolini 

( Hri'O). In general, this species is ~onsiderably larger than the other species. 

mostly ranging from 8 to 10 ttm in siZP.. 

\. 
G enus. Cakidiscus Kamptner, 1950 

Typl.' species : Cakidiscus leptoporus (\furray and Blackman, 18Q8) Loeblich and 

Tappan. H~78 

Ca lridisc~s keto~orus (Murray and Blackman, 1898) Loeblicb and T~ppan ~ 1978 
. •./ 

Pl. 1, figs . 4-6 

Synonyms : \fclntyre and Be, }g67, p. 569, pi 7, figs. a-c; Mcintyre~~ al. ,· 1967, 

p . 10, pl. 5, figs . a-d; Mcintyre et al., 1Q70. p. 725, fig . .5- a , b. 

I 

Remarks : Three varietie\ have been defined p~irriarily based on the number or . 

elements and the size or the species (Mcintyre et al ., 1967). Varieties A, 8 and C 

are characterized by & to 8.7 piT} size·- 40 elements, 4 to 6.5 pm size - 30 

elements and 4.1 to 7.5 11m size- 20 elements, respectively. A new species name, 

C. macintyrei has been assigned to vafiety A (Bukry and Bramlette, 1969) . 

. . -\Jthougb varieties B and C can be detected based 9..n the criteria m~~tioned 
'\,./' . 

above, clear separation between the two was not attempted in this study. 

Genus Umbilicosphaera Lohmann, 1902 

Type species: Umbilicospbaera mirabilis Lohmann, 1902 

Umbilicospbaera mirabilis Lohmann, IQ02 

Pl. 1, rig. 3 
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Synonyms ~ Black and Barnes, 1961, p. 140, pl. 2.1 , figs . 4, .); \fdntyre et !!.!·· 
196i. p. 13, pl. 2. rigs. c, d; \kintyre and Be, 1g6i, p. 5i2, pl. . 12. fig. a: 

Bartolini. 1970, p. 146, pl. 8, figs. 4-9. 

) 
Remarks: This species bas a distal shield consisting of a firmly interlocked inner 

. ' part and a sinistrally overgrown 04ter part of the elements. The center rJf. the 

di~tal shield is characterized ·by a crater-like depression. In some case, the outer 

part of the distal shield is partially or compl.etely lost. However, this species was 

identified by the unique appearance of the inner part or the distal shield and a 

crater-like depression in the center. \tclntyre and Be ( H)67) distinguished warm 

and cord water forms based .on the overgrown shape of the distal shield . 

Although separation was not attempted in this study, most specimens are closer 

to cold water forms. ("' . 

Family Gephyrocapsaceae Black, 1971 

Genus Gephyrocapsa Kamptner, 1943 

Type species : Gephyrocapsa oceanica Kamptner, 1943 

Gephvrocapsa oceanica Kamptner, 1943 

Pl. 1, fig . 7 

. ... 

. . t . 

Synonyms : Bl~k ~nd Barnes, 1961, p. 143, pl. 25, figs . 1, 2; \1clntyre !1 ~. , ,. 
1967, p. 12, pl. 1, figs. a, b; Hay et al.. 196i, pis, 12, 13, .figs. 5, 6; Gartner, 19ii, 

p . 18, pl. 3, figs. 7, 8 

Remarks : The position or a bridge has been used as a diagnostic feature for this 
. . 

species (~1clntyre et al., 1970) . .In case where the bridge was broken or missing, 

the specimens tend to be confused with Crenalithus doronicoides. The relative 

size of the central opening in this species bas been related to the late Pleistocen 

climatic changes : small opening to cold climatic interval and' larger opening to 
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warm climatic interval (Gartner, U)72, ·1977). Gart~er ( 1988) alsc suggested that 

•large G. oceanica • ( >3 11m in maximum dimension) tends to be prosperous in 

warm ( > 2i°C) water or mod.erate to low nutrient lhels. 

(';prrn·rocapsa caribbeanica Boudreaux and Hay. in Hay f.!: al. , 1967 

Pl. 1, figs . 8, 9 

Synonyms : Hay f! al., 1967, p. 447, pis. 1~ , 13, figs. 1-4; Mdq_tyre et al. , 1970, 

fig . .S, d: Samtleben, 1980, p. 124, figs. 9-14; Steinmetz and Stradner, 1984, pl. 1, 

figs . 2-4. 

Remarks : This species has been considered to be the ancestor or G. 'oceanica 

(Boudreaux and Hay . in Hay et al., 1967), but can be distinguished from G. 

oceanica primarily based on tb~ bridge arching closely to the major axis and the 

central area which is partly or completely plugged with extended elements or a 

central tube. 

Gephnocapsa aperta Kamptner, 1963 

Pl.l, fi~. 10-.12 

Synonyms : Gartner, H)n .. p. 18, pl. 3, figs . 5, 6; Samtlebeo, 198G, p. 123, figs . 7~ 

18 

Remarks: Very little description bas been done ,of this species since it W:t:S first 

reported from the late Pleistocene sediments by Kamptner ( 1963). This species 

is a small ( ......_, 1.5 to 2.5 #'m) circular to elliptical placolitb. The rim of the distal 
' ~ 

shield is considerably thin, whereas the central opening of the shield is relatively 

large. In some case, the bridge is highly arched _subparalleling· to th~ major axis. 

Samtleben ( 1 980) ill~trated,..excellent photographs of the specimens from the 

Atlantic. Geitzenauer ( 1Q71) reported that this species disappeared at the base of 

E. buxlevi Zone in the subantarctic Pacific Ocean. However, in this study area, 
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the species is found in high abundances above the f.-\D of&. huxleyi . G . aperta c 

belongs to •small Gephvrocapsa• group of Gartner ( 1988). However, it sho uld be' 

no ted that the •small Gephyrocapsa group• comprises several species because 

the group name was _designated by lumping all the small specimens ( <3 1-1m in 

maximum dimension) of the genus Gepbvrocapsa upder light microscope l 
(Gartner, 1988). 

Gephvrocapsa muellerae Breheret, 1978 · \ 

Pl. 2, fig. 1 ·. · · "' 

Synonyms: S~eben, 1980, p. 124, figs . &-8, p . 127, figs . 1-4 

Remarks: This species has an abnormally thick-·bridge consisting of two opposed 

overlapping spines. Roth and Coulbourn ( I'Q82) incorporated G. muelle rae in (a 
G . caribbeanica due to interspecific variation between the two species. However , 

this species is described separately in this study because of the unique 

appearance of the bridge. 

Gephvrocapsa rota Samtleben, 1980 

Pl. 2. fig . 2 

\ 

Synonyms : Samtleben, 1980, p. 123, figs. 19-24 

R emarks : 1his species closely resembles G . protohuxleyi, particularly the warm 

water form . However, relatively thick bridge subparalleling to the mindr axis of 

the central opening was used as a diagnostic feature in identification. 

G ephyrocapsa protobux4yi Mcintyre, 1Q70 

Pl. 2, fig. 3 ...-- . 

Synonyms : Mcintyre, 1970, p. 188, f~. 1, b, d, fig. ; Gartner, '1977, p . 18, pl. 3. 

figs . 2 , 3 
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Remarks : Two ecologic varieties have been described cold water form 

characterized by long and thin •fingerllike elements• in the distal shield and 

warm water form characterized by shorter and thicker elements (Mcintyre, 

1970). In addition , the bridge of cold water form is thinnr /nd more highly 

archeci obliqu~ly across the major axis than that of warrK water form . The 

specimrns observed in this study are·~ closer to the cold water fo~m. Mcintyre 

( 1970) also' sugges.ted that G. protohuxlevi is a • phyletic link • between the 

GPphno<:' apsa complex and~ .. huxlevi. 

Genus Crenalithus Roth , Hli3 

Type species: Crenalithus doronicoides (Black and Barnes, 1961) Roth , 1973 

~alithus doronicoides (Black and Barnes, Hl61) Roth , 1973 

Pl. .3. figs . 1-4 

Syno nyms : Roth, l9i3, p. 731, pl. 3, fig . 3; Steinmetz and Stradner, 1984, p . 
..._) 

701. pl. 2, figs. 3, 4 

' Remarks : This species is distinguished from G. caribbeanica and G . oceanica 

primarily based on the lack of a· bridge in the central openipg. The specimens 
_, . 

observed in this study mostly ranges from 4 to 5.5J'm in length. Some specimens 

class ified into this species bear a few slits between the elements or the distal 

shield , which makes it difficult to distinguish the species from P. lacunosa. The 
. ,.-

specimens with a few slits in the distal shield might be considered as a phyletic 

link between Q. doronicoides and P . lacunosa. Sachs and Skinner (1973) 

suggested phyletic relationships between six species i'ncluding C. doronicoides, P. 

· lacunosa and G. caribbeanica. However, mor~ study of the materials from ott\,er 

areas is required to substantiate the possibility or the phyletic links between 

these species. 

( 
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\..--.Genus Pseudoemiliania Gartner, 1969 

Type species: Pseudoemiliania lacunosa (Kamptner, 1963) G a rtner, 1969 

PsPt~doemiliania lacunosa (Kamptner, 1963) Gartner, 1969 

Pl. 3, figs . 5-i 

• 

Synonyms : Gartner, 19ii, p. 20, pl. 4, figs . 3, 4; Takayama and Sato, 1987, p. 

i02, pl. 8. fig. 2 
. :. 

c: 
Remarks : This species is a circular or elliptical placolith with slits between the 

elements or the distal shield. The slits ar.e regularly or irregularly distributed. 

The c~ntral opening of the specimens is circular or elliptical. The maximum 
) 

length of the specimens ranges from 4 to 7.5#m. 

• 
(ienus Emiliania Hay and Mohler, in Hay et al., 1967 

type species : Emiliania huxlevi (Lohmann, 1902) Hay and ~fohler , in Hay et al. , 

1967 

Emiliania huxleyi (Lohmann, 1902) Hay and Mohler, in Hay et al. , 1967 

Pl. 2, figs . 4-6 

Synonyms : Hay _tl al., 1967, p. 447 , pis. 10, 11, figs . 1, 2; Boudreaux and Hay . 

1969, p . 262, pl. 2, figs. 10-12 

Remarks : Two ecologic varieties have been described by Mcintyre and Be . The 

warm water variety is characterized by 'T' shaped elements of both the d istal 

and proximal shields, whereas the cold water variety is ch~Hacteriz ed by 'T' 

shaped el(ments o( the distal shield and by nattened elements o( the proxim:ll ; 

shield . The specimens observed in this study resemble the cold water .variety : 

however, the distal shield elements o( the specimens are almost T shaped or 
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pointed toward the margin, perhaps due to partial dissolution . ~fclntyre and 

\fclntyre ( 1971) reported that highly dissolved specimens or . ~- hux;levi are 
~ '. 

indistinguishable from highly dissolved specimens of G. oceanica: Although the 

majority of specimens show indication of strong dissolution, such an extreme 

case is rarely observed in this study. 

Family Pontosphaeraceae L~mermann , 1908 

Genus Pontosphaera Lohmann , 1902 

Type species : Pontosphaera syracusana Lohmann, 1902 

Pontosphaera alboran!'nsis Bartolini , 1970 

Pl. 2. ·fig. 8 

Synonyms : Hay et _al. ,.--t_961, pis. 10, 11, r;·g. 6; Bartolini, lQiO, p. 148, pl. 6 , figs . 

&. i; Steinmetz and Stradner, 1984, pl. i f g. 1 .:. 

·-. 
Remarks: This spec1es IS a large ( 12 to · 15~m in max1mum length) elliptical 

basket-shaped coccolit~ with numero~ central perforations and a lame.llar rim. 

The perforations (about 0 .1J.Im in diameter) are arranged in radial rows almost 

to the margin of the d~stal shield. The lamellar rim, which· is the margin of the 

distal shield, is stretched (clockwise). in a sigmoidal shape in djstal view. ~i1 
~ . 

species closely resembles P. syracusana illustrated in Perch-Nielsen ( 1985. p : 499, 

fig .. ).'3). Only the smoothness .or the contact between shield and rim makes it 

possible to ~istinguish this species from E- syracusana. This species was 
\ 

extremely ra,re throughout the samples and was treated toget.her with P. 

japonica in the quaptitative analysis . 

Pontospha~ra discopor'l Schiller, 1925 

PI. 2, fig. 9 

, 
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~ynonyn1s : Black . H}68, p. 800, pl. 146, figs. 1, 2: Boudreaux and Ha;, 196fl ,V\ 

:?71. pl. 6. figs. I. 2; Perch-:'\ielsen, 198.5, p . -199, fig . 53, 7-9 \ 

Remarks: This spectes is a large 110 to 11 JJm m maximum length) elliptical 

basket shaped coccolith with a slightly concave proximal surface. The rentral 

:1rea of the proximal surface is perforated by relatively large size pores ( ahnu t 

0 .2 JJm in diameter). The· presence of relatively large pores is a di a gnn~t i c 

feature distinguishing from other species of Pontosphaera. 

Ponto~ ph :wra japo nica (Takayama. 1967) ~ishida. 19ii 

Pl. 2. figs . i-10 

Synonyms : Bartolini , 1970, p. 148, pl. 3, figs . 1-3; Wang and Samtleben ., lQ8:~. 

pl. 2. fig. 10; Perch-;\;ielsen, 19-% , p . ·t-19. fig . .53, 10 
I 

Remarks: Thi!> spectes is a large 19 to 11 J.lm in maximum length) ellipti ca l 

caneolith with a shallow proximal depression and a nearly flat distal surfac e . The 

central area of the proximal surface is perforated by numerous pores (about 

0 .1JJm in diameter) . The margin of the proximal surface is composed of various 

rod-shaped segments which are arranged almost perpendicular to the rim . The ,. 
margin of the distal ~urface is often roughly striated in a parallel direction to the 

elliptical margin. Black ( 1968, pl. 154, figs. 4 ,5) illustrated the specimens which 

~losely resemble f. japonira as Scyphosphaera species. According to Hay ll9ii) . 

the genus Scyphosphaera is distinguished from the genus Pontosphaera by its 

larger and deeper basket shape. ·Considering the shallow basket sh~pe o f the 
.• .. : ·-., 

specimens illustrated in Black ( 1968), it seems conceivable the author may havP 

misidenti[ed the specimens. 

Genus Helicopontosphae ra Hay and Mohler , 1967 

. T)'pe species : Helicopontosphaera kamptneri Hay and Mohler, 1967 

• 

.. 
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HPiirnpnnto.;.; ph aera kamptn Pri Hay and ~1oh ler . 1967 

Pl. .3. fi gs ~ . 9 

'. 

Sy nonyms : Black and Barnes. 1961, p. 139, pis . :!2,23; \1dntyre !.:!_ !!..[ .. Hj67. p 

12-13. pl. 6. figs. a.b ; Hay t>t al., 1967, p. 448. pis. 10.11. fig . .S: Byudreaux and 

Hay. 196Q. p. 272. pl. 6, fig . 8; Steinmetz and Stradner, 1984. pl. Q. figs . 1--t. 

Remark s: The center of the proximal surface consists of an elliptical sh ield with 

two elongated slits. In some specimens, a narrow open slit instead of two 

elongate slits is observed in proximal view, perhaps due to partial dissolution . 

:\arrow radiating plates spiral the central shield in a clockwise direction to fo rm · 

a flaring expansion ·at the end . The distal surface is char~terized by two central 

pores and ail expanded w'ing. H. sellii is distinguished · frorp H. kamptneri by the 
-~ -

presence of an oblique bridge in distal surface. 

f amily Rh abdosphaeraceae Lemmermann, 1908 

Genus Rhabdosphaera Haeckel, 1894 

Type species : Rhabdosphaera clavigera Murray and Blackman, 1898 

Rhabdosphaera claYige r:~. ~1urr~y and Blackman, 1898 

Pl. 3, figs . 10,11 

Synonyms : ~fdntyre and Be, 1967, p. 567, pl. 4, figs . a-c (as R. stylifera); 

Boudreaux and Hay, 1969, p. 266, pl. 4, figs. 6, 11 ; Bartolini, 1970, p. 142, pl. 6, 

figs. 8,9 ( i 

Remarks : '(his spec1es IS a nail or mushroom-like cyrtolith composed of a 
' 

ci rcular or elliptical basal plate and a club-shap~J appendix. The basal plate 1s 

concave proximally: The appendix comprises a bundle of elongated r.homboidal 

' 

0 
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r ::dcite elements. ~kintyre and Be ( 1967) and Bartolini ( 1970) conside r t>d B.. 
~t\· lirr:> ra as being synonymous with R. clavigPra. However, Boudreaux and Hay 

(1969) distinguished R. stylifera from R . clavigera primarily based o n the sh a pe 

of the basal plate. The authors (QQ cit.) ascribed ~be specimens with an Pll ipt ira I 

basal plate t o R. stvlifera. The majority of the spec imens observed in this s tu dy 

lack basal plate. Therefore, no attempt has b een made in this st ndy to 

distinguish the two species. 

family Syracospbaeraceae Lemmermann , 1908 

Genus Snacosphaera Lohmann, 1902 

Type spec ies : Snacosrhaera pulchra Lo hmann , 1902 

Srracosphaera p11lrhra Lohmann, 1902 

Pl. 3, fig. 12 

Syu nyms : Black and Barnes, 1961, p. 139, pl. 19, figs . 1,2; Bartolini, 19i0, p . 

1-t.t, pl. 8, figs . 1-3; Perch-Nielsen, 1985, p . 523, fig . i3, 6-8 

I 

Remarks: This species is a basket-shaped caneoli th with an ellipt ical , flat botto m 

in a distal side. The center of the distal surface is characterized by radial ribs. 

The radial ribs are composed of bundles of elongated calcite crystals which are 

to some extent overlapped at the inner and middle parts . Elongate perfor atio ns 

are developed alo ng the middle part of the radial ribs. This spec1es was 
..l . 

extremely rare throughout the samples ( < 1% ). Incomplete s pe cimens w ere 

observed often as elliptical rings . In this study, these specimens w e r e cou~ted as 

~· pulchra. 
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Plate 1 

Figs • . 1, 2 Cocco li thus pelagicus (1/allich) Schiller 

1. distal view X6,ooo (647B-1H-J, 60- 66c m) 

2. proximal view X6 ,ooo (647B-1H-J, 60- 66 cm) 

Fig . J ~ 

Umbi lico s phaera mirabili s Lohmann 

distal view X1),000 (647B- 5H-5, 40-45cm) 

F igs . 4 - 6 Cal cidiscus 1 e12toQoru s (Murray and Blackmah) 

Loeblich and Tappan 
.; 

4. distal view xs,ooo (647B - 6H-6 , 80- 85cm) 

5. distal view X10,000 ( 647B,..4H-6, 140-145cm) 
: ~ 

6 . side view X1J,OOO ( 64 7B- JH- J ,· 20- 25cm) 
\ 

Fig. 7 GeQhyro ca 12 sa oceanica Kamptner 

distal view X20 ,000 (647B- 2H-4, 140-1 4 Scm) 

Figs. 8 • 9 G. car'i bbeanica Boudr eaux and Hay 
I 

8 . coccosphere X·15, oo.o ( 647B- JH- 5, 40- 45cm) ,. 

