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13. DATA REPORT: COUNTING EXPERIMENTS ON DIFFERENT SIZE FRACTIONS: 
EXAMPLES FROM SITE 9841
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INTRODUCTION

For many years, a controversy has existed about the “right” si
fraction choice for coarse-fraction analysis. A variety of applicatio
of counting data led to a wide range of different choices of me
sizes. After a series of tests using various mesh sizes, Imbrie 
Kipp (1971) decided that the >150-µm fraction (the CLIMAP co
vention) is the most convenient. Smaller mesh sizes led to high
certainties, especially in the difficult classification of small or juv
nile individuals. Since then, the >150-µm fraction was also used
modern techniques of paleotemperature reconstruction (e.g., 
SIMMAX method; Pflaumann et al., 1996). A huge database and
tempting possibilities for paleotemperature reconstructions provid
by these works led to a high acceptance of the >150-µm fraction
the scientific community.

Along with the introduction of the CLIMAP convention, Sarn
thein (1971) introduced a new method for quantitative compon
analysis of the coarse fraction. He used whole φ° mesh sizes (Went-
worth, 1922) between 63 and 2000 µm and quantitatively inve
gated all fractions for the most important constituents. However,
also recognized an immense increase of misinterpretations of p
cles <125 µm. Based on his results, Henrich (1989) regarded the 
to 500-µm fraction as the most representative of the whole coa
fraction in Norwegian Sea sediments. The decision to use wholeφ°
mesh sizes may have been based simply on economics, because
dard sieves are available in most laboratories. Many scientists 
lowed this proposal (e.g., Wolf and Thiede, 1991; Baumann et 
1996; Meggers and Baumann, 1997) and today a large data set e
that is based on the 125- to 500-µm fraction. 

After the observation of Heinrich (1988) that massive iceberg d
charges occurred with suborbital frequencies, a series of publicat
about these Heinrich ice-rafting events was released. Researc
used oxygen isotope data as well as planktonic foraminifer ass
blages and the abundance of ice-rafted debris (IRD) as paleoce
graphic indicators (e.g., Grousset et al., 1993; Broecker, 1994; M
Manus, et al.; 1994; Bond and Lotti, 1995). In most of these stud
the >150-µm fraction was investigated, as well as the >125-µm f
tion at times (Fronval and Jansen, 1996). 

At least since these studies, a strong interest in data exchang
tween different working groups has existed; it is thus very import
to estimate the compatibility of the methods. In this study, we pres
results from coarse-fraction analysis performed on the >150-µm fr
tion, as well as on the 125- to 500-µm fraction, to test the compat
ity between these two methods. Counting data are compared f
both fractions of IRD, total abundance of planktonic foraminifer
and percentage of Neogloboquadrina pachyderma sin. of total plank-
tonic foraminifers.

1Raymo, M.E., Jansen, E., Blum, P., and Herbert, T.D. (Eds.), 1999. Proc. ODP,
Sci. Results, 162: College Station, TX (Ocean