9. distal vi ew X20, 000 ( 647B~2H- J, 100-106 cm) 

Figs. 10 -12 Q. a12erta· ·Kamptner 

10. side view X25 ,000 (647B-4H-2, 40-45c.m) 

11 . d.istal v.iew X25,000 (647B-JH-'2 , 120- 125cm) 

12 . proximal view X25 , 000 ( 6 4 7B-lH-4, ·so- 86cm) 
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Plate 1 



., 

' Plate 2 \ 

Fig. 1. Gephyrocapsa muellerae · Breheret 

distal view X20,000 (647B-2H-4, 100-lO)cm) 

Fig. 2 .Q. .!:2_!! Samtleben 

distal.;view X15,000 (647B-4H-2, 140-14.5cm) 

Fig. J g. protohuxleyi Merntyre 

distal view X25,000 (647B-2H-4, 120-12.5cm) -"'-· 

Figs. 4:-6 Emiliania huxleyi (Lohmann) Hay ami Mohler 

4. distal vieft XJO,OOO (647B-1H-2, 120-126cm) 

5, 6. distal view X25',000 (84-0JO-OOJ, Oc!Jl) 

Figs. 7~ ... Pontosphaera japonica (Takayama) Nishida 
.-

7. proximal view X7,000 ( 647B-1H-4, 120-126cm) 
8. proximal view xs.ooo (647B- 2H-2, 40-45cin) 

9. proximal view X7,000 ( 647B-4H-7~~5cmr 
10. distal view X8, 000 (647B-2H-2, 60-66cm) 

Fig. 11 ) E· discopora Schille!-

proximal view X7, 000 ~47B-4H-5, 140-14.5cm) 

Fig. '12 E· alboranensis Bartolini 

proximal view X5,000 ((i47B-1H-4, 120-126cm) 

' 

·' 
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Plate 3 

I 

Figs. 1-4 Crenali thus doronicoides (Black and Barnes) Roth 
1. distal view Xll, 000 (647B-5H-4, 120-125cm) 

~ 2. distal view X11,000 (647B-5H-4, 140-145cm) 

J. distal view X15,000 (647B-5H-2, 2·0- 25cm) 

4. distal view X15,000 (647B-6H-4, 20-25cm) 

Figs. 5-7 Pseudoemiliania lacunosa (Kamptner) Gartner 

5· distal view XlO,OOO (647B-5H-4, 140-145cm) 
6. distal view Xll,OOO (647B-JH-5, 120-l26cm) 

?. distal view X11,000 (647B-JH-7, 40-45cm) 

P'igs. 8,9 Helicopontosphaera kamptneri Hay and Mohler 

8. ~roximal view X6,ooo (647E-4H- 5, 140-145cm) 

9. proximal view X5,000 (647B-2H-2, 40-~6cm) 

Figs. 10,11 Rhabdosphaera clavigera Murray and Blackman, 

Fig. 12 
,. 

10. side view XlO,OOO (647B-6H-J, 40-45cm) 

11. side view XlO,OOO (647B-4H-4, 40-45cm) 

Syracosphaera pulchra Lohmann 

distal view X15,000 (647B-JH-J, 20-25cm) 
~ 

\ 
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CHAPTER 5 

PLEISTOCENE COCCOLITH BIOSTRATIGRAPHY 

6.1. INTRODUCTION 

A large number of zonal schemes have been proposed mainly 'tor lower 

latitudes (e.g., Hay et. al., 1967; Gartner, 1969, 1977a; Martini, 1971; Bukry, 

l0i8, 1975; Okada and Bukry, 1980). Among them, Martini's •Standard 

~n • and Bukry's zonation have been widely used and have proven to be 

usef~l for world wide correlation (Perch-Nielsen,.1986). 

All calcareous nannofossil zonations now being used are based primarily on 

the concept of • the interval zone• which represents the stratigraphic interval 

between two datums. 

There are several' datums that can be used in Pleistocene sediments. Above 

the last appearance datum (LAD) of Discoaster brouweri at £!· LQO Ma 

(Berggren et al., 1Q84), the datums commonly used to devise the zonations of the 

Pleistocene are: first appearance datum (FAD) of G. caribbeanica, FAD of G. 

oce:1nica, LAD of C . macintyrei, LAD of H. sellii, L\D or f . lacunosa and FAD 

o( ~ .. huxlevi. Among these datums, the LAD orE· lacunosa and the FAD of E. 

buxleyi are considered the most reliable datums (Gartner, 1Q72). It is noticeable 

that the F ADs.of G. caribbeanica and G. oceanica are considered less important 

primarily due to interspecific variation between the two species in spite of their 

prolific occurrence throughout the Pleistocene. 

Correlation of coccolith datums with the oxygen isotopic record from 

Pleistocene deep-sea sediments provided a useful guideline for stratigraphic 

" 
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subdivision o( the Pleistocene (Gartner, 1972; Gartner and Emiliani, 1976). The 

global synchroneity of the LAD of E· lacunosa and the FAD o( ~- buxleyj bas 
been established by correlation with the oxygen_ isotopic record and 

paleomagnetic ~ecord of deep-sea cores (rom tropicai, subtropical, transitional, 

and subpolar waters (Thierstein ·et al., 1977; Berggren et al., 1980, 11984). Th~ 

LAD of f.. lacunosa occurs in the middle of oxygen isotopic stage 12 at ~- 0.47 4 

~fa and the FAD o( &. huxleyi occurs within oxygen isotopic stage 8 at ca. 0.27 .~ 

~fa (Berggren!! al. , HJ84). 

:\ few biostratigraphic studies have been made o( Pl~stocene coccoliths 

from 'the high latitude North Atlantic Ocean (e.g., Bukry, 1972; Perch-Nielsen , 

1972; Gard, 1986, H)88; Tak-ayama and Sato, 1987; Firth in Srivastava, Arthur, 

Clement et al, 1987). The ionations devised by Perch-Nielsen ( 1972, DSDP Leg 
• 

12) a.nd Bukry (1972, DSDP Leg 12) are correlated with Martini's (1971) 

• Standard Zonation • (!able 5.1). Perch-Nielsen subdivide~ the Pleistocene into 

E . huxl evi Zone, G . oceanica Zone, Coccolithtis doronicoides Zone and f.. 
lac unosa Zone. On the other hand, Bukry combined the C. doronicoides Zone 

and P . lacunosa Zone of Perch-Nielsen to d"vise C . doronicoides Zone. Gard - . -
( 1986, 1 ggg) attempted to establish coccolith l>iozonation of Norwegian Sea-Fram 

Strait areas based on the total abundance of coccolith from sediments and the 

interrelationships between major component species e.g., E . huxleyi, Q. pelagicus 

and Gephyrocapsa sp. by using light microscope. Takayama and Sato ( 1987, 

DSDP Leg 94) and Firth (1987, ODP Leg 105) employed Martini's (1971) 

•Standard Zonation• and detected NN21 (&. h_uxleyi Zone), NN20 (G. oceanica 

Zone) and NNlQ (f. lacunosa Zone). 

Definition of Per/h-Nie1~n and Bukry's zonations is considerably different 

from that ·of Martini's zonation. For instance, G. oceanica Zone or Bukry and 

Perch-Nielsen is defined by the interval from the FAD or G . oceanica to the 

FAD o( ~- huxleyi , whereas Martini's G. oceanica Zone is defined by the interval 

.. 
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Table 5.1. Correlation of the high latitude North Atlantic 

calcareous nanofossil zonations with Martini's (1971) · 

"Standard Zonatio~ 

Datums 

Perch-Uielsen, 
' 

1972 
(Leg 12, DSDP) 

.f· huxleyi 
Zone 

Bukry, 197 2 Martini, 1971 
"Standard 

(Leg 12, DSDP) Zonation" 

E. huxle~i 
Zone 

NN21 
(~. huxleyi 

Zone) 

FAD of ,.....~--- · --·---4--·-·--· -+---·--·-·-

E . huxleyi \. NN20 

LAD of ,..... G. oceanica 

l:O lacunosa · Zone 

(Q. oceanica 

Zone) 

G. oceanica ~- -----·----·-

Zone 

FAD of ,..... ~--·-·---+--·-·-- . --
G . oceanica 

f· 
doronicoides 

Zone 

FAD of C.~----·------·-·­, 
doronicoides E· -lacunosa 

Zone 

~· 
doronicoides 

Zone 

NN19 
(f. lacunosa 

Zone) 

LAD of 
(-

~-·--·--·--+----·-·--·-+--·-·-·-
12 · brouweri 
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from the LAD of f. lacunosa to the FAD ot ~- huxleyi (Table 5.1). Similarly, f . 
lacunosa Zone of' Perch-Nielsen is defined by the interval from the LAD or Q. 

brOlJW('ri to the FAD or£. doronicoides; however, Martini's f. lacunosa Zone is 

defined by the interval from the LAD of,D. · brouweri to the LAD of f . lacuno~a 
Y' . 

(Table 5.1 ). 

s~2. BIOST_RATIGRAPIDC Z01ATION 

\fartini's (19il) •Standard Zonation• is employed in this stady primarily 

because the FAD or E. huxleyi and the LAD or f . lacunosa have prove:1 to be 

the most reliable and globally synchronous datums in the Pleistocene (Gartner, l _. 

· · 19i2; Thierstein et al., 1977; Berggren et al., 1980, 1984). 

Emiliania huxleyi Zone (NN 21) 

Definition : Interval from the FAD or~- huxleyi to the present. 

Remarks : In this study, the FAD or~- huxleyi is found at ll.lm (647B-2H-3. 

HJ-25 em) which corresponds to the oxygen isotope stage transition 8/7 (Fig.S.l ). ) 

The datum observed in this study is slightly younger than the global datum 

which .occurs within oxygen isotopic stage 8 at S!· 0.275 \1a (Berggren et al., 

1984). The previous nannofossil studies of Site 647 indicated that the FAD of~­

h uxleyi occurs within oxygen isotope stage 7 (between 64i8-1 H-i, 114-116 em 

and IH-6, 13~132 em) in Hole 6478 {Firth et al, in press) and within the upper 

part of oxygen isotope stage 8 in the site survey core84-03~003 (Hearn , 1986). 

Gephyrocapsa oceanica Zone (NN 20) 

Definition : Interval from the LAD or P . lacunosa to the FAD of~- huxleyi . 

a 



tt 

Fig. 5 .1 . Calcareous nannofossil datums and zo natio~s in 

Hole 647B. Magnet'ic stratigraphy and oxyge~ isotopic 

stratigraphy are from Sri ve.stava, Arthur, Clement e t al. 
• I . 

( 1987) and Aksu et al. (in press), respectively. 

I · 
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Datums 
Ca lcareous nannofoss t 
zonat 1ons 

NN 21 
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., 

Remarks: In this study, the LAD of ,E. lacunosa occurs at 21.8m (6t7B-3H-3: 

120-125 em) which corresponds to the lowe~most part of oxygen isotopic stagel2 

(Fig.S.1 ). Firth et al (in press) indicated that this datum is found to occur 

within oxygen isotope stage 12 (between 647B-3H-3, 120-125 em and 3H-2. 80-8.) 

em) in Hole 6478. 

PseudoPmiliania lacunosa Zone ( NN 19) 

Definitio n: Interval from the LAD of Q. brouweri to the LAD of ,E. lacunosa. 

Remarks: It has been reported that the lower part of Zone NN19 is often 

'haracterized by the occurrence of !f. sellii and C . macintyrei (Gartner,1977). 

Because the LADs or H. sellii and Q. macintvrei as well as tre LAD of D. 

hrouweri were not encountered in this study, the oldest studied sample is 

considered to lie above the LAD of D. brouweri. Therefore, the studied samples 

' below 21.8 m (6478-JH-3, 120-125 em) are referred to .only the upper part of 

Zone i\N19. 
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CHAPTER 6 

PALEOECOLOGY 

6.1. INTRODUCTION 

6.1.1. PRESERVATION 

The effect's of calcium carbo~ate dissolution on the species composition of 

c~colith assemblages have been studied in the Atlantic by Mcintyre and 

Mcintyre (1Q71), Berger (11)73), and Schneidertnann (Hl73, 1Q7i) and in the 

Pacific by Roth an8 Berger (1Q75) and Roth and Coulbourn (1982) . According 

to Mcintyre and .Mcintyre (1971), the holococcoliths and caneoliths (basket­

shaped heterococcoliths) are the first to be dissolved and the placolitbs 

(heterococcoliths consisting of_.two circular shields connected by a central tube) 

and cyrtolitbs ( beterococcoliths consisting of a club-shaped basal plate and a 

long appendix) are the most resistant form to dissolution with depth. Among the 
.; 

placoliths, ~- huxleyi and G. oceanica can be indistinguishable with progressive 

dissolution (QP,. cit.). Berger (1973) pointed out that C. leptopora, G. oceanica, 

G. raribbeanica and C . pelagicus are the most dissolution-resistant coccoliths in 

sediments of the Atlantic Ocean Scbneid.ermann ( 1973) subdivided the 

compensation zone of calcareous nannoplankton into mesolytic zone (only 

solution-resistant coccoliths present), oligolytic zone (removal of soluble 

coccoliths) and eolytic zone (initial dissolution of soluble coccoliths). The 
t' 

terminology used by Schneidermann ( 1973) was employed from Hsii and 

Anderson's {1970) description of five dissolution facies in pelagic s~diments of the 

South Atlantic. Schneidermann showed that the dissolution zones become 

shallower as the latitude increases mainly due to the strong effect of. cold bottom 

~ater (Fig. 6.1) (Schneidermann, 1973, 1Q77). 
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Fig . 6 .1. Bathymetr ic subdivis~on of coccoli th dissolutio n 

zones in the At l a n t i c Ocean (after Schneider-mann, 1977) . 
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The bathymetric location of Hole 6478 belongs to SchneiJermann 's 

oligol~' tic zone which is characterized by the presence of well-preserved to partly 

dissolved placolith, highly dissolved specimens or~· pulchra and appt•ndiXt>s of 

Hhabdosphaera sp. (Schneidermann , 1977). In this study, the preservation state 

of placo liths is generally good throughout the core except fo r the presence of 

highly dissolved specimens of E . huxleyi. The preservation state of caneoliths is 

poor throughout the core; however, in a few intervals specimens or PontosphaPra 

sp. are well-preserved. The preservation state or. cyrtoliths is poor throughout 

the core and only the appendixes of Rhabdosphaera sp. are preserved in most 

samples. Holococtoliths are not observed in this stud}\. The preser.vatio n state of 

the observed coc.coliths and the resultant assemblages indicate that Site 6·17 has 

been situated above the CCD, probably within the oligolytic zone through the 

studied interval. 

Interrelationships between temperature-sensitive coccolith species and their 

susceptibtlity to dissolutioll are illustrated in Fig. 6.2. In general, warm water 

coccolith species are highly susceptible to dissolution because of their delicate 

and open-structured characteristics, whereas cold water species are more 

resista nt because of their solid and dense characteristics (Mcintyre · and &li . 

1967). Therefore a floral assemblage affected by dissolution would reflect a 

colder environmental signal than the true one. Becau.se many caneoliths. 

cyrtofiths and some placoliths of the coccolith assemblages in Hole 6478 have 

shown evidence of partial dissolution, it is conceivable that tliese floral 

assemblages may ·be interpreted to indicate surface waters colder than the water 

temperature during deposition. 

I 
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Fig. 6 . 2 . Temperature-sensitive coccolith species and their 

suscepti biU ty to dissolution. 1) Cyc loli thella annula; 

2) Cyclococcolithina fragilis; J) Umbellosphaera tenuis; 

4) Disco sphaera tubifera; 5) .f.. huxleyi; 6) Umbellosphaera 

irregularis; 7) Q· mirabilis; 8) B.· mirabilis 9) !i• 

kamptneri; 10) .Q. leptupora; 11) Gephyrocapsa sp. ; 

12) .£• pelagicus (after Berger, 1973) . 

' 
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6.1.2. PRODUCTIVITY 

Th (' production of planktonic foraminifera and coccolithophorids in surface 

wat ers has been considered one of the principal mechanisms controlling cyclic 

v:uiations in carbonate content lD Pleistocene deep-sea sediments (Arrhenius, 

1952. 1963; Wiseman ,1065). Biogenic carbonate productivity is very difficult to 

quantify (Gardner, 1082; Dean and Gardner, 1086). Arrhenius ( 1052~ suggested 

that glacial stages, are characterized by higher accumulation of calcium 

carbonate resulting from increased biological productivity due to intensified 

upwelling in tbC: equatorial Pacific divergence. However, Mcintyre et al. (1972) 

demonstrated that high latitude oceanic areas are different from low latitudes in 

the response of primary b~ological productivity to climatic fluctuations. They 

showed that in high latitud('s glacial stages are characterized by minimum 

biological productivity, and in low latitudes by maximum productivity (Fig.6.3). 

T oday Site 647 is located in the maximum productivity zone of the North 

:\.tlantic (\tclntyre et al., 1072). Considering the latitudinal migration of the 
' 

maximum productivity zone in response to climatic fluctuations , the overlying 

~rea of Site 647 may have experienced a large degree of surface productivity 

variations throughout the Pleistocene. 

The relationship between the concentration of coccoliths in sediments and 

biogenic carbonate productivity in the overlying surface waters bas been 

emphasizf d by Mcintyre and his colleagues (Mchityre and Mcintyre, 1071 ; 

Mcintyre et. al., 1Qi2; Ruddiman and Mcintyre, 1976). According to Mcintyre 

and Mclntyre (1071), the highest concentration of coccoliths in the present North 

Atlantic is located beneath the northern margin of the subtropical gyre where 

the primary productivity is also high. However, downcore coccolith variations 

should be interpreted with caution because in some places, coccolith 

concentra tion is influenced by dissolution, bottom current winnowing, dilution 
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- High productivity 

Fig. 6.J. Latitudinal migration of high productivity zone 

with .respect to glacial-interglac'ial climatic fluctuations 

(after Mcintyre et al. , 1972). 

l 
.. 
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by trrrigenous sediments and the geological history (e.g., tectonic uplift) of the 

study are:.1 (Ramsay, 1Q72). 

8.1.3. POSSIBLE CAUSES OF COCCOLITH ABUNDANCE 
CHANGES 

The initial report (part ... A) of ODP Leg 105 (Srivastava, Arthur. Clement tl 

al., lQ~i) indicated that coccoliths contributed significantly to the biogenic 

carbonate content of the .cored sediments: The report also suggested that the 

lithologic variations of the cored sediments may be the result of dilution, 

dissolution of calcareous microfossils or productivity variations. Therefore, it will 

be necessary to understand the possible causes of coccolith abundance changes in 

order to interpret the floral data properly. 

Aksu and Mudie ( 1985) suggested that variations in planktonic faunal and 

floral abundances are controlled by three main factors : dissolution cycles. 

changes in biological productivity, and changes in sedimentation rate. According 

to faunal data from Hole 647B, planktonic foraminiteral barren zone was not 

reported throughout the core and B/P ratio was much less than 1, which 

suggests that calcium carbonate dissolution was not too extensive to obliterate 

the productivity record ~n Site 647 (Aksu et al., in press). Poor correlation of the 

foraminiferal test fragmentation record with the oxygen isotopiC and faunal 

records also indicated that dissolution is not a primary factor controlling · 

downcore variations in faunal abundance in the area (Aksu et at., in press).. 

Aksu et al. (in press) also suggested that change in sedimentation rate is not an 

important factor controlling downcore variations in faunal abundance of Hole 

647. Therefore, downcore coccolith abundance changes in Hole 6478 are likely 

to signal at least the first-order cycle of the primary biological productivity 

history of the southern Labrador Sea. However, it should be borne in mind that 
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dilution by terrigenous sediments, bottom current winnowing or dissolution of 

coccoliths as well as bioturbation and core deformation may have smoothed or 

I.'Xag,gt>rated the productivity signals. 

6.1.4. CALCAREOUS NANNOPLANKTON BIOGEOGRAPHY 
AND WATER-MASS DESIGNATIONS TO COCCOLITH 
ASSEMBLAGES 

Based on both plankton (centrifugation and Millipore sampling) and surface 

sediment (trigger weight coring) samples from the Atlantic,· \1clntyre and 

Be ( 1967) identified five climatic •coccolithophorid floral zones• : tropical, 

subtropical, transitional, subarctic and subantarctic (Fig. 6.4) . The subarctic 

zone of the present Atlantic Ocean is characterized by the abundance · of C . 

pelagicus and ,!;!. huxleyi and the minor presence of C. leptoporus, whereas the 

transitional zone is characterized by the dominance of &. huxleyi and C . 

leptoporus and the minor appearance of C. pelagicus (Table 6.1). Based on 

coccolith assemblages, Mcintyre et al. ( lQ72) defined three water-masses in the 

North Atlc.ntic : subpolar water-mass dominated by ~- huxleyi, G. caribbeanica 

and Q. pE>Iagicus ; transitional water-mass characterized by C . pelagicus and 

•cool subtropical species•; and . subtropical water-mass represented by ~· 

pulchra, R. clavigera and G. ericsonii (Table 6.1). On the basis of surface water 

temperature ranges for modern coccolithophorids established by Mcintyre and 

Be (1Q67) in the Atlantic and by Mcintyre et al. (1Q70) in the Pacific, Mcintyre 

et a). ( 1Q72) assigned an optimal temperature range to each of these assembl~ges 

: subpolar species = '2-6°C; transition&~ species = ~14°C; subtropical species = 

12-28°C. Roche et al. (1Q75) employed the Imbrie and Kipp's (1Q71) 

paleoecological transfer functions and produced four coccolith assemblages 

entirely based on surface sediment samples of the North Atlantic : assemblage 1 
~' ··-. 

dominated by Q. leptoporus, variety C; aSsemblage 2 dominated by C . pelagicus; 

{ 
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Floral zonea 

Fig . 6 .4. Coccolithophorid floral zones of the Atlantic 

Ocean (I = tropical; II = subtropical; III = transitional; 

Iv =subarctic- subantarctic) (after Mcintyre and Be, 1967). 

.. 
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Table 6 .1. Water"mass designations to coccolith ass emblages ' 

from the North ·Atlantic. 

c o'ccoli th species 
iiater masses 

Mcintyre and Be, Mcintyre .!.! !.l·' Ruddiman a nd 
1967 1972 ~crntyre, 1976' 

Subpolar f· Eelagicua ~ · huxh:z:i ~· 12elagi cus 

~· hux!e;x:i g. c·aribb!anica 
f. leJ2tOQo rus f.· Eelag icua 

Transitional f· huxl e:z:i f.· E•lagicua ~· le!2tOQOrl.iS \ 

f · le12toEorus "Cool subtropical variety c 
g. eric s oni i s pecies" 

~ 

.8· clavigera 

g. o c eanica 

11.· ~ 
f.· Qelagi cus 

Subtropical 11. · .!!lliW! ~· J2UlctJra f.· s i nuo sa . 'i · clavig~ra .8· clavig~ra .\!..:. ;nirabil,is 
Q. tubi t~ra g. ericsonii 11. · .!!D&:! f . an.,ul,us B· c lav i gera 
g. ocean~ca .§. . !2Ul ~hra 

11. · mi rabU i s l!.· irre~laris 

!!· kam12tneri 

£· h12toli!orus 

I 
£. fragi lis 

~· hUJ!ih:t:i 
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assemblage 3 dominated by !L mirabilis, B: . cla.vigera, ~- pulchra and 

Cakioso!Pnia sinuosa; assemblage 4 dominated by g_: oceanica. Because r;,. 
huxlevi has evolved from G. caribbeanica. within the time interval under study, 

{the latest Pleistocene), these two species are ecologically unstable and vary in 

bio.geographic range through the evolutionary interval (Roche et al., H)i5). 

Therefore, ~- huxleyi and G . ca.ribbeanica have been eliminated from the Roche 

-.et al. analysis. · By the compariS?D of the geographic distribution and the 

temperature-salinity characteristics of each assemblage with the surface currents 

and water masses in the North Atlantic, Roche et al. (1Q75) showed that 

assemblage 1 corresponds to the Gulf Stream-North Atlantic Drift and · the 

Benguela Current; assemblage 2 characterizes the subarctic water-mass; 

assemblage 3 corresponds to the South Equatorial and Flori~a currents; and 

assemblage 4 corresponds to the Canary and Equatorial currents. Subsequently, 

assemblage 1, assemblage 2 and . assemblage 3 have been designated as 

transitional, subpolar and subtropical •ecological water-masses•, respectively by 

Ruddiman and Mcintyre (1Q76) (Table 6.1). ' 

6.2. PALEOENVIRONMENTAL INTERPRET·ATION OF 
COCCOLITHS 

6.2.1. DOWNCORE VARIATIONOCOCCOLITH 
ABUNDANCES AND THEIR COMPARISON WITH THE 
OTHER PALEONTOLOGICAL, SEDIMENTOLOGICAL AND 
OXYGEN ISOTOPIC DATA 

Abundances of total coccolith and some important species are plotted by 

depth (Fig. 6.5) and are compared with the sedimentological, planktonic 

foraminiferal, palynological and oxygen isotopic data. from southern Labrador 
( 

Sea cores (Srivastava, Arthur, Clement et al. , 1987; de Vernal and Hillaire-

Marcel, 1987a, 1987b; Aksu et ~1.. in press). The total coccolith abundances 

greatly fluctuate throughout the interval studied. In general, glacial isotopic 

stages (particularly, 2·, 4, 6, 20, 24 and 30) are characterized by low total 
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coccolith abundance although stages 8, io and 14 are characterized: by relatively 
I 

I 
higher total coccolith abundance. It is noticeable that the early phases of glacial 

• I 

stages (e.g., 8, 12, 20, 22 and 24) are 1ela:tively high in abundance compared to 

the later phases. Most interglacial stages are characterized by highN. to tal 

....-coccolith abundance. However; several interglacial stages of younger sediments 

e.g .. oxygen isotope stages 1, 3, 5 and i are marked by much low.er abundance 

than glacial stages 8 , 1q and 14. A total of 27 samples ('16 samples from glac ial 

s tages and ll srples from interglacial stages) is barren of coccoliths. Among 

the barren sam~les from interglacial stages, 6 sample~ correspond to the glac ial 

to interglacial transitions. However, the glacial to interglacial trans.ition 6/5. 

where Hearn ( 1986) observed barren zones 10 Hudson 84-030-003, 1s 

characterized by increased number of coccoliths in this study. 

E . huxlevi constitute~ less t.Man 10% of the nora through the interval fro m 

stage 1 to stage 7 except the uppermost part of stage 1 where the species forms . . 

up to abou t 2500. C. pelagicus is relatively abundant through the interval fro m 

stage 1 to stage 7, forming up to about 51% . Below stage 7, C. pelagicu~ 

constitutes mYch less than. 20% except the highest peak (about 58% ) in stage 12 . 

.§. huxleyi and C . pelagicus dominate the nora at the uppermost part of stage 1, 

constit~ting more than iO% ·or the total. Data from Northeast Atlantic (DSDP 

Hole 552A) and Norwegian Sea-Fram Strait cores also indicated that oxygen 
/ 

isotope stage is marked by high abundance peaks or E. huxleyi and C . pelagicus 

· (Gard, 1986, 1988). 

Considering the abundant occurrences of ~- huxleyi (cold water variety) 

and C. pelagicus_in the subpolar waters or the modern North Atlantic (Mcintyre 

and' Be, 1967) and the modern North Pacific (Mcintyre et al., 1970), the abrupt 

incre2. 1e in the relative abundance of E . huxleyi and the high abundance of C . 

pelagicus at the upper most part of stage 1 may suggest an increising role of the 
. . 

Labrador Current in the surface circul'ation patterns of the Labrador Sea during 

the later phase or the interglacial stage: 



Fig. 6.5. Downco~e abundances of total coccolith and 

selected species. 
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It is also noticeable that the relative abundance . of Q. oceamca 1s 

considerably low at the uppermost part of stage l. Due to an extremely low 

abundanc ·~ of ~· huxlevi except the · topmost sample of stage 1, dominance 

reversal between E. huxleyi and Gephyrocapsa sp. complex is difficult to define 

accurately in this study. Considering highly corroded specimens of the observed 

!2,. huxleyi, the dominance reversal· may have been partially masked by a 

selective dissolution of the more susceptible 'species, i.e. E . huxleyi as did so 10 

01orwegian-Fram Strait cores (Card, 1Q86). Except the upper part of stage 1, G . 

oceanica and £. pelagicus dominate the flora through the interval from stage 1 

to stage 7, showing an internally reciprocal relationship between these two 

spec1es. Oxygen isotope stage 5 is marked by a distinct mutual exclusion 

between these two species (a high abundance of .G : oceanica and an extremely 

low abundance of C. pelagicus). Remarkably high abundance peaks of •small 

placoliths• comprising matnly Gephyrocapsa. sp. were observed in stage 5 in 

Norwegian-Fram Strait cores (Card, 1Q86, 1Q88). 

It has been reported that G. oceanica characterizes relatively warm waters 

ranging from 13 to 26°C, optimally ranging from 17 to 23°C (Mcintyre and Be, 

HJ6i) and occurs abundantly in the modern Equatorial Atlantic (Geitzenauer et 

al. , 1977). Honjo {1Q76) suggested that coccoliths produced in·the Florida Strait · 

could be transported to the Labrador Sea by the Gulf Stream within the same 

season. Therefore, it is conceivable that G. oceanica may have been transported 

by the Gulf Stream - North Atlantic Drift with. other tropical species during 'that 

interval. However, considering that tropical and subtropical waters of the North 

Atlantic during the last 85,000 years were domin~ted by . E. huxleyi (Theirstein 

et al. , lQ77) which recorded very low abundance in Hole 6478 during most of 

that interval, the abundant occurrence of G. oceanica during that interval may 
. ~ 

be due to the increased local production of the species caused by the influence of 

warm N~rtb Atlantic Drift waters. In either ~ase, the reciprocal r~·lations~ip 
between t . pelagicus and G . oc"eanica probably reflect the ·interactions between 

-
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the cold Labrador Current and the warm North Atlantic Drift waters during 

that inter,:al. Accordingly, the observed floral curves (the drastic decline in the 

abundan.:e of C. P"lagicus and the increasing abut~ dance of G . oc ~an ira) in 

oxygen isotope stage 5 may represent a dom:nant role of the Gulf Stream-:"iorth 

Atlantic Drift over the Labrador Current in tte southern Labrador Sea d•1ring 

' that interval. 

G. oceanica and G. caribbe~nica also show a reciprocal relationship in 

abundance. In general, G. oceanica dominates the flora through the interval 

from ,tage 3 to stage 7, forming up to 75% of the coccoiiths. G. caribbeanica 
' 

constitutes less than 25% of the coccoliths through the interval from stage l to 

stage 7, but the species dominates the flora through the interval from stage 8 to 

stage 24, forming up to 83% of the coccoliths. However, no particular relation to 

glacial or interglacial stages is observed in both species. 

· Ac'cording to calcareous nannoplankton biogeographic studies based on 

plankton tow samples in the modern Pacific (Mcintyre et al., 1970) and based on 

coccoliths in the sediments of the North Pacific and the North Atlantic 

(Geitzenauer et al., 1977), G. caribbeanica occurs in the tropical to subpolar 

region with a _preference for cold waters. Because G. oceanica has been reported 

to have a preference for warm waters (Mcintyre and Be, 1967), it is conceivable. 

that the reciprocal relationship between G . oceanica and G . caribbeanica reflects 

water-mass interactions, probably between cool and warm water-masses in the 

southern Labrador Sea. However, considering that G. oceanica has evolved from 

G. caribbeanica through the Pleistocene (Gartner, 1977), it is unlikely that the 

reciprocal relationship is entirely the result of such water-mass interactions. 

Below stage 24, Q. doronicoides dominates the flora, forming up to IH% of 

coccoliths, which result~ in a reciprocal relationship between G. caribbeanica and 

C. doronicoides in abundance. Sachs and Skinners (1973) suggested that G . 
i 
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r:uibbf:'aoica may have evolved from C. doronicoides during the early 

Pleistocene. The reciprocaL relationship between the two species recorded in Hole 

6·ti8 probably reflect the evolutionary change between them. 

The transitional intervals (32/31, 20/1Q, 18/17 and 12/11) are marked by 

barren of coccoliths and abrupt decrease in planktonic foraminifera (Aksu et .!!. 
in press). The lithofacies or the transitional interval from glacial stage 12 to 

interglacial stage 11 is characterized by laminated detrital carbonate bearing 

clayey silts which have been \tterpreted as turbidites (Srivastava, Arthur, 

Clement et al., 1Q8'7). The litholacies or the other transitional intervals (32/31, 

20/1 g and 18/ 17) are characterized by terrigenous silty clays which have been 

interpreted mainly as the product or ice-rafting (2£. cit.). Therefore the four 

transitional intervals appear to be the result of dilution by glacial detritus input 

or terrigenous influx driven by turbidity currents during deglaciation. 

Suppressed biological productivity caused by the input of low-~alinity and low­

nutrient melt waters during deglaciation may1rave played a role in combination 

with the dilution by terrigenous sediments. Further studies particularly of 
. -

siliceous and organic-walled microfossils are required to substantiate the possible 

contribution of low-nutrient melt water. In contr&St, the other glacial to 

interglacial transitional intervals marked by barren of coccoliths are. correlated 

with t~e relatively highest peaks or the planktonic foraminiferal abundance 

curve (Aksu et al, in press). Accordingly, those intervals are not likely to result 

from low-salinity melt water input or dilution by terrigenous sediments because 

the inriux o{ terrigenous sediments by turbidity currents, glacial detritus input, 

or low-ri~trient melt water input results in the · same effect on planktonic 

foraminifera as does on coccoliths (Mcintyre et al., 1972). 

Dinocyst data from the sitb survey core 84-~003 for Site 647 through 

oxygen isotopic stages 1 to 8 (de Vernal and Hillaire-Marcel, l~a) provide 

· supporting evidences for coccolith data. Dinocyst abundance throughout 
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isotopic stages 1 to 8 from the site survey core shows that glacial stages are· 

char~cterized by low abundance of the flora except the higher abundance peaks 
' . 

during the ea ly phases of stages 6 and 8 (de Vernal and Hillaire-Marcel, H)8ia). 

In general , the dinocyst abundance variations show a good correlation with 

coccolith abundance variations in thi;s study. The overall decline in total 

abundances or the two phytoplanktonic microfossils during glacial intervals 

suggests that primary hiological productivity was reduced during most glacial 

stages: Dinocyst assemblages from the site survey cor~ show that warm-water 

species were persistently present throughout oxygen isotopic stages I' to 8 except 

for a brief interruption during the late phase of stage 2 (de Vernal and Hillaire­

Marcel, 198ia, 1987b). The presence of warm water species of both dinocysts 

and coccoliths throughout stages 1 to 8 with an interruption during the late 

phase or stage 2 perhaps indicates that the site was persistently influenced by 

warni No,rth Atlantic surface water during the past ~· 0.3 Ma (Aksu et al., m 

press). with a brief interruption during the last maximum glaciation. · 

Pollen assemblages from Hole 6478 also show that upper parts or 

interglacial stages 5 and 7 are marked ' by high poHen concentration, consisting 

dominantly o( Picea (spruce tree pollen); and the early phases o( glacial stages 4 

and 6 are also marked by a large number of Picea pollen (Aksu et al., in press). 

The high pollen concentration during interglacial stages and the early phases of 

• glacial stages appears to be compatible with coccolith data; however, the 

relatively low pollen concentration in southern Labrador Sea cores (84-03~003: 

de Vernal and Hillaire-Marcel, lg87a, }g87b; 6478: Aksu et al., in press) makes 

it difficult to attempt further detailed comparison. 
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6.2.2. WSTORY OF SURFACE WATER-MASSES 

.\s pointed out by A)csu et al. . (in press), the spatial distribution or the 

water-masses in the Labrador Sea throughout the Pleistocene cannot be 

rletermined with limited core coverage because the water-mass distribution of 

the Labrador Sea is controlled by complex interactions between the North 

Atlantic Drift, the Labrador Current and the West Greenland Current. 

Therefore, io this study, only tb·e temporal distribution of watt• :-masses in the 

overlying area of Site 647 is reconstructed ,primarily based on the coccolith 

assemblages from Hole 6478. The reconstructed ecological water-masses are 

related to polar front migration and changing circulation patterns or the surface 

currents, particularly the interactions between the warm North Atlantic Drift 

and the cold Labrador Current by the companson with regional 

paleoceanographic trends in the Labrador Sea. Ruddiman and Mclntr,re's ( 1976) 

ecological water-mass designations to coccolith assemblages are employed in this 

study . Ruddiman and Mcintyre (1Q76) designated three water-masses as follows 

: subpolar water-and drastically increases toward the lower part of the mass 

characterized by C. pelagicus; transitional water-mass characterized by C . 

lepto porus: subtropical water-mass characterized by U. mirabilis, R. claviger and 

~· pulchra. Because calcareous nannoplan~tons are not present in polar waters, 

polar water-mass is defined by barren of coccoliths which is correlative with a 
' 

maximun:t development of polar fauna (Neogloboguadrina pachyderma sinistral) 

(Ruddiman and Mcintyre, 1Q76). 

The temporal distribution of the floral assemblages and the · reconstructed 

ecological water-masses are shown in Fig. 6.6. All the coccolith barren zones 

including the transitional · intervals (32/31, 20/19, 18/17 and 12/ll)are 

attributed to the presence of polar water-masses although low-nutrient input or 

dilution by terrigenous sediments appears to be responsible for the barren zones 
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Fig. 6.6. History of surface water-masses in Site 647. Assemblage SO indicates • the 

amount of each floral assemblage component species• calculated from the total sum 0f 

the flora used in water-mass designation. The barren intervals which appear to be 

influenced by dilution or low-nutrient melt water input are indicated by wedge mark ~. 
Planktonic foraminiferal water-masses are from Aksu et al. (in press). 
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or •A transitional intervals. Subpolar assemblage is relatively abundant in 

stages 1 to 7, particularly in the upper part of stage 1. Transitional assemblage 

is persistently present throughout the entire interval although the assemblage 

tends to be more abundantly distributed in the lower part of the sectio n. 

particularly in stages 23, 29, 31, 33 and 35. Subtropical assemblage is also 

persistently present through the almost entire intenal but are extremely limited 

in relative abundance. In general, the upper part of Hole 647B - stages I to 

12/13. 0 to £!· 0.472 Ma (Shackleton and Opdyke, 1976) is dominated by 

subpolar and transitional water-masses with an incursion of polar water-masses 

during the J.:-.er phase of glacial stage 2, whereas the other part- stages 12/13 to 

3-~/36, ca. 0.472 Ma to£!. 1.076 Ma (Ruddiman, Raymo and Mcintyre, 1986) is . 
persistently dominated by transitional water-masses with sporadic incursions of 

polar water-masses during isotopic stages 15, 16, 18, 19, 20, 24, 25; 26, 29, 31 , 

32. 33 and 34. It :., noticeable that the early phases of several glacial stages. 

particularly stages 2, 4, 6, 8, 10, 12, 14, 20, 24 are characterized by transitional 

or subpolar water-masses. 

. The presence of coccolith-barren zones during the late phase of glacial 

stage 2 may indicate increased influence of cold Labrador Current water 

comparable to the present-day inner Labrador Current water and southward 

migration _of polar front during a severe cold interval of the glacial stage. The 

cold interval has been reported also from central North Atlantic cores · 

(Ruddiman and .Mcintyre, 1981b), from the eastern Grand Banks slope and 

Flemish Pass areas (Alam et al., 1983), and from Norwegian-Fram strait cores 

(Gard, 1986). 

The presence of traos~tional or subpolar water-masses during the early 

phases of several gla-=ial stages is compatible with the faunal and floral data from 

Labrador Sea anq Baffin Bay cores (Mudie and Aksu, 1984; Filion and Aksu, 

1985; Aks.u and M-.die, 1985) which suggested northward advection of warm 

. ! 
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:'\orth Atlantic water via channelized storm tracks during the initial intervals of 
. I 

m ajor ice growth phases. The paleoceanographic conditions in the Labrador Sea 

during the early phases of several glacial stages are delineated by the 

paiP.oceanographic map reconstructed by Aksu and Mudie ( 1985) primarily based 

<;> n the faunal and floral data from Labrador Sea and Baffin Bay cores (fig. 6.7). 

·v 
In general, ecol~~ical water-masses deduced from the coccolith assemblages 

from Hole 6478 reflect warmer paleodimatic . trends than those from the 

planktonic foraminiferal assemblages from the same samples (Aksu et 1!1-, in 

press ). For instance, the planktonic foraminiferal data indicate that Hole 6478 is 

dominated by subpolar and polar water-masses, whereas the floral data indicate 

that Hole 6478 is dominated by transitional and subpolar water-masses (Fig. 

6.6). The colder response of the planktonic foraminiferal assemblages may be 

attributed to the fact that planktonic foraminifera tend to live in a greater depth 

in th ~ vertical water column of the ocean compared to coccolithophorids, 

resulting in a colder temperature signal for the foraminifera than for the 

cocco:ithophorids (Ruddiman and Mcintyre, 1Q76). However, it should be noted 

that ecological water-masses defined by planktonic foraminiferal assemblages are 

different from those defined by coccolith assemblages. For instance, the former 

were designated by using the percentage limits of composition species .which 

oft en · result in the discrepancy between ecological water-masses and physical 

oceanographic water-masses (Aksu et al . , in press), whereas the latter were 

d esignated without using any percentage limit. Furthermore, the lack of floral 

counterpart for the polar fauna, N . pachyderma (sinistral) may have caused the 

partial disagreement between the two results, particularly in the temporal 

distribution of polar water-masses . 

• 



Fig. 6. i . Paleoceanographic map of the high-latitude northwest Atlantic during early 

glacial periods, showing atmospheric press~;~re system, storm tracks, surface water 

circulation patterns and sea-ice cover (redrawn from Aksu and Mudie, 1985). 
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6.2.3. ?.fiD-PLEISTOCENE TRANSITION IN MILANKOVITCH 
CYCLES AND ITS POSSIBLE · PALEOCEANOGRAPWC 
SIGNAL IN COCCOLITH RECORD 

· As discussed in CHAPTER l (section 1.2.2), several paleoenvironmental 

markers, particularly oxygen isvtope record of marine microfossils from world 

oceans ind~ated that dominant . climatic _cycles shifted from 41 ,000 years 
.~ . 

periodicity to 100,000 years periodicity near mid-Pleistocene (approximately 

0.&-0.Q Ma). Gartner and his colleagues ·(Gartner tl al. , 1Q83, 1Q8i; Gartner , 

H)88) reported that the m~d-Pleistocene interval (0.93-'1.25 Ma) of se.veral low-
. ' 

latitude oceanic cores is marked by an • acme horizon • of small Gephvrocapsa 

( <3/Jm) and its upper boundary is characterized by an abrupt increase in large 

Gephyrocapsa ( >3/Jm). Gartner et al. (lQ83) postulated that the dominant 

occurrence of small Gephyrocapsa during the mid-Pleistocene might reflect an 

abnormally high productivity int~rva:l caused by vigorous equatorial upwelling 

driven by ice-free Arctic Ocean. According to Gartner (1Q88), paleoceanography 

of the mid-Pleistocene {0.93-1.25 Ma) was considerably different from that of the 

late Pleistocene, possibly in response to· the mid-Pleistocene shift in dominant 

climatic periodicities, i.e. from 41.000 years to 100.000 years. 

Among the variol!.s spec1es or the genus Gephyrocapsa identified in this 

study , G . aperta (<2.5 ~m) belongs to small Gephyrocapsa or Gartner (1Q88) . 

However, this species is observed sparsely through: the studied interval with 

relatively low abundances (never exceeding 30% or the total flora) . Moreover, G . 

aperta is almost absent near the top of Jaramillo magnetic event. Consequently, 

the mid-Pleistocene small Gepbyrocapsa dominance Interval or Gartner (1988) is 

not round to occur in the studied interval of Hole 6478. Instead, an 

overwhelming dominance or Q. dt>ronicoides (mostly 4-5.5 IJm) is observed just 

prior to the top of Jaramillo magnetic event, i.e. below oxygen isotope stage 25 

(Fig. 6.5). The relationship between the small Gephyrocapsa dominance interval 
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in low latitude oceanic cores (Gartner, 1g88) and the C. ooronicotdes dominance 

interval in Hole 647B deserves to be carefully investigated becau'se these two 

do minance •episodes• occur just prior. t<_> the mid-Pleistocene (Q.Q-0.6 Ma) shift 

in dominant climatic cycles, from .41 ,000 years to 100,000 years periodicities 

(Ruddiman, Backman et al., 1987). Howev~r. paleoceanographic information 

whicb can be inferred from C. doronicoides is limited ·primarily because the 

ecology of the species is incomplete today. Nonetheless, the possibility that C . 

doronicoides dominance interval will be a usef•1l .tool for revealing high-latitude 

oceanic condition during the mid-Pleistocene climatic traiJsition cannot be 

eliminated. Further detailed st,udy or other high latitude oceanic cores is 

required to determine 'whether the mid-Pleistocene C. doronicoides dominance 

interval is a local phenomenon or global '"one. 
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CHAPTER 7 

·MULTIVARIATE PALEOECOLOGICAL ANALYSI~ 

- ~ ;f 
To interpret_ the coccolith census data more objectively, cluster and factor 

analyses were performed on the data matriX _ consisting of 17 vari~bles and 242 

cases, 

~.t. CLUSTER ANALYSIS 
.• 

Cluster analysis is one of the most -objective methods to recognize 

relationships between variables or between samples in a large da:ta matrix. The 

same data matrix can· be ~alyzed by both R-m~de wbe_re variables are 

compared and Q-mode whr samples are compared·; Q-mode analysis bas been 

more common! used in aleoecology than R~mode analysis simply because the 

result of can be ~asily cor-related with sedimentary facies; · 

howev~>r, R-mode analysis also · is ,i useful, particularly In observing possible 

interactions between species i.e., · c(roccurrence and mutual exclusion among 

species (Dodd and Stanton, lQ81). In this study both R-mode and Q-mode cluster 

analyses were performed on the same data matrix to recognize species _. 
associations or interadions and to classify the samples into di$crete groups, 

respectively. .The principle of 'cluster analysis and its application to 

sedimentologic and paleoecologic studies are illustrated in numerous publications 

e.g., Purdy (1063), Kaesler (1Q66), Parks (1066), H~rbaugh and Merriam {1Q68), 

Gevirtz et al., ( 1071), Sneath and Sokal (H~73), Park ( 1Q7 4) and Feldbausen and 

Ali (1074, 1Q76). 
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7.1.1. R-MODE 

To me !!Sure the similarity ~between variables, cosine similarity coefficient, 

which has been proven to be successful in sedimentary environmental studies 

(hnbrii'and· Purdy, 1962), was used. AJtlWugh scaling of data (converting the 

raw data irtlo a form ranging fro~ 0 to . 1) has been preferred for R-mode 
. ,... . . 

analysis (Park, 1g74), the raw data matrix (percentage measures) was not scaled 
e 

in this study prima~ily because angular measure of similarity such as cosiqe 

· similarity coefficient tends to be seriously arrected by scaling operation (Sneath 

~nd Sakal, 1973). The raw data matrix, consisting or 17 variables and 242 ~ases, 

produced the cosine similarity coefficient matrix between 17 variables b'y using 

the SPSS-X subprogram •proximities• (SPSS-X User's G~ide, 1988). The raw 
·,; ' 

data matrix and the cosine similarity coerricient matrix between 17 variables are 

listed in AppendiX I and Appendix II, respectively. Subsequently, the similarity 

matrix was analyzed by Average Linkage Between Groups method (pah b): pair. 

comparison between variables) . which lS one of the most commonly used 

clustering methods (Romesburg, 1g84) R-mode dendrogram showing the 
' 

interrelationships between the variables is illustrated in Fig. 7 .1. The highest 

~ distance (25) in the dendrogram indicat.es the strongest dissimilarity between the 

groups, whereas the lowest distance ( .-..-Q) indicates the strongeSt similarity. The 

resulting cluster groups may reOect the environmental interrelati6nships between 
. . 

the variables {Purdy, 1 963). That is, ·the species grouped into . the same cluster 

at ·lower · distances may indicate that they have reacted similarlY. to . 
environmental changes . . The first four cluster groups which clustered at 

relatively lower distances are described as follows: ' 

Cluster group 1: Cluster group 1 consists or C. pelagicus, G. oceanica and E. · 

huxl~yi. The first two species were clustere~ with the highest similarity among 

the 17 variables. ~pparently, R-mode cluster analysis seems to h~ve~fgnored the 

• 
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Fig. 7.1. R-mode dendrogram showi~g the interrelationships between the floral spe~ies · 

through the interval studied. 
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second-order cycle, the internally reciprocal relati"'onship between Q. pelagicus 

and G". oceanica which bas been discussed in tbe previous cbapter,\ecognizing 

o~ly the ~der cycle of each \peci~ and resuitiog in the highest similarit~ · 

between the~~ !pecies. Be:tause ~ the inability to recognize th~ · second-orde.r 

eyrie, R-mode cluster analysis seems to have clustered both the cold water 

species, -C . pelagicus and the warm water species, G. oce,a.nica with ._such a high' 

silllilarity. Tperefore, caution is require\ for the accura_te in~e_rpre_tation . of the 
. . . 

resultant cluster groups. However, -despite such ~imitation of cluster analysis, the 

assef!~blage ·of this cluster group is interpreted .to reflect pos~ible in.tera~tions 
. . . . .. . 

between the cold Labrador Current and the .warm North Atlantic . . Drift or 

coexistence. of the tw~ ~ontrastiQg currents ·at the overlying area. of Site 647 

during the interval studi~d . 
' . 

. . . 
Cluster group 2: Cluster group 2 c~nsists ·or Q. leptoporus, H. . kamptnwi, E,. 

lacunas~, U. mirabjlis and G. caribbeanica. The assemblage of this cluster group 

c hara~terizes a warm water influence although G.'. 'caribbeanica has been 

reported as an eur.r~her-mal species wit~ p-reference for ... cool water (Mcintyre et . 
... ,· .......... . . . 

al., 1970; Geitzenauer et al., 1_977). Despite the predominant occurrence of G. · 

caribbeanica· and ~uch smaller occurrence of !L- mirabilis throu,gh fhe interval 

studied, the two species were clustered together. This is probably · because the 
. .\... . 

similarity measuring · method (cosine e) employed in this study es~entially 

recognizes the similar shapes' or patterns re~ardless of the size displacement 

between the data profiles (Romesburg, 1984). 

Cluster group 3: Cluster group 3 consists of G. aperta. and G. rota. The two 
Co-J 

species are relatively small ( < 2pm) In size. The specimens assigned to the two 

species in this study are ~mparable to small Gephrrocapsa sp.·or Gartner ( H)88) 

in size. Gartner et al . (1983, 1987) referred smaH Gephyroca.psa sp. to a 

productivity signal. Therefor/,lhe component species may have be~n clustered .. . . 
due ·to similar productivity responses. However, the scattered .a.nd limited 
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occurrences or the two sp~ies throughout th~ int..-val studied make it d1rricult 

· to apply the two sp'ecies to interpr~ting the productivity history . 
- - - \ I 

l 

~ . 

Cluster group 4: Cluster· g(oup 4 consists or P ... discopora and §: pulchra. It' Is 

interesting to note th!lt these two species produce caneolitbs· {basket-shaped 

coccoliths) which are sus~eptible to dissolution. The component species may have 

been clustered together due to similar responses . to the floral dissolution. 

However, considering the occurrence or relatively well preserved specimens or 

these. two species {CHAPTER 6), it is also conceivabLe· that eco~ogical o~ 

depositional (actors have contributed to the !ormation or " t~is cluster group-. 
' .· •. ... ~ 

Gartner et al. { l Q87) . inferred a hemipelagic signal based on 'the enhanced 

preservaticn of ·§.. pulchra in Caribbean cores. Because §.. pulchra has been 

consider.ed as ~ warm water indicator (Ruddiman and Mcintyre, lQ76), it is · 

inferred that ! he cpniponent_ s'pecies .may reflect ~ warrn water influe~. 

The other cluster groups which were cluste.red at relatively }Qwer levels or 
. . 

similarities seem less. meaningful. Nevertheless, it is interesting· to-note that G. • 

prot~huxleyi and R. _ cl~vigera ·rormed independent entities, · reOecti~g strong 
' 

. dissimilarities with the other species. The two indepen~ent entities are probably 

due to the extremely isol.ated occ_urrences or both ·species throughout the interv~l 

studied. 

'C> 

7·.1.2. Q-MODE 

$ To· recognize stratigraphic and environmental signals by grouping the 

samples according to the similarity or the floral assemblages, Q-mode cluster 

analysis was performed on the same data matrix. Several authors (Parks, 1966; - . 
Park , 1974; Feldhausen and AJi, 1974) have suggested t~at the· h!.ghly correlated 

1· 

' .· 

-~ 
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YariabiE~s of R-mode cluster a~~lysiS · are to be eliminated to reduce the 

redundancy which often brings about the bia.Sed results of . Q-mode cluster . . 
• analysis. However, this was not the case. All the species composition was 

~ . 
retained in this study to protect any subtle environmental parameter from being 

lost. Distance ~oeffici:nts · between samples, whic{b~~e been preferred for 
I ' 

environmental studies (Park, 1Q74), were calculated -in a Squared Eucl~dean 

-'distance. \\bard's method w.ss used to group the samples based.C>n t.._e distance . ~ . 

coefficients. 

The interrelationships behyeen the resulting main <:luster groups A, B, C 

. and Dare illustrated in. Q-mo~e dendrogram tFig. 7.2). )The cluster. groups A,_ B, 

and G are subdivided i'nto the cluster subgroups Al~ A2, Bl, B2, Cl, and C2. 

Species comp~ition of the _cluster subgroups AI to C2 is plotted- in Fi_g.7.3. The 

percentages of the species are average composition for all samples of each cluster 

subgroup. The relative abundance of the main component species 6( each cluster . 
. . . 

subgroup can be summariied as follows: 

C~usteF---Wbgroup · Al ~1u'ster·-At- is- dominated- by'_ 
. . 

leptoporus, G. caribbeanica and Q. pelagicus constitute 13.15%, 10.17% and 

._. 8.34% o( the total coccolith abundance of cl~ster AI, respectively. The other 

nine species are the minor constituents of cluster AI, each species rarely . . . . 
e~cee~ing 2% except G . aperta (~_ggo/~d H. kamptn,eri (2.60%). · --', 

Cluster subgroup A2 : Cluster A2 is d~minated by ·G. oceanica (34.2Q%) and C . 

p·~lagicus (31.71%). C. leptopons and G . caribbeanica are relativ,ly abundant, 
. . 

constituting 16.61% and 10.23%, respectively .. The oth~r nine species are tb.e 

'' minor co~stituents, e~ch spe'cies constituting ~u~h ~le~ than I% e1'cept H . . 
komptneri (2.36%), !:<· buxleyi rS%) ond G. operto (2.11%). 

Cluster subgroup Bl Cluster Bl is dominated by G. caribbeanica. (40,06%). 

.. 
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Fig. 7.2. 0-mooe dendrogram showing the interrelationships bell'lin the studied samples. 
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·The next abundant sp.ecies are C. leptoporus (18 .. 33%)", f. lacunosa·(l8.22%) and 
. G 

G. oceanica (9.98%). The other · ten species a~e the minor constituents, each 

sp,ecies rarely exceeding 1% except C . doronicoides (4.90%) and H. kamptneri 

(3.86%). 

/ 

Cluster · subgroup 82 : Cluster 82 ~onsfsts predominantly or G. caribbeanica 

(64.32%). The next abundant species are· G. oceanica {18.71%) and C. . ~ . ~ 

leptoporus (7.16%). The other thirteen species are the minor constituents, each 

species rarely exceeding 1% except C. pelagicus (3%), G. aperta {2.39%) and E­
lacunosa (2.16%); 

Cluster subgroup C1 : Cluster C1 is overwhelmingly dominated by · C . 

..J doronicoides (79.39%). The next abundant species are C. leptoporus (12.73%) 

and P. lacunosa (4.1&%). G. caribbeanica and G. oceanica are considerably low 

in a~undance compared to cluster · groups A and B, constituting only 2.12% and 

0.36%, resp~ctively. The other six species\ are much less than 1% in abundance. 
. I - . 

·Cluster subgroup C2 : Cluster C2. is also dominated by C. doronicoides 

(57.42%).The next abundant species·are C. leptoporus (25.43%) and E· lacunosa 

{8.50%). The~bundance ?r G. caribbeanlca an~ G. oceanica is low, constituting , 
only 2.98% and 1.40%, respectively. The other ten specie8 are the ·ffiinor 

constituen.ts, each sl:'cies comprising less than 1% ex~ept H." ka~ptneri (1.71%). 

Cluster group D : Clus$er D consists of all samples barren of coccoliths~ 

In • an /ttempt to re~ogmze significant stratigraphic and environmental 

signals manifes~ed in the floral assemblages, the distribu'tion or the cluster groups 
cS"J 

by depth is correlated with the lithofacies and planktonic foraminiferal oxygen 

isotope stratigraphy (Fig.7.4). 



• 

Fig. ?.4. Stratigraphic distribution of the Q-mode cluster 

groups. 

; 
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~lost samples of the cluster group A are distributed above the oxygen 

isotopic stage 7 where sediments are dominated by facies A and the total 

coccolith abundances are relatively low (Fig. 6 .5 ). In combination with the 

lithofacies and the total floral abundance variation, the assemblages of the 

cluster subgr_oups AI and A2 which contain the high proportion of C. pelagic us 
i . 

suggest thltt \be area near Site 647 was relatively cool during tigraphic 
l 

interval (above · oxygen isotopic stage 7) compared to the older int val. The 

strat.igraphic level marked by the · distribution boundary .. 
group A and the group B approximately coincides with the FAD of~- huxleyi 

. detected in this study (Fig. 5.1 ). Sediments in this level are characterized · by 

laminated detrital c·arbonate beds, interpreted as 'filrbidites. 

All samples of the cluster group B are distributed between the oxygen 

isotopic stage 8 and the stage 25 where biogenic carbonate components are 

relatively dominant in the sediments; the total coccolith abundances are 

relatively high and fluctuate greatly (Fig. 6.5). The boundary between the 

distribution of the cluster subgroup · Bl and that of the subgroup B2 can be 

correlated with the Brunhes/Matuyama magnetic chron boundary (Fig. 5.1), S!· 

0.73 Ma (Srivastava, Artb)Jr, Clement !! al., 1Q87) although the distribution 

boundary between the two subgroups is not as clearly defined as the boundary 

between the cluster groups A and B or between the cluster groups Band C. 

All samples of the· clu~ter group C are distributed below the oxygen 

isotopic stage 25. The boundary between the cluster group B and the group C is 

clearly defined in the oxygen isotopic stage 25. The cluster boundar~is placed 

slightly above the top of . .Jaramillo magnetic event (Fig. 5.1), ~- ~1 Ma 

(Srivastava, Arthur, Clement et al., 1087). The boundary between the cluster 

~oup B and C is c;baracterized by the shift from Q. doronicoides to G. 

caribbeanica. The broundary marked by the shift in dominant species s'eems to 

be correlatable .with that marked by the shift from a dominant small 
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Gephyrorapsa sp. to large G. oceanica at £!. O.Q3 Ma in the northeastern GuU of 

Mexico (Gartner et a~ : , lQ~. The dominance interval of small Gephyrocapsa sp. 

has been attributed to an abnormally higher productivity interval caused by 

vigorous equatorial upwelling during that period, £! 1.25 to Q.3 Ma (Gartner et 

al. , 198~). Although it is uncertain ·whether the dominance interval of C. 

doronic01des in Hole 6478 has a direct relationship with the dominance interval 

of small Gephyrocapsa sp. in the northeastern GuU or Mexico, it is noticeable .., 

that both intervals approximately coincide with the middle Pleistocene tiine 

interval (ca . OJ) to 0.6 Ma) marked by a major shift in climatic response of the 

North Atlantic i.e., from the periodicity of 41,000 years to that of 100,000 years 

(Ruddiman, Backman et al., 1987). Gartner et al. (1983, 1Q87) suggested that 

shift.s in species composition and their relative abundances renect enviro:lmental 

rhang('s. Considering the phylogenetic relationship between C. doronicoides and 

G . c:tribbt'anica (Sachs _and Skinner, 1973), the cluster boundary markell by the · 

shift in .dominant species appears to be the result of an evolutionary _ change from 

C. doronkoides to G. cinibbean·ica, perhaps resulting from the fundamental • • 

causes of the shift from short. to long climatic periodicities (Ruddiman, Backman 

E't ill·· 1987). 

7.2. FACTOR ANALYSIS 
; , 

Factor analysis is an effective tool to recognize simplifying relationships out 

of complex data matrix. In R-mode factor analysis the same variable may be 

assigned to different factors, which is contrasted with R-mode cluster analysis 

where the same variabh is r('stricted to only one cluster group. Therefore, 

p e rformin.g both R-mode cluster analysis and R-mode ractor analysis on the same 

data matrix will not be redundant ~ut be complementary. It bas b~~n report.ed 

that Q-mode cluster analysis and Q-mode factor analysis give similar results 

.. 
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(Parks. 1966). Because Q-mode cluster analysis has provided satisfiable re-sults\ 

Q-mode factor analysis is not performed in this study. Only the result of R­

mode factor analysis is discussed in the following. The theory of factor analysis 

is well described in Rummel {1970), Comrey (1973) and Cattell (1978); its 

application to geological problems bas been proven to be successful e .g ., Imbrie 

(and Purdy (1962), .Klovan (1~66), Harbaugh and Merria~ (1968), Imbrie and 

Kipp (1971) and Davis {1Qi3). 

Although morphologically similar or phylogenetically related spec1es have 

been used as a combined variable (e.g. , Gartner ~ al., 1987), every coccolith 

species identified in this study was ·used as an individual v-ariable without any 

combination or phylogenetically related species primarily because some or the 

phylogenetically related species are known to have different environmental 

signals e.g., G. oceanica and Q. caribbeanica. Therefore, both phylogenetic and 

environmental influences on the (ormation of factors are expected . 

In order to extract underlying factors out of the correlation matrix between 

the variables, principal compo'nent analysis was used. Seven factors wer-e chosen 

by using the eigenvalue-one criterion which set the cutorr point at the miQimum 

eigenvalue of 1.0 (Rummel, 1970). Because the extracted factors in an unrotated 
-

factor matrix are often difficult to interpret ( Comrey, 1973), the factor matrix 

was rotated by using orthogonal varimax rotation. The eigenvalues Cor the 

seven ractors (the sum or the squared factor loadings in each factor) and the 

percentage of variance accounted for by each factor is illustrated in Fig. 7 .5. The 

rotated (actor matrix with the comf'nunality values for each variable (the 

proportion of each variable's total variation) is shown in Table 7.1. The 

graphic'al representation of the extracted fac-tors is also illustrated in Fig. 7 .6 . 

G. muellerae, H. kamptneri, f. japonica and U. mirabilis are considerably 

low in communality values (less than 0.5), mea ning that more than 50 percent of 
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Fig. 7·5· ·• 
Eigenvalues and the percentage of variance for 

the extracted factors. 
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Table 7 . 1. Rotated factor matr i x with c ommunality va l ue f~r each va r iable . 

• ( ' 

VARIABLES FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 fACTOR 5 FACTOR 6 FACTOR 7 COOi\JNALI T'i .. 
1 . 0.15589 0.55125 0 . 50933 -0.01894 0.05947 -0 . 03S84 -0 .00800 0 . 59283 
2 0.83602 0.08061 -0.04966 .... 0.04508 -0 .04622 -0 . 02714 -0.05560 0. 71 589 
3 -0.39133 0.78751 0 . 01552 0 . 04414 - 0 .09504 O.OM66 -0 .04702 0.78691 
4 0 .69174 0.13954 0 . 04338 0.06409 - 0.06162 0 . 1 13 -0.13604 0.53907 
5 0 . 15506 -0.11883 -0.06063 0.12901 0.78695 - 0.21987 0.14364 0.74675 
6 -0 . 26579 -0 . 80883 0 . 02611 .-0 . 01481 0 . 08185 0.06490 -0.00616 0.73670 
7 0.02197 · -0.12763 0.09838 0.05989 0.09282 0 . 61721 -0 .03728 0.'420l9 
8 0 .68170 -0 . 30620 -0 .~ -0 . 01135 0 . 17285 - 0.09237 0 . 27255 0.672 1 
9 -0 .06039 -0.01588 -0 . -0.01029 0.00629 0.07833 . 0 . 92773 0.87089 

10 -0.14811 . - 0.01599 0.06381 -0 . 06498 0.80962 0 . 24234 -0 . 11390 0.75767 
11 0 . 16815 -0 .08313 0 . 56337 . 0 . 25726 0 .06144 -0.04377 0 . 21142 0.46914 
12 -0 . 15250 0 .06961 0.05714 0.82265 -0.04491 0 . 11733 -0 . 07230 0.72912 
13 -0. 16413 0.10188 0 . 57828 -0.16131 -0.0055111 0.00158 -0.03957 0 . 39935 .... 
14 -0 . 39339 0 .05788 0.64922 g :~~ -0.12681 - 0.01138 -0.03451 0 . 59899 0 

~ l 15 -0 .00976 -0 .08184 0 . 09467 0 .07805 -0 . 72183 -0 . 10757 0 . 55604 ..... 
16 0 . 11873 -0.01853 0.09222 0 . 81714 0.08670 ! 0.08901 0.06204 0.70995 
17 0.20040 - 0.04991 . 0.58914 0 . 26001 0.04532 0.09107 -0 . 09346 0.47642 

• 
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the var\ation pertaining to each species mentioned is not represented in the 
' 

loading values of the extracted factors .. Q. leptoporus, ·E. huxleyi, f. lacunosa 

and ,R. clavigera are also low in c.ommunality values ranging from 0.53 to 0.5Q. 

The other variables have relatively high communality v·alues ranging up to 0.87. 

The extracted seven factors account for •63.4% of the total variance within 

the variables through the interval under study. For the purpose or interpreting 

the extracted factors, only the variables wjth a factor loading above 0.3 . in"""­

positive relationships and below -0.3 in negative relationships are selected, to 

define each factor because 0.3 is commonly used as a cutoff level for orthogonal 

factor loadings (Comrey, 1Q73). 

; . Fac~or 1 1\Ccounts for 1_4.4% or the variance, and is defined b(lositive 

loadings of Q. pelagicus, ~· huxleyi and G. oc'eanica and by negative loadings of 

C. (foronicoides and P. lacunosa. The internally reciprocal relationship between 

C. p<>l:lqicus and G . oceanica was not recognized in R-mode_ factor analysis 

either. Presumably, the inter~al relationship between the two species was 

·masked by a strong first order cycle i.e., abundant occurrences of both species in 

I t.he tipper part of the stratigraphic interval un<ler study. Although the positive 

loadings of the first three species can be assignel to a stratigraphic component, 

the possible existeDCf of envir6nmenta) signa) cannot be eliminated because C~ 

pelagicus and ~· huxleyi (cold _variety) can be considered 8s the most probable 

signal for the cold Labrador Current; G. oceanica as a signal for the warm G~U 

Stream-North Atlantic Drift. It is noticeable that the positive rel&tionship 

bet.~een the first three species corresponds to cluster group l of R-mode cluster 

analysis. The negative loadings of C. doronicoides and P. lacunosa are assi~ned 

t.o a stratigraphic component because the two species occur abundantly in the 

lower part or the stratigraphic section. Therefore, this factor is interpreted to 
\. .... 

reflect a stratigraphic signal, but with a possible environmental signal. 
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' • Factor 2 _accounts. for 12.2% of the variance and it is loaded positively by 

C. leptoporus and C, doronicoides and negatively by G. caribbeanica and G. 

ocE-anica: There is a strong ~tratigraphic signal because C . doronicoides is 

abundant m 'the lower part of. the section, whereas G. caribb(>anica and G. 

OC(>anic!-jre abundant in the upper part or the section. Considering that' G. 

caribbeanica and G. oceanica are int~rnally reciprocal in abunda~, the 
- i 

negative loading by the two species is another exa1}lple for that the internal 
. I, _/. 

relationship between ihe two species was masked by a strong first order cycle. It 

is noticeable that all the component speci~ of this factor are solution-resistant 

forms. Therefore, this factor may be in_terpreted to reflect a dissolution signal 

superimposed on a stratigraphic sign;1l. 

Factor 3 ~ccounts f9r 10.6% bf the variance. The factor is positively 

loaded by C . leptoporus, !!· kamptneri, f . japonica-, E· la~unosa and U. 

mirnbilis. The positive loading by P. lacunosa indicates that this factor has a .. ,_ 

stratigraphic cotnponent because the species occurs o~ly in the lower part of the 
• . I I 

section. The ~ther component species of this factor· represent a warm water 

signal, probably' the influence of subtropical water·mass (Mcintyre and Be, 

Hl67). ,. 
~ 

' 
Factor 4 accounts for 7.3% of the variance. The factor is positively lo:lded 

by P. djscopora and' §.. pukhra. Because the two species are relatively well 

preserved in this study despite their susceptibility to dissolution (Mcintyre and 

Mcintyre, 1971), the . loading by these species may be ' interpreted as a , . 
hemipelagic signal (Gartner ~i' al., HJ87). It is interesting to note that this factor 

group corresponds to cluster group 4 orR-mode cluster analysi~. 

Factor 5 accounts for 6.7% of the variance. The factor is positively loaded 

by G . aperta and' G. rota. ,2'he strong positive loading by the two small size 

,. 
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coccolith species may be interpreted as a productivity signal (Gartner et al., 

Hl83, Hl87; Gartner, -!988). This factor group also corresponds to\ cluster group 
--~--

3 of R;.mode cluster analysis. 

# 

Factor 6 accouri'ts for 6.2% of the ~ariance. The factor is loaded posit~vely 
by G. muellerae and negatively by R. clavigera. The inverse relationship 

bet\\·een thetwo species is probably due to the difference in stratigraphic rj.rige 

between the .two species resulting from the scattered occurrence of G. muellerae 

in the lower part and the scatt~red occurrence of R. clavigera in the upper part 

or tht> st>rtion:. 

Factor 7 accounts for 6.0% or the variance . . The factor is loaded only by 

G. protvhuxleyi. This factor is attributed to a stratigraphic component because 

. the species occurs only in the middle or the section in a small percentage. 

However, the strong loading by only a single variable may be the result of •tllil 

Pfr('ct• ,\·hi<-h oft('n occurs in case where more than optimum number or factors . . 

are f('fained (Gartri'e.J .et al., 1987). 

• 

I 

· c.. 
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.. 
CHAPTER 8 

SUMMARY AND -CONCLUSIONS 

The taxonomy and ~iostratigraphy of"coccoliths from ODP Site 64i Hoi~ B 

were carried out. Pleistocene paleoclimatic and paleOceanographic history of th~ 

Labrador Sea was reconstructed . 

8.1. TAXONOMY AND BIOSTRATIGRAPHY 

A total of li species was identified and classified systematically. Based on 

the occurrences of the FAD or~- huxleyi 'and the L~ of E- lacunosa ·at ll.lm 

(6-17B-2H-3, 19-25cm) and 2l.8m (647B-3H-3, 120.125clfl), respectively, the 

studied interval was assigned to the upper three zones or Martini's ( 1 971) 

S tandard Zon~tion i.e., 0 to ll.lm = ~- huxleyi Zone (NN 21); 11.1 to 2l.~m = 
\ G. OCf'anica Zone (NN 20); and 21.8 to 56m = the upper part or r. lacunosa 

Zone (NN H~). 

8.2. PALEOECOLOGY 

The preservation state or the observed coccoliths was relatively good 
()> 

c throughout the studied interval; h?wever, a few placoliths, .... cyrtoliths and 

caneoliths show evidence of partial dissolution. This probably indicates that the 
\ 

sea-floor fiatbymetry or Site 647 has been located within the oligolytic zone 

... above the ceo during the studied int~rval. Although the observed coccolith 

assemblages tend to be dominated by solution resistant forms, the good 

preservation state of fragile species (e.g., Pontosphaera sp.) sugg('sts that 
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dissolution was not too strong to obliterate the environmental signals of the 

rioral assemblages. ' 
Comparison of tlie floral and the oxygen isotopic data showed that m 

g•·nNal, glacial stages are characterized by low floral and faunal abundances 

suggesting minimum productivity ~D the southern Labrador Sea whereas 

interglacial stages are characterized by high floral and faunal abundances 

suggesting maximum productivity in that area. However, relatively high floral 

and faunal abundances have been obse·rved during t~e early phases of g~acial 

stages 6, 8 , 12, 20, 22 and 24. The observed high abundances may indicate that 

' primary biological productivity remained high in the sou,hern J;.brador Sea 
' ""' , during the early 'phases of the glacial stages perhaps due to nort~ard advection 

of warm North Atlantic water. The barren of coccoliths an~rupt decrease _in~ 
planktonic foraminifera in th, glacial to interglacial transitional intervals (e.g., 

stag('s 20/19, 18/17 and 12/11) suggest that biogenic carbonate productivity 

n\i· have been suppressed by the input of low-s1\linity and low-nutrient melt v . . 

waters du.ring deglaciation . However, the iithofacies-laminated detrital c~rbonate 

(facies C) in the transitional interval 12/11; terrigenous silty clays {facies A) in 

the other transitional intervals - indic~ that. the coc.coli"ib barren zones may 

have been caused by dilution by terrigenous sediments. 

' Downcore varjatio~n relative abundances of the observed coccoliths we;e 

used as a primary source for the reconstruction of the Ple~tocene paleoclimatic 

and paleoceanographic history of the Labrador Sea. . The preliminary 

investigation·of the downcore data has led to the following conclusions: 

i) The internally reciprocal relationship between ·the cold water species, C. 

pdagicus and the warm water species, G. oceanica during the oxygen isotopic 
.{ 

stages 1 to 7 is interpreted to refiect possible interactions between the cold 
" 

Labr~dor Current and the warm North Atlantic Drift. The dominant occurrence 
I 

' 
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of ~- huxleyi and C .. pelagicus and the minor occurrence of G . oceanica in t he 

uppNmost part of oxygen isotopic stage I is also interpreted to reflect an 

increas ing role of the Labrador Current in the surface circulation patterns of thP 

Labrador Sea. 

ii) The reciprocal relationship between G. oceanrca and G. caribheanica is 

considered to have been controlled by either interactions between warm and cool 

water-masse.-or ·phylogenetic lineage between the two species or by both. 

iii) The mutual exclusion or reciprocal relationship between G . carihbeanica and 

C. doronicoides is considered to have been controlled by phylogenetic lineage 

between the two species. 

iv) ~o apparent preferebce for glacial or interglacial stages is observed among 

the idmtified coccolith species. 

The reconstructed surface water-mass history of the so'uthern Labrador 

Sea. primarily based on coccolith assemblages can be summarized as follows: 

("~ 
c . i) The stratigraphic interval from 0 to£!· 0.472 Ma (oxygen isotopic stages 1 to 

12/ 13) is dominated by subpolar and transitional water-masses, whereas the 

other · interval from .£!· 0.472 to .£!· 1.076 Ma {stages 12/13 to 35/36) is 

domin:tted by transitional water-masses. 

ii) The presE'nce of polar water-mass during the late phase or glacial stag(' 2 is 

intE'rpreted to reflect an increased influence or the _ cold Labrador Current and 

southward .migration of polar front. 

iii) The early phases of several glacial stages, particularly 2, 4, 6, 8, 10, 12, 14, 

20, 24 are characterized by the prE-sence or transitional or subpolar water-masses 

which probably 'ndicates northward advection of warm North Atlantic water. 

) 
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iv) In genE>ral, the water-mass history of the southern Labrador Sea based on 

coccolith assemblages bears warmer sign_als than that based on planktonic 

foraminifE>ra (d. ,\ksu et al., in press). 

. . 
The ·ov.erwhelming dominance of C. doronicoides below · oxygen isotope · 

0' 

stage 25 in Hole 6478, which shows a good correlation with the mid-Pleis1tocene 

small Gephyrocapsa dominance interval in low -latitude oceanic cores .(Gartner, 

1g88), might be an important paleoceanographic marker in relation to the mid­

Pieistoc<'ne shift i.n climatic periodicities from 41,000 years to 100,000 years. 

8.3. MULTIVARIATE PALEOECOLOGICAL ANALYSIS 

'\. 

Because the species associations _or groupings rec?gnized by R-mode cluster 

and factor analysis were interpreted primarily based on the presently available 

ecological _characteristics "of the component species, all the interpretations 

a~tempted in this study should be considered as tentative ones. The noticeable 

·results from R-mode analysis can be summarized as follows: 

i) The gro~~mg of C . pelagicus, ~· huxleyi and G. oceanica is interpreted to 

rrfkct possible int~ractions between the cold Labrldor Current and the warm 

North Atlantic Drift or coexistence or the two contrasting currents at the 

southern Labrador flea during the studied interval. 

ii) G. aperta and G. rota may have been group~d together due td the -similar 

'productjvity response or the two species. 

iii) The grouping of P . discopora and §. pulchra. is considered to . reflect threE: 

different signals i.e., dissolution, ht:mipelagic influence and wartn water 

influence. · 

' 
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, Q-rnode cluster analysis classified the studied interval in to · three major 

groups based \bo the similarity of the floral assemblages. Cluster group A is 

distributed above the oxygen isotopic stage 7. The·· floral assemblage of cluster -' g~oup · A characterizes a relatively cool paleoceanographic trend during the 

interval. ~luster group B is distributed between the oxygen isotopic stage 8 and 

the stage 25. Cl11ster group (' is distributed below the oxygen isotopic stage 25. 

The boundary between cluster group B and cluster group C is placeJ slightly 

above the top of Jat:lmillo magnetic event, £!· O.Ql Ma (Srivastava, Arthur, 

Clement et a!., 1987). Although the boundary is considered to have been 

controlled ptimarily by the possible phylogenetic change from C. doronicoides to . 

G. caribbeariica, it is inferred that . Ute evolutionary event may have been 

triggered by ~ny significant paleoceanographic change, perhaps resulting from 
~ . 

the causes of the shift in the clim!lti.c response of the North Atlantic Ocean (i.e., 

from 41,000 years to 100,000 years in dominant periodicity) during the mid­

Pleistocene· .£!· 0.9 tc 0.6 Ma (Ru~dirnan, Backman et al., lQ87). 

· 8.4. RECOMMENDATIONS FOR FURTHER RESEARCH 

,. 
·Spectral analysis of coccolith abundances will help to explore the possible 

links between the Milankovitch orbital cycles and the causes of t~e floral 

' abundance variations. The results from the analysis will be particularly helpful 

for time-series paleoceanographic interpretation of the study area. In addition, 

the results will . contribute to regional paleoceanographic study of the high 

.latitude North Atlantic Ocean. 
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APPENDIX I 

COCCOLITH CENSUS DATA 

• i'>ole: The first six samples are from Hudson 84-030-00JG. Oxyg~ data 
are from Aksu et al. (in press). 



.J.: 

Jf 
·,· 

DEPni TOTAL LEPTO PELAC DORON HUXLE APERT CARIB HUEtt OCEAN PROTO 
Cern) no . X X X % % % X % % 
0000 564 18.11 48 .82 0 .00 24.80 0 .00 1 . 57 0 .00 3.15 0 .00 
0020 267 26.60 50.74 0.00 5 . 42 0 . 00 2 .46 0 .00 11 . 82 0 . 00 
0040 38 4 .76 28.57 0.00 2 . 38 0.00 14.29 0.00 38~10 0.00 
0060 0 0.00 0 .00 0.00 0 .00 0 .00 0.00 0.00 0 .00 0 .00 
0072 0 0 .00 0 .00 0 .00 0 .00 0.00 0 .00 . 0 .00 0 . 00 0.00 
0110 82 22.34 37 . 23 0.00 3.19 0.00 0.00 0 .00 35 . 11 0.00 
0129 175 36 .00 26.85 0.00 1.71 3 . 42 4.00 0 .00 23.42 0.00 
0148 213 23.26 31 . 18 0 .00 9.40 0.99 3 . 96 0 .00 27 . 22 0 .00 
0170 64 15.53 28 . 15 0 .00 5.82 0 . 97 7.28 .0 .00 41.26 0 .00 
0190 144 13.88 19 . 44 0 .00 2 . 77 0 . 69 13 .88 0 .00 48.61 0 .00 
0210 ~28 12.93 32.83 0 .00 2 . 98 3 . 48 12 .43 0.00 34.82 0 .00 
0230 296 5 . 71 3.33 0 . 00 0 . 47 4 . 76 24.76 0.00 60.95 0 .00 
0250 214 14.42 3 . 48 0 .00 1 .49 3.98 18.40 0.00 57 . 21 0.00 
0280 371 8.65 15 . 38 0.00 3.84. 4.32 11 . 53 0 .00 54 . 32 0 .00 
0300 176 15 . 90 7 . 38 0 .00 7 . 95 0.56 10.79 0 .00 56 . 81 0 .00 
0320 273 9 . 26 19.02 0.00 2 . 92 0 . 97 9.26 0.00 53.17 0 .00 
0340 272 11.76 33 .82 0 .00 0 .00 2.45 11 . 76 0.00 49.01 0 .00 
0360 588 14.00 13 .00 0 .00 2 .00 2 .00 10.00 0 .00 51.00 0 .00 
0380 396 17.32 25 . 74 0 .00 4.95 0 . 99 4 .. 45 0.00 39.60 0 .00 
0400 556 6 .00 30.00 0 . 00 5 .00 0 .00 12 .00 0 .00 43 .00 0 .00 
0430 11 9 .09 13 . 63 0.00 0 . 00 0.00 0 .00 0 .00 68.18 0 .00 
045u 46 16 . 24 . 51.28 0 .00 2.56 0.00 0 .00 0 .00 27 . 35 0 .00 
0470 379 7.96 36 . 31 0 .00 1.49 12 . 43 7 .46 0 .00 30.34 0 .00 
0490 209 8.86 25.61 0.00 1 . 97 3 . 94 5 . 91 0 .00 51 . 72 0 .00 
0510 134 15 . 52 32.42 0 .00 0 . 91 0 . 91 0.91 0 . 00 47 . 48 0 .00 
0530 148 11.96 23 . 44 0 .00 3 . 34 2 . 87 0 .00 0.47 52 . 63 0 .00 
0550 102 22 . 43 24 . 87 0 .00 2 . 92 0 . 48 2.92 0 .00 42.43 0.00 
0580 166 26.92 10 .09 0 . 48 2.40 2 . 88 2.40 0 . 00 53 . 36 0 .00 
0600 207 9.45 18.46 0 .00 4 .05 0.90 1 .80 0.00 63.06 0 .00 
0620 344 10 .59 4 . 60 0 .00 0.92 4.14 3.22 0.00 73 . 73 0 .00. 
0640 300 14 . 28 0 .00 0.00 0 .86 8 . 65 6 . 49 0 .00 63.63 0 .00 
0660 245 10.90 4 . 26 0 .00 2 . 36 16 . 58 3.79 0 .00 57.34 0.00 
0680 286 21.36 o.oo 0.00 2.27 7 . 27 ~ . 09 0.00 61.36 0 .00 
0700 297 17 .07 0 . 97 0.00 0 . 97 12.68 4 . 39 0 .00 61 . 46 ~ . 00 
0730 73 20.51 41 . 66 0.00 0 . 64 4.48 2 . 56 0.00 26.92 0 .00 
0751 17 13 . 79 10 . 34 0 .00 0 .00 6 . 89 0.00 0 .00 62.06 0 .00 
0773 43 l9 . 59 46.93 0 .00 0 .00 0 .00 0 .00 0.00 22.44 0 .00 
0810 .37 18.84 28 . 98 0 .00 0 .00 0 .00 0 .·00 0.00 52 . 17 0 .00 
0830 17 23.18 32 . 36 0 . 00 0 . 00 0.48 , 3.38 0.00 38 .64 0 .00 
0850 161 27.96 33 . 17 0.00 0.47 0 .00 3 . 79 0.00 33 . 64 0.00 
0870 236 3 .41 17 . 56 0 .00 0.00 23.90 1 . 95 0 .00 45 . 36 0 .48 
0890 l'L2,8 .. 00 1.2 .. 00 0 .00 0 .00 4 .00 8 .00 0.00 48 .00 0 .00 
0910 ~2 24.29 19 . 15 0 .00 0 . 00 0 . 93 5 .60 0 . 00 43.45 0 .00 
0930 142 11.21 6 .07 0 .00 0 . 46 1.86 7.47 0 . 00 71 . 02 0.00 
0959 10 11.21 50 . 37 o .oo o . oo 1 : so 2 . 25 o.oo 34 .58 o .oo 
0980 125 18 .Q6 27 . 75 0 . 00 0 .00 0 .00 17 .62 0.00 35 . 24 0 .00 
1000 166 16 .74 29 . 18 0.00 0 .00 0 . 47 22 .00 0 . 00 29 . 66 0 .00 

ROTA KAMPT DISCO·JAPON ~CUN CLAVI PUt CH MIRAB OXYGEN 
x x x x ~ . x x x · x 

0 .00 1 . 97 0.00 0.00 o .oo 0.00 0.79 0 . 79 2.09 
0 . 00 2.96 0 .00 0 .00 6 .00 0.00 0.00 0.00 2 . 67 
0 .00 11 . 90 0.00 0 .00 0 .00 0.00 0 .00 0 .00 3.20 
o .oo o .oo o . oo o .oo o .oo o.oo ·o .oo o.oo 4.19 
0 . 00 0 . 00 0 .00 0 .00 O.QO 0.00 0 .00 0 .00 3.84 
0 . 00 2 . 13 0.00 0 .00 0 .00 0.00 0.00 0.00 3 . 86 
0 .00 0 . 57 0 . 00 0.00 0 .00 0.00 0 .00 4.00 3.45 
0 .00 3 . 46 0.00- 0.00 0 .00 0.00 0 .00 0 . 49 3 . 75 
0 .00 0 . 48 0 .00 0.00 0 .00 0.00 •0 .00 0.48 3.71 
0 .00 0 .00 0 .00 0.00 0 .00 0.00 0 .00 .0.69 3 . 62 
0.00 0 . 49 0 .00 0 . 00 0 .00 0 .00 0 .00 0 . 00 3 . 50 
0 .00 0 .00 0 .00 0.00 0.00 0.00 0 .00 0.00 3.73 
0.00 0.49 0.00 0.00 0 .00 0 .00 c .oo 0.49 3.85 
0 .00 1 . 44 0.00 0.00 0.00 0 .00 0 .00 0.48 3.11 
0 .00 0 . 56 0.00 0.00 0 .00 0 .00 0 .00 2 . 21 3 .05 
0 .00 2 . 92 0 .00 0.00 0 .00 0.00 0 .00 2.43 3 . 26 
0.00 1 . 96 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 3.54 
0 .00 4 .00 0.00 0.00 o.oo . 0 .00 0.00 4 . 00 3 . 16 
0 .00 3 . 96 0 .00 0.00 0 .00 0.00 0 .00 2.97 3 . 19 
0.00 3.50 0 .00 0 .00 0 .00 0 .00 0 .00 0 . 50 3.77 
o .oo 9 .09 o.oo o .oo o .oo o .oo o.oo ·o .oo 4.12 
0 . 00 1. 71 0 .00 0 .00 o .oc 0.00 0 .00 0 . 85 3 . 89 
0.00 1.99 0 .00 0 .00 0 .00 0 . 49 0.00 1.49 3 . 07 
0.00 0 . 49 0 .00 0 .00 0 .00 0 .00 0 .49 0 . 98 2 . 80 
0 .00 1 . 36 0 .00 0 .00 0 .00 0.00 0 .00 0 . 45 3 .20 
0 .00 2 .87 0 .00 Q.OO 0 .00 0 .00 0 .47 1 . 91 2.95 
0 .00 2 . 43 0 .00 0.00 0 .00 0.00 0 .48 0 . 97 2 .55 
0 .00 0 . 48 0 .00 0.00 0 .00 0 .00 0 .00 0.96 2 . 94 
o .oo 1 . eo · o .oo 0 . 45 o.oo o .oo o.oo o .oo 2 . 44 
0 . 00 2 . 30 0 . 00 0 .. 00 . 0 . 00 0 . 00 0 . 00 0. 46 ~ . 65 
0 .00 5 . 19 0 .00 0.43 0.00 0 .00 0 .00 0. 00 2 . 79 
0.00 4 . 73 0.00 0.00 0 .00 0.00 0 .00 0 .00 2 . 15 
o .oo 1.36 o .oo o.9o o .oo o .oo 0.45 ·o.90 · 1 . 52 
0 .00 2 . 43 0.00 0 .00 0.00 0 .00 0 .00 0 . 00 2 . 91 
0 .00 3 . 20 0.00 0 .00 0 .00 0 .00 0.00 0 . 00 ~ . 18 
0 . 00 6.89 0 .00 0.00 0.00 0 . 00 0 .00 0 .00 .4.14 
0 .00 1 .02 0 . 00 0.00 0 .00 0.00 0 .00 0 .00 4 . 50 
o.oo · o.oo o.oo o.oo o.oo 40 .00 o.oo o.oo 4.27 
0.00 1 . 93 0.00 0.00 0.00 0.00 0 .00 0.00 4 . 14 
~ . 00 2 . 84 0 .00 0 .00 0 .00 0 .00· 0 .47 0.47 4 . 25 
0.00 2.92 0 .00 0.00 0 .00 0 .00 1 . 95 2 . 43 2 . 56 
0 .00 0 .00 0 .00 0.00 0 .00 0.00 0 .00 0 . 00 3.11 
0 .00 5 . 70 0.00 O.OQ 0 .00 0 . 46 0.46 0 .00 3 . 14 
0 .00 1.86 0.00 0 . 00 0 .00 0 .00 0 .00 0.00 3 . 41 
0 .00 0 . 00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 2 .50 . 
0.00 0 .44 0 .00 0.44 0 .00 -0 .00 0 . 44 0.00 4 . 15 
0 .00 0 . 95 0.00 0.47 0 .00 0.00 0 .00 0 . 47 4.19 

..... 
1\) 
a> 



) 

·-... 

,. 
1020 59 20.51 32 . 47 0 . 00 0.00 0 . 85 17 . 9\ 0 . 00 25.64 0.00 0.00 2.56 0 .00 0 .00 0. 00 0 . 00 0 .00 0 .00 2.34 1050 196 8 . 55 21 .62 0.00 0 . 45 1 .80 27. 92 0 .00 39 . 18 0 . 00 0 .00 0.00 0 .00 0 .00 0 .00 ~. 00 0 .00 0 ~00 2.44 1070 52 15 . 73 28.08 0.00 0.00 0.00 21 . 34 0 .00 33 . 70 0.00 0 . 00 1.12 0 .00 0.00 0 .00 0 .00 0 .00 0 .00 3.U 1090 47 18 . 66 25 . 33 0 .00 0 . 00 1. 33 16 .00 0 .00 38.66 0 . 00 ~00 0 . 00 0 .00 o.oo 0 . 00 0.00 0 .00 0.00 2 .84 
1110 97 9.34 14 . 95 0 . 00 0.46 4 . 20 24 . 76 0 .00 40 . 65 0 . 00 .00 - 5 . 14 0 .00 0 .00 0.00 0 .00 0 .00 0 . 46 2 . 53 
1130 315 12 . 98 19 . 71 0.00 0 . 00 0 . 48 21.63 0.00 36 . 53 0.00 0.00 8 . 17 0 .00 0 .00 0 . 00 0 .00 0 .00 0 .48 . 3 . 49 
1150 214 14 . 81 19.90 0.00 0.00 0.46 25.00 0 .00 35 . 18 0.00 0.00 4 . 62 0 .00 0.00 0 .00 0 .00 0 .00 0.00 4 .06 
1170 668 4 . 33 3.14 0.00 0 .00 1.57 48 . 42 0 .00 41.33 0.00 0 .00 0.78 0.00 0.00 0.00 0.00 0 .00 0.39 4 . 23 
1190 575 3.91 6.52 0.00 0.00 3 . 47 59 . 13 0.00 26.52 0.00 0 . 00 0.43 0.00 0.00 0.00 0.00 0.00 0.00 3 . 28 1209 571 8 . 75 3~33 0.00 0 .00 2.91 51.66 0 .00 32.91 0 . 00 0 . 00 0 .00 o.oo..- 0.00 0.00 0 .00 0 . 41 0 .00 3 . 58 
1230 448 4 . 13 8 .,26 0.00 0 .00 2 .89 44 . 62 0.00 39 . 66 0 .~ 0.00 0 .00 0.00 0.00 0.00 0. ()()'· 0.41 0.00 4.04 
1260 843 7 . 79 6 . 10 0 .00 0 .00 0 . 33 56 . 61 0 .00 28 . 47 0. 0 . 00 0 . 67 0 .00 0 .00 0 .00 0 .00 0.00 0 .00 3 . 73 
1280 1480 3 . 24 3 . 24 0 . 00 0 .00 4 .05 64 . 59 0 .00 24.32 0 .00 0 . 00 0 . 54 0.00 0.00 0 .00 0 .00 0 .00 0.00 4 .08 
1300 560 3 . 57 3.21 0.00 0 .00 6 . 42 48.21 0.00 37.85 0.00 0.00 0 . 35 0.00 0 .00 0.00 0.00 0 .00 0 . 35 3 . 96 
13-20 625 4 .40 :1 .60 0 .00 o ,oo l. 20 72.00 0 .00 13 . 20 0 . 00 o.oo- 1. 20 0.00 0.00 0.00 0 .00 0 .40 0.00 3 .80 
1340 641 4.94 4 . 18 0.00 0.00 0 . 38 71.10 0.76 16.73 0 . 38 0 .00 1.14 0.00 0 .00 0.00 0 .00 0 . 38 0 .00 4 . 15 

. 1359 1194 6.89 3 .44 0.00 0 . 00 0 .00 65 .00 0 .00 22.16 0 . 49 v .oo 0 . 49 0.00 0 .00 0 .00 0 .00 0 .00 1.47 3.96 
1380 812 5 . 22 6 . 34 0 .00 0.00 2 . 98 69.02 . o.oo 14.92 0 . 37 0 .00 0.74 0.00 0 .00 0 .00 0.00 0.37 0 .00 4 . 22 
1411 896 4.78 5.17 0 . 39 0.00 0.00 76 .89 0 .00 12 . 74 0.00 0.00 0.00 0.00 0 .00 0 .00 0.00 0 .00 0.00 2 .79 
1430 793 5.14 7 . 47 0.00 o.oo ' 1.40 74 . 29 0.00 11.21 0 .00 0 .00 0.46 0 .00 0 .00 0.00 0.00 0.00 0 .00 2.74 
1450 1189 3.'09 1. 76 0 .00 0.00 l. 32 76 . 10 0.00 15 . 92 0 . 00 0 .00 0.88 0 .00 0 .00 0 .00 0.00 0.00 0.44 2 . 94 rr 146'l 854 4 . 87 ""7 .80 0.00 0.00 2.92 76 . 09 0.00 7.31 0 . 00 0 .00 0 . 48 0.00 0 .00 0.00 0 .00 <>.00 0 .48 2 .62 
1490 1~ 5 . 23 5.23 0 . 00 0.00 0.47 75.71 0 . 47 12.38 0 . 00 0.00 0 .00 0.00 0.00 0.00 0.00 0 .00 0 . 4"1 3.30 ..... 
1510 1161 4 .78 6.69 0.00 0 . 00 0.47 69 . 85 0.00 17 . 70 0 . 47 0 .00 0.00 0 .00 0 .00 0 .00 0.00 0.00 0.00 3. 10 

f\) 
....... 

1530 928 • . 46 1. 72 0.00 0 . 00 L 72 63.79 0.00 15.51 0 . 00 0.00 0 .00 0.00 0 .00 0 .00 0.00 0 .00 0 .00 2 . 20 
1560 1300 17 .00 0.00 0 . 00 0.00 0.00 65.18 0.00 16.59 0.00 0 .00 0.40 0.00 0.00 0 .00 0.00 0.00 0 . 80 1.64 
1580 ·. 1157 20 . 98 2.46 0.00 0.00 2.88 50 . 20 0.00 20.16 0 .00 0 .00 2.05 0.41 0 .00 0 .00 0 .00 0 .00 0.82 2 .76 
1600 1720 10 .85 1.93 0 .00 0.00 5 . 81 50 . 38 0 .00 31.00 0.00 0 .00 0 .00 0 .00 0 .00 0.00 0 .00 0.00 0 .00 3 .00. 
1620 1459 12 . 90 2 .41 0.00 0.00 2 . 82 54.03 .0 .00 23.79 2 .01 0.00 0 . 40 0.00 0 .00 0 .00 0 .00 0.00 0 .00 3 .00 
1640 1222 14.54 2 . 27 0.00 0 . 00 2 . 72 51.36 0.00 28 . 18 0 . 45 0 .00 0.00 0.00 0 .00 0.00 0 .00 0.00 0.45 2.51 ........ 
1660 995 8 . 13 1.43 0 . 00 0.00 2 . 39 6& . 50 0 .00 18 .6& 0 . 47 0 .00 1.91 0.00 0 .00 0 .00 0.00 <> .00 0 .47 3 .05 
1680 127Q 4 . 33 5 . 51 0 .00 0.00 1.57 52.75 0.00 35 . 82 0 . 00 0.00 0 .00 0.00 0.00 0.00 0 .00 0 .00 0 .00 4 . 10 
1710 1957 4.01 1.09 0.00 0.00 1.09 69.34 0 . 00 23.72 0 .00 0 .00 0 . 72 0.00 0 .00 0 .00 0 .00 0.00 0 .00 3 .85 
1730 852 4.22 9 : 38 0.00 0 . 00 1.87 57.27 0 .00 27 . 23 0 .00 0 .00 0 .00 0 .00 0.00 0 .00 0 . 00 0 .00 0.00 4 . 15 
1750 1581 1.18 7 . 50 0.00 0.00 0.00 ra-07 0 .00 29.64 0.00 0 .00. 1 . 18 0.00 0 .00 0 . 00 0 . 00 0.00 0.39 3.73 
17'79 10~4 5.58 4 . 65 0 .00 0.00 1.39 8 . 13 0.00 28.8~ 0.00 0.00 0 . 93 0 .00 0 .00 0 .00 0 .00 0 .00 0.46 3.84 
1840 819 5 . 63 3'. 28 0 . 00 0.00 1.87 67 . 60 0 .00 20.65 0 .00 0.00 0 . 46- 0.00 0 .00 0.00 0 .00 0.46 0.00 3 . 33 
1860 i388 0 . 90 4.05 0 .00 0 . 00 0.90 67 . 11 0.00 26.12 0.00 0 .00 0.90 0 . 00 0 .00 0.00 0 . 00 0 .00 0 .00 3.82 
1880 1238 8 .84 5 . 76 0 . 00 0.00 0 . 38 57 . 30 0 .00 27 . 30 0 . 00 0 .00 0 .00 0.00 0 .00 0 . 00 0 . 00 0 .00 0.38 3 .01 
1900 1007 6 . 19 3 . 33 0.00 0.00 3.33 67.14 0.00 20.00 0.00 0 .00 0 .00 0.00 0 .00 0.00 . 0.00 0.00 0 .00 3.62 
1929 775 .6 . 45 4 . 14 0 . 00 0 .00 3 . 68 56 . 22 '0 .00 28 . 57 0.46 0.00 0 . 00 0 .00 0 .00 0 . 00 0 . 00 0 . 00 0 . 46 3 .80 
1950 1156 4 .80 '6. 73 0.00 0 . 00 4.32 64 . 42 0.00 19 . 23 0.00 0 . 00 ~48 0 .00 0 .00 0 .00 0.00 0.00 0 .00 3. 35 
1970 2000 1.25 5.00 0 . 00 0.00 4 . 16 58 . 75 0.00 30.83 0.00 0.00 0 .00 0.00 0 .00 0 .00 0 . 00 0.00 0 . 00 2.12 
1990 1306 5 .40 4 . 50 0 .00 0.00 4.50 59.45 0.00 26.12 0 .00 0 . 00 0.00 0 . 00 0.00 0.00 0.00 0.00 0 .00 1.50 
2009 790 6 . 55 5.67 0 .00 0 .00 5 . 67 64 . 62 0 .00 17.03 0 . 00 0 .00 . 0.43 0.00 . 0 .00 0 .00 0 .00 0 .00 0 .00 2.31 
2030 823 3.22 3 . 22 0 .00 0 .00 4.02 68 . 14 0 .00 1-9 . 75 0 .00 0.00 1.20 0 .00 0.00 0 .00 0 . 00 0'740 0.00 2 . 32 
2050 679 4 . 46 2 . 23 0 .00 0 . 00 1 . 33 62.05 0 .00 29 . 46 0 . 00 0 .00 0 .00 0 .00 0 . 00 0.00 0.00 0.44 - 0 .00 2 . 11 
2080 773 0.85 0.85 0.00 0 .00 5 . 95 65 . 53 0.00 25.95 0 .00 0 . 00 0 . 42 0 .00 0.00 0 .00 o:oo 0 . 42 0.00 1.63 

l 
t100 0 0 .00 0 .00 0.00 0 . 00 0 .00 0 .00 0 .00 0.00 0.00 0 .00 0 .00 0.00 0 . 00 0 .00 0 . 00 0.00 o.oo. 2 . 64 

• ~ 

~} 



2120 u 45 10. 20 26 . 53 
2l4l 103 4 .62 4 . 62 
2160 19 15./8 57 . 89 
2180 1074 0.30 1.50 
2200 2471 0.57 0.86 
2230 1567 1.77 0.00 
2250 1589 0.69 0.00 
2270 1689 1.55 O.oO 
2290 1263 4 . 16 1.25 
2310 1060 9.43 0.00 
2330 888 8.55 1.35 
2350 1736 2.46 0.41 

, 2379 1~ 5.04 1.26 
2400 230 4 . 30 0.00 
2421 2450 "5 . 10 0.34 
2439 948 4 . 12 1.37 
2460 1170 3.84 2.13 
2480 1163 5.88 4.07 
2500 1517 3 :66 11.35 
2531 412 4 .~5 1 . 21 
2550 919 1 .67 2.92 
2570 617 9.45 2.70 
2590 841 6.69 0.37 
2610 0 0.00 0.00 
2630 364 11.62 0 . 93 
2650 1569 10 . 35 0 . 39 
26PO · 1155 12 . 98 0.86 
2700 70 .12 . 16 1.35 
2740 574 15 . 59 2.75 
2759 79 9 .63 3 .61 
2780 ~372 13.20 8.01 
2800 88 14.77 5.68 
2820 242 3.94 3.44 
2840 154 3.89 0.64 
28&0 621 0.94 0 . 47 
2890 396 9 . 70 0.48 
2910 32 ~6. 25 0 . 00 
2930 . 0 .00 0.00 
2950 53 .00 1 .88 
2970 467 11.62 2.32 
2990 786 15 . 90 0.90 
3010 815 7 . 54 0 . 47 
3040 733 19 .09 0 . 90 
3060 505 17 . 11 0 . 90 
3081 14 5.55 0.00 
3100 0 0 .00 0.00 
3120 505.7 .83 1.84 
3140 90 16.84 10.52 
3160 309 18.57 0 . 47 

0.00 0 .00 2.04 16.73 
0.00 0 .00 3 . 70 50.00 
0 .00 0.00 0.00 26 . 31 
OlOO 0 .00 ·2.10 81.38 
0.00 0.00 0.57 82.65 
0.00 0 .00 2.48 78 .01 
0.00 0.00 0.69 76.92 
0.00 0 .00 2.49 79.75 
0 .00 0 .00 1.25 7~.91 
0.00 0 .00 0.94 63.20 
0 .00 0.00 1.80 74.32 
0 .00 0 .00 0 .00 78.60 

-0.00 0.00 4.20 70.16 
O.OQ 0 .00 5.26 74.16 
0 .00 0 .00 1.70 68.36 
0.00 0.00 1 . 37 77.52 
0 .00 0.00 0.85 82.90 
0.00 0.00 0.00 7&, 01 
0 .00 0 .00 0 .00 69.59 
0.00 0 .00 0.00 60 . 72 
0.00 0 .00 0.00 70.29 
0.00 0 .00 0.00 70.27 
0.00 0.00 0 . 37 67.2~ 
0.00 0.00 0 .00 0.00 
0.00 0.00 0.46 60.00 
0.00 0.00 · 1.19 63.34 
0.00 0 .00 1.29 59.74 
0.00 0.00 0.00 62.16 
0 .00 0 .00 0.45 30.27 
0.00 0.00 1.20 51.80 
0.00 0.00 0.47 22.16 
0.00 0 .00 0.00 26.13 
0.00 0 .00 0.00 46.79 
0.00 0.00 0.00 61.~8 
0.47 o .oo 0.47 57.34 
2 . 91 0 .00 0.48 44.17 
0.00 0 .00 0 .00 25.00 
0.00 0 .00 0.00 0.00 
1 .88 0 .00 5 . 66 58.49 
1.39 0.00 1.39 38.60 
0.45 0 .00 13.63 43.18 
0 . 47 0.00 29.24 45.75 
0.00 0.00 5 . 00 23.63 
0.00 0.00 2.70 34.68 
0.00 0.00 0.00 55.55 
0.00 0 .00 0,00 0.00 
0 . 92 0 .00 0 . 46 67.74 
1.05 0.00~ . 00 43.15 
1 . 42 .• o .Cd o.oo 30.95 

0 . 00 24 . 48 
0 . 00 37 .03 
0 . 00 0.00 
0 . 00 13.21 
0.00 15.02 
0.00 17.37 
0 .00 20.97 
0.00 14.95 
0 . 00 17.08 
0 . 00 16.03 
0.00 12.16 
0.00 17.28 
0.00 16.38 
0 . 00 15.31 

. 0 . 00 17-.68 
0.00 12 . 84 
0 :00, 5.12 
0.00 9.50 
0.00 10.62 
0 . 00 24 . 29 
0.00 20.50 
0 .00 11.71 
0 .00 11.89 
0.00 0.00 
0.00 15 . 34 
0.00 7.96 
0 .00 7.35 
0 . 00 16 . 21 
0.00 24.31 
0.00 14.45 
0 . 00 41.50 
0.00 38.63 
0.00. 24.13 
0.00 21.27 
0 . 00 21. 96 
0 .00 24.27 
0.00 50.00 
0.00 0.00 
0.00 22.64 
0 . 46 21.86 
0 .00 19.09 
0 .00 7.54 
0 . 00 30.45 
0 . 45 18.46 
0 .00 11.11 
0 ·. 00 0.00 
0.00 11.05 
0 .00 22.10 
0 .00 25 . 71 

,. 
0 .00 0.00 0 .00 0.00 0.00 0.00 
o.oo o.oo o .oo o .po o.oo o .oo 
o.oo o .oo ·· o.oo o .oo. o.oo o .oo 
0.00 0.00 0 . 30 0.00 0 .00 0.90 
0.00 0.00 0 .00 0 .00 0.00 . 0 . 28 
o.oo .. o .oo o.oo o.oo o.oo o : 35 
o.oo o·.oo o . 34 o .oo o .oo o . 34 
0.00 0.00 0 .00 0.00 0 .00 1.24 
0.00 0 . 00 0 . 41 0.00 0.00 2 . 91 
0.00 0.00 1.88 0.00 0 .00 8 .49 
0.00 0.00 0 . 90 0.00 0 .00 0.90 
0.00 0 . 00 0.41 0.00 0.00 0.82 
0.00 0.00 0.84 0.00 0.42 1.26 
0.00 0.00 0.47 0.00 0.00 0.47 
0.00 0.00 2.04 0 .00 0.00 1.02 
0.00 0.00 0.00 0 .00 0 .00 2.75 
0.00 0.00 0 .00 0 .00 0.00 5.12 
0.00 o :oo 3.16 0 .00 0 . 00 1.35 
0 .00 0 .00 1.09 0 .00 0.00 3.29 
o .oo o.oo o .8o o.oo o.oo· 8.09 
o,oo 0.00 0.83 0.00 0.00 3.76 
0.00 0 .00 1.80 0.00 0.00 4.05 
0 .00 0 .. 00 0.00 0 .00 0 .00 3. 34 
0 .00 0 .00 0.00 0.00 0 .00 0.00 
0 . 00 0 .00 ·. 6.97 0 .00 0.00 4.18 
0.00 0.00 9.16 0 .00 0.00 7.56 
0.00 0.00 8 .65 0.00 0 .00 8.65 
0 .00 0.00 0 .00 0.00 0.00 6.75 
0 .00 0 .00 5.04 0.00 0.00 19.72 
0 .00 0.00 3.61 0.00 . 0 . 00 15 .66 
0.00 0 .00 0 .47 0.00 0.00 13 . 20 
0 .00 0 .00 2.27 0 .00 0.00 11.36 
0 . 00 0. 00 L 97 0. 00 0. 00 18 . 71 
0 .00 0.00 0.64 0.00 0.00 3 .89 
0.00 0 . 00 0.00 0 .00 0 .00 10 . 90 
0 .00 0 .00 0.00 0 .00 0.00 15.53 
3 : 12 · o .oo 6 . 25 o . oo o.oo 9 . 37 
0.00 0 .00 0.00 0 .00 0.00 0 .00 
o.oo 1 . e8 1.88 o.oo o,oo 5.66 
0 .00 1.39 3.72 0.46 0.00 15 .81 
0.00 3 . 63 1.81 0 .00 0.45 0 .00 
0.00 1.88 1.88 0.00 0.00 4.24 
o·.oo o.oo 10.00 o.oo o.oo 10.00 
0.00 0.90 5.85 0.00 1 . 35 16.66 
0.00 0 .00 0.00 0 .00 5.55 16.66 
0 .00 0 .00 0.00 0.00 0.00 0.00 
0 .00 0 .00 0 . 92 0.00 0 . 00 7 . 37 
0 .00 0 .00 0 .00 0.00 0.00 4 . 21 
0 ,00 0 .00 6 . 19 0.00 0.00 12 . 38 

/ 

0.00 0 .00 0 .00 4 . 55 
o.oo o.oo _o .oo 3 . 82 
o .oo o .qe- o.oo 3.93 
0 .00 0.~ 0 .00 3 . 77 
0 .00 0. 0 .00 2 .00 
o .oo 0. 0 .00 2.56 
0.00 0 .00 0 .00 2.22 
0.00 0 .00 0 .00 2.49 
0.00 0 .00 0 .00 1.42 
0.00 0.00 0.00 1.52 
0.00 0 .00 0.00 2.05 
0.00 0 .00 0 .00 1.99 
o.oo ·o . 42 o .oo 1.00 
0.00 0 .00 0 .00 2.00 
0.00 0 .00 0.34 2 .01 

0.00 1.64 
·. 0.00 3.'50 

0.00 3.95 
·0 . 00 0 .00 0.36 3.65 
0.00 0.00 0.00 3.60 
0.00 0 .00 0 .00 13.29 
0 .00 0 .00 0.00 3.14 
0.00 0 .00 0.00 2.55 
0 .00 0 .00 0.00 2 . 59 
0.00 0.46 0.00 2.2!i, 
0.00 0 .00 0 .00 1.89 
0 .00 0 .00 0.43 1.45 
1.35 0.00 0.00 1 . 99 
0.00 0.00 1.83 2 . 79 
0 .00 0 .00 0 .00. 3 .04 
Q.OO 0 .00 0.47 4.35 
0.00 0.00 lal3 3.72 ·!:,. 
0 .00 0 .00 0 . 98 3 . 40 
~ . 00 0.00 1.94 3.62 
0.00 0.00 1.42 ·3.51 
0 .00 0.00 1.94 . 2 . 97 
0 .00 0.00 0.00 3.54 
0.00 0.00 0 . 00 3 . 60 
0.00 0 .00 0 .00 3 . 07 
0.00 0 .00 0.93 2 .00 
0 .00 0 .00 0 . 90 2.79 
0 .00 0 .00 0.94 1.83 
0 .00 0.00 0 .45 2 , 21 ..• 
0.00 0.00 0.90 ./1,45 
0 . 00 0.00 5.55 1.96 
0.00 0 .00 0 .00 2 . 26 
0 .00 0.00 1.84 . 3.33 
0 .00 0.00 2 . 10 2 . 98 
0.00 0 . 47 3.80 2 . 99 
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3192 10 9 09 9 .09 0.00 0 .00 9 .09 54 . 54 0 .00 18 . 18 0 . 00 0.00 0 . 00 0 . 00 0.00 0.00 0 .00 0 .00 0 .00 2 . 81 3210 526 14.46 1.6'5 1. 23 0.00 2 .06 44 . 21 0.00 14 . 46 0 . 00 ~ .00 10 . 74 0 .00 0 . 00 9 . 50 0 .00 0 .41 1: . 23 2 . 62 3230 :&.39 10 . 79 0 . 71 2.15 0.00 0.00 58.99 0.00 6 . 47 0 . 00 I 0 .00 7 . 19 0 . 00 0.00 11.51 0 .00 . 0 .00 2.15 2 . 55 3250 40 13 . 63 0.00 0 .00 0 .00 0 .00 47.72 0.00 11.36 0.~00 9 . 09 2 . 27 0 .00 11.36 0 .00 )..27 2 . 27 1.92 
3270 123 10 . 56 0.~ -o.oo 0 .00 0 .00 56 .09 0.00 8 . 94 0.00 ' .00 8 . 94 . 0 . 81 0 .00 12 . 19 0 .00 0 .00 2 . 43 2 . 38 
3290 0 0.00 0 . 0.00 0.00 0.00 0 .00 0 .00 0 . 00 0 . 00 0 .00 0 .00 0.00 0 .00 0.00 0 .00 0 .00 0.00 3 .00 
3311 0 0 . 00 0 .00 0.00 0.00 0 .00 0 . 00 0 . 00 0 . 00 0 . 00 0 .00 ·o.oo 0 . 00 0 . 00 0 .00 0 .00 o-.oo . 0 .00 3 . 60 
3340 67 16 . 41 0 .00 0 .00 0 .00 0.00 65.67 0 .00 7 . 46 0.00 0.00 1.49 0.00 0.00 8.95 0 .00 0.00 0 .00 2 . 53 
3359 .. 0 0 . 00 0 .00 0.00 0.00 o.oo ·o.oo 0 .00 0.00 0 .00 0 .00 0.00 0.00 0 . 00 0.00 0 .00 0 .00 0 .00 ~. 111 
3380 186 16 . 12 1.61 0 .00 0.00 0.00 60.21 otO) 4.30 ~ . 00 0.00 1.07 0.00 0 . 53 15 .05 0 .00 0.00, 1.07 2 . 32 
3399 · 113 31 . 93 0 .00 0.00 0 .00 0.00 42 . 01 0.00 3. 36 .00 0 .00 0.84 0 .00 0 .00 10 .08 0 .00 0.00 3 . 36 1.77 
3420 507 27 . 23 0.00 0 .00 0 .00 3 . 75 53 .05 0.00 3 . 75 0 .00 0.46 5 . 16 0.00 0.00 6 . 10' 0.00 0.00 0 . 46 2 . 90 
3440 2064 20 . 76 0 . ~ 0 .00 0 .00 0 . 34 65 .05 0 .00 3 . 80 0 . 34 3 .46 1.03 0 .00 0 . 00 4 .84 0 .00 0 .00 0 .00 2 .10 
3460 1136 15 . 60 0.00 0.00 0.00 2 .40 72.40 0 .00 4.40 0 .00 2.40 0 . 40 0 . 40 0 . 40 1.20 0 .00 0 .00 0 .40 1 . 31 
3489 40 20 . 83 0.00 0.00 0.00 0.00 75.00 0 .00 0.00 0.00 0 .00 4 . 16 0.00 0 .00 0 .00 0 .00 0 .00 0 .00 2 . 79 
3510 0 0 .00 0.00 0.00 0.00 0.00 0 . 00 0.00 0.00 0.00 0 .00 0 .00 0 . 00 0.00 0 .~ 0 .00 0 .00 0 .00 2 . 78 
3530 0 0 . 00 0 .00 0 .00 0 .00 0.00 0 . 00 0.00 0 .00 0 . 00 0.00 0 .00 0.00 o.-oo 0. 0.00 0.00 0 .00 4 . 26 
3549 0 0 .00 0.00 0 .00 0 .00 0 .00 ·0 .00 0 .00 0 . 00 0.00 0 .00 0 .00 0 .00 .o .oo 0 .00 0 .00 0 .00 0 .00 3 .64 
3570 38 36 . 84 0 .00 0 .00 0 .00 0.00 42 . 10 0 .00 0 .00 0 . 00 0 .00 10 .. 5J 0 . 00 0~ 10 . 52 0 .00 0 .00 0 .00 3 . 71 
3591 319 29 . 41 0.00 0 .00 o . oo • 1 . 4 7 Sl. 96 0 .00 0.98 0.00 0 .00 12.25 0.00 0 . ' 2.94 0.00 0.00. 0 . 98 3 . 32 
3610 826 21.07 0.44 0 .00 0.00 4.03 66.81 0 .00 4.48 0.00 0.89 4.48 0 . 00 0.00 3 . 13 0.00 0.00 1.~ 3 .08 . 
3640 156 14 . 66 0.00 0.66 o·.oo 3 . 33 .60 . 00 0 .00 8 . 00 0 .00 0.66 6 . 00 0.00 1. 33 8.00 0 .00 0 .00 0 . 66 . 2 . 63 
3660 184 24 . 45 0 .00 0 .00 ·. 0 .00 0.54 45.65 0 .~ 5 . 43 0 . 00 0 .00 8 . 15 0 . 00 0 . 54 15 . 21 0.00 0 .00 0 . 54 2 . 72 _.. 
3860. 212 20 . 75 0 .00 4 . 24 0 .00 0 .00 49 . 52 0 . 1.41 0.00 0.00 · 1.41 0 .00 0.00 22 . 16 0 .00 0 . 47 0 .00 · 3 . 15 1\) 

3880 584 10.81 0 .00 3.60 0.00 0.90 45 . 94 0 , 00 9.45 0.00 0 .00 0.00 0.00 0.90 28.37 0.00 0 .00 0 .00 2.79 <0 

3900 370 13 . 74 0 .00 2 .84 0.00 0.47 42 . 18 0 .00 9 . 95 0 . 00 0 .00 0 . 47 0 .00 2.36 27.96 0 . 00 0 .00 d .OO 2 . 79 
3920 121 22.31 0 .82 0 . 82 0 .00 0.00 33 .88 0.00 1 . 65 0.00 0 .00 4 . 95 0 . 00 0 .00 ~ . 71 0 .00 0 .00 0 . 82 2 . 79 
3940 312 19. 48 0.43 1.~.00 1.29 30.73 . 0 .00 6 . 92 0 . 00 0.00 . 0.86 0.00 1. 29 36 . 36 0.00 0.43 0 . 86 2~ 80 
3960 328 13 . 63 0 .00 0 . 0 .00 0 . 90 46.81 0 .00 6 . 81 0 .00 0.00 0 . 90 0 .00 2 . 72 27. 27 0 . 00 0 .00 0.00 2. 77 -
3980 108 44 . 44 0.00 0 . 92 0.00 0 .00 21.29 0.00 0 .00 0 .00 0 .00 1. 85 0 .00 1.85 28.70 0.00 0 .00 0 . 92 2 . 64 
4011 263 22 .00 0.00 ~0 .00 0 .00 0 .00 25 .83 0.00 3 .82 0 . 00 0 .00 1.43 0.00 0 . 95 45 . 93 0 .00 0 .00 0 .00 2.72 
4030 0 0 . 00 0.00 0 .00 0 .00 0 .00 0.00 0 .00 0.00 0.00 0 .00 0 .00 0 . 00 0 . 00 0.00 0.00 0 .00 0 .00 2 . 95 
4050 0 0.00 0 .00 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3 .01 
4070 0 0 . 00 0.00· 0 .00 0 .00 0.00 0.00 0 .00 0 .00 0 .00 0 .00 0.00 0..00 0.00 0 .00 0 .00 0 .00 0 .00 3 .09 
4090 169 13 . 45 15.20 16 . 95 0 .00 1.16 34 . 50 0.00 5 . 26 0 .00 0 .00 1. 75 0.00 0 .00 11 . 69 0 .00 0.00 0.00 3 . 14 
4110 265 8 . 49 0 .00 25 .00 0.00 2.83 45.75 0.00 0 .00 0.00 JJ .OO o.ro 0 .00 0 .00 13.20 0.00 0 .00 0 .00 · 2 .85 
4130 54 12.96 0.00 40 .74 0 .00 0.00 33.33 0.00 0 . 00 0 .00 0 .00 0 .00 0 . 00 0 .00 12 . 96 0 .00 0 .00 0.00 1.60 
4160 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 .00 0 .00 0 .00 . 0.00 0 .00 0 .00 0 .00 0 .00 0 .00 2 . 38' 
4180 445 22 . 48. 0.47 33.01 ,..o .oo 0.47 28.70 0.00 0 . 00 0 .00 0 .00 1.43 0 .00 0 .00 13 . 87 0 .00 0 .00 0 .00 2 .87 
4200 0 0 . 00 0.00 0 .00 0 .00 0 .00 0.00 0.00 0.00 ·o .oo . 0 .00 0 .00 0 .00 0.00 0 .00 0 .00 0.00 0 .00 1.96 
4220 42 18 . 18 0.00 52 . 27 0.00 0.00 18.18 0.00 6 . 81 0.00 0 .00 0.00 0 . 00 0.00 4 . 54 0 .00 0.00 0 .00 2.49 
4240 lOS 11 . 53 0.00 81.73 0 .00 0.00 3.84 0.00 0.00 0 .00 0 .00 0 .00 0.00 0.00 2.88 0 .00 0 .00 0.00 2.65 
4260 151 23 . 84 1. 98 54 . 96 0.00 0.00 14 . 56 0.00 0 .00 0 .00 0 .00 0 . 66 0 . 00 0.66 3.31 0 .00 0 .00 0 .00 2 . 54 
4280 3~ 22 . 37 0 .00 50 . 68 0.00 0.00 10.04 0 .00 7.76 0 .00 0 .00 0 .45 0 .00 0 .00 8.67 0.00 0 .00 0 .00 3.54 
4310 0.00 0.00 0 .00 0 .00 0.00 0 .00 0.00 .0.00 0.00 0.00 0 . 00 0.00 0.00 0.00 0 .00 0 .00 0.00 3.53 
4330 248 16 . 43 0.46 70.42 0.00 0 .00 6 . 57 0 .00 0.93 0 .00 0 .00 0 .46 0.00 0.00 4.69 0 .00 0 .00 0.46 3 . 52 
4350 506 18 . 10 0.41 58.84 0 .00 0.82 9.87 0 .00 5.76 0.00 0 .00 tf · 41 0.00 0 . 00 5 . 34 0 .00 0 .00 0 . 41 2.42 
4370 214 17 . 61 0.00 54.28 0.00 0.00 18.57 0.47 3.80 0 . 00 0 .00 . 43 0 . 00 0.47 2 . 85 0 .00 0 .00 0 . 47 2 . 78 
4390 31 6 . 45 0.00 70.96 0.00 o.oo 19 . 35 0.00 0 .00 0 .00 0.00 3 . 22 0.00 0 .00 0 .00 0.00 0 .00 0.00 2 .78 



4410 867 18 . 37 0 . 42 50.85 0 .00 . 3 . 41 4 .. 70 0 .00 6.83 0.85 0.00 0 .00 0 .00 0 . 85 13 . 24 0 .00 0 . 00 
, 
0 . 42 2 . 82 4430 155 11.61 0 .00 56 . 77 0 .00 3 . 22 9.67 0 .00 9.03 0 .00 0.00 0 .00 0 .00 0 .00 9 .03 0 .00 0 .00 0 . 64 2 . 27 4459 340· 10 .74 0.00 67 . 75 0.~ 2 . 33 6.54 0 . 00 5 . 60 0 .00 0 . 00 0 .00 0 . 46 0.00 6 .54 0.00 0 .00 Q.OO 1.55 4479 318 18.98 0 .00 75.92 0. 0.00 1.85 0 .00 0.00 0 .00 0.00 0 . 46 0.00 1. 38 1.38 0 .00 0 .00 0 .00 1.48 4499 1137 7.40 0 .00 91.20 o·.oo : o.oo 0 . 00 0 .00 0.00 0 .00 0 . 00 0.46 0 .00 0.00 0 .92 0.00 0.00 0 .00 2.34 4520 572.14 . 15 0.00 77 .83 .. 0.00. 0 . 00 0.00 0 . 00 0.00 0.00 0 .00 0 . 47 0 .00 0 . 94 5.18 0.00 0 .00 1.41 1.30 4540 195 7.69 0.00 89.23 0.00 0.00 0 .00 0 .00 0.00 0 . 00 0 . 00 0 _.51 0 . 00 1.02 1.02 0 .00 0 .00 0.51 2.27 4610 17 11 . 11 0.00 88 . 88 0.00 0.00 0.00 0.00 0 .00 0 .00 0 .00 0.00 0.00 0.00 0.00 0 .00 0.00 0 .00 2 . 84 4760 140 10 .71 0 .00 87 .85 0.00 •0 . 00 0 .00 0 .00 0 .00 0 . 00 0 .00 0 .00 0 .00 0.00 1.42 0.00 0.00 0 .00 2.64 4781 342 20.00 0 .00 72.68 0.00 0 . 00 0 . 00 0 .00 0.00 0.00 0 . 00 0.48 0 .00 0 .00 6 . 34 0 .00 '• 0 .00 0 . 48 1.64 4800 510 22.05 0.00 68.13 .0.00 .0.00 0.00 0 .00 0 . 49 0 .00 0.00 1.47 0.98 0 .00 6 . 37 0 .00 0 .00 0 . 49 1 .08 4830 109 28.44 0 .00 63 . 30 0.00 0 .00 0 .00 0.00 0 .~.00 0 . 00 2 . 75 0 .00 1.83 2 .75 o .oo· 0 . 00 0 . 91 1.58 4850 11 18.18 0 .00 63 . 63 0.00 0.00 0.00 0 .00 0 .00 .00 0 . 00 9 .09 0 . 00 0 .00 9 .09 0.00 0.00 0.00 1.48 4870 0 0 .00 0.00 0 .00 0.00 0 .00 0.00 0 .00 0.00 .00 0.00 0.00 0 .00 0 .00 0.00 0 .00 0 . 00 0 . 00 1.37 4890 14 13.33 . 0 .00 80 . 00 0.00 0 .00 0 .00 0.00 0 .00 0.00 0 . 00 0 .00 0 .00 0.00 6 . 66 -....6. 00 0.00 0.00 1.50 4910 10 30.00 0.00 70.00 0.00 0 . 00 0 . 00 0 .00 0 .00 0 .00 0 .00 0 . 00 0.00 0 .00 0.00 0.00 0 . 00 0.00 2 . 23 4930 33 15.15 0 .00 75 . 75 0 .00 0 . 00 0 .00 0 .00 0.00 0 .00 0 .00 0 .00 0.00 0 .00 9 .'09 0.00 0 . 00 0 .00 3.07 4950 12 16.66 0 . 00 66 . 66 0 .00 0 . 00 0 .00 0 .00 0.00 0 .00 0.00 8 . 33 0 .00 8 . 33 0.00 0 .00 0 . 00 0 .00 2.51 4980 515 24 .87 0.00 62 . 68 0.00 0 . 00 0 .00 0 .00 0 .00 0 .00 0 .00 2 . 98 0 .00 2 . 98 4.97 0 . 00 0.99 0 . 49 1.79 5000 1312 22 .86 0 .00 40 . 35 0.00 9 . 41 0 . 00 0 .00 0 . 00 0 .00 0 .00 6.72 0 .00 0.89 17.48 0.44 0 . 89 0.89 1.90 ' 5021 313 26.38 0.00 57.87 0.00 1.38 0 .00 0 .00 0 .,00 0 .00 0.00 5 .09 0.00 0 . 00 6.48 0.00 0 . 46 2 . 31 2 . 17 5040 1015 l7 .09 0.00 61.57 0 .00 0 .. 00 0 .00 0.00 0 .00 0 .00 0 .00 2.95 0.00 0 .00 7.38 0 .00 0 .00 0 . 98 2 . 20 5060 412 11 . 90 0 .00 83 L80 0.00 0 .00 0 .00 0 .00 0.00 0 .00 0 .00 1.42 0.00 0.47 2.38 0.00 0 .00 0 .00 1.69 ~ 

w 5080 28 13 .79 0.00 65 . 51 0.00 0.00 0.00 0 . 00 0 .00 0 .00 0 .00 0 .00 0.00 0 . 00 2ct'. 68 0 .00 0 .00 0.00 2 . 62 0 5100 0 0.00 0.00 0.00 0.00 0.00 0 .00 0.00 0 .00 0 .00 0 .00 0.00 0 .00 0.00 0 .00 0.00 0 .00 0 . 00 2 . 38 5130 243 18 .69 0 . 00 70 . 56 0.00 0.00 0.00 0 .00 0 .00 0.00 0 .00 0.46 0.46 0.46 9.34 0 .00 0.00 0 .00 2 .'05 5150 1150 8.21 -o .oo 87.92 0 .00 0.00 0 .00 0.00 0 .00 0 .00 0 . 00 0 .00 0.00 0 .00 3.86 0 .00 0.00 0.00 3 . 36 5170 296 14 . 21 0 .00 83 . 33 0.00 0 .00 0.00 0.00 0 .00 0 ,.00 0.00 0 . 98 0 .00 . 0 .00 1.47 0 .00 0 .00 0 .00 .4 . 29 
~ ·-5190 0 0.00 0 .00 0.00 0.00 0 . 00 0.00 0 .00 0.00 d ':OO 0 .00 0 .00 0 .00 0.00 0 .00 0 .00 0 .00 0 .00 3.10 ' 

5210 605 12 . 50 0.00 73 . 21 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 . 89 0 . 44 0 . 44 11 .60 0 .00 0 .00 0 . 89 1.87 
5230 773 17 . 24 0 .00 67 . 67 0.00 0 . 00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .43 0 .00 0 . 00 13.36 0 .00 0.00 1. 29 1.29 
5250 570 23.22 0 . 00 .63.98 0 .00 0 . 00 0 .00 0.00 0 .00 0 .00 0 . 00 2 . 36 0 . 47 0 .00 8 . 53 . 0 .00 0.00 1. 42 1.07 5280 . 641 19 .72 0 .00 64 . 22 0.00 0 . 00 0.00 0 .00 0 .00 0.00 0.00 0 . 45 0 .00. 0 . 91 12 .84 0 .00 0 .00 1.83 1.62 
5300 26 50 .00 0 .00 42 . 30 0.00 0.00 0.00 0.00 0.00 0 .00 0.00 0 .00 0.00 0 .00 7 :69 0 . 00 0 .00 0 . 00 1.98 
5320 0 0.00 0 .. 00 0.00 0.00 0.00 0 .00 0 .00 0 .00 0 .00 0.00 0 . 00 0 .00 0 .00 0 .00 o.oo· 0.00 0 .00 2 . 30 \ 
5340 0 0 .00 0 .00 0.00 0.00 0 . 00 0 .00 0.00 0.00 0 .00 0 .00 0 . 00 0.00 0 .00 0 .00 0 .00 0 .00 0 .00 3 . 44 

. 5359 0 0 .00 0 .00 0.00 0.00 0 .00 0.00 0 . 00 0.00 0.00 0.00 0 .00 0.00 0 .00 0 .00 0.00 0 .00 0.00 3.60 
5380 739 18.34 0 . 43 66.37 0.00 0.00 0 . 87 0 .00 . 0 . 00 0 . 00 0 . 00 1. 74 0 .00 ·0 .00 11. 35 0.00 0 . 43 0 . 43 3 . 49 
5400 1437 11 .72 0.00 63 .00 0.00 0.00 0 .00 0.00 0.00 0.00 0 . 00 0.36 0 . 36 0.00 23.80 0.00 0 . 36 0 . 36 3 . 33 

30 0 0.00 0 .00 0.00 0.00 0.00 0 .00 0.00 0.00 0.00 0.00 0 . 00 0 . 00 0 .00 . -~.00 0 .00 0 . 00 0 .00 3 . 10 
54 313 24 .07 0 .00 66.20 0.00 0.00 0 .00 o.oo· 0 .00 0.00 ·o .oo 0.46 0.00 0.00 7 .87 0 .00 0 . 00 1. 38 2 . 85 
546 41 43.90 0 .00 53 . 65 0 .00 0.00 0 .00 .0 .00 o·.oo 0 .00 0.00 0 .00 0 .00 0 .00 2 .43 0 .00 0.00 0 . 00 3 .96 
5490 98 35.71 0 .00 56 .M 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 . 00 1.02 0.00 0 . 00 7.14 0.00 0 .00 0.00 3.00 
5510 ._00 0. 0 . 0 .00 0.00 0 . 00 0 .00 0 .00 0 .00 0.00 0 .00 0.00 0 . 00 0 .00 0 .00 0 . 00 o.oo · 3 . 50 
5530 0 0 .00 .00 0.00 0.00 0 .00 0 .00 0 .00 0 .00 0.00 0 .00 0 .00 0.00 0 .00 0 .00 0 . 00 0 . 00 -2 . 11 
5550 226 33.18 4 . 42 51 . 32 0.00 0 . 00 0 .00 0.00 0 .00 0 .00 0 .00 0 . 44 0 . 44 0.00 -9 . 29 0 .00 0 .00 0 . 88 2.JO 
5580· 20 80.00 5 . 00·15 .00 0 .00 0 .00 0 .00 0 .00 0.00 0 .00 0 .00 0 .00 0 . 00 0.00 0 .00 0 .00 0.00 0 .00 2 . 36 
5600 

. 
817 20 .00 2 . 44 57.14 0.00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 $). 00 0 .00 0.00 20 .00 0 .00 0 . 00 0 .40 
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APPENDIX D ' 

R-MODE CLUSTER ANALYSIS 

COSINE SIMILARITY COEFFICIENT MATRIX 

., 
J 



... 

.. 

.. Cosine 'similarity Coefficient Matrix 

~ Variable LEPTO PELAG DORON HUXLE . CARI B MllELL OCEAN PELAG .4717 

\ DORON .5114 : oo99 HUXLE . 2427. .5092 .0001 APERT . 2987 , 2489 .0434 ' .1115 CARIB . 4168 . 2151 .0430 .0320 . 3741 MUELL . 1036 . .0672 .0436 . 0383 .049& . 1597 OCEAN . 5028 . 6176 .0168 .3~05 .5266 .5110 . 1238 . 
-

PROTO .0923 .0309 . 07.~~ .uooo . 1096 .1592 .0558 . 1860 ROTA . 1570 . 009-R .0028 ' . . oooo . 3546 .2306 .1251 .0803 KAMPT .5499 . 31 :!1 .1742 . 1761 .3074 '. 3999 .1183 .4637 DISCO .1796 .00.6 : 1759 .0000 .0228 .1201 .0565 .0485 JAPON . 2573 .01! ·6 . 2570 .0110 .0646 . 1280 .0533 .0687 .-
w 

~ LACUN .5408 . 03E "S' .3606 .oooo . 1195 . 3799 .0950 .1668 1\) 
CLAVI .1063 . 08€2 .0242 .0146 . 1167 . 0895 .0000 . 0907 PULOI .2408 .19~5 ·. 0957 ° .1933 .3269 .2003 .0985 .2458 MIRAB .4794 .2667 . 1903 . 2389 . 2714 ~3234 .1170 . 4027 

Variable PROTO ROTA KAMPT DISCO JAPON LACUN CLAVI PULOI ROTA . . 0450 
/ KAMPT .1249 . lit>..i. 

DISCO . ()()()(' .0846 . 2463 JAPON .014f .0597 .2267 .0161 LACUN .0793 . 1005 . 3992 . 2051 .3341 CLAVI .0000 .oooo . 0878 .oooo . 0206 .0811 PULot .075 1 .0000 .3221 . 4511 .1043 . 1907 .0954 MIRAB .049:. .1060 . 4206 . 2405 . 2670 . 3999 .0495 . 3151 
{ ..-

"" ' r-- {l 






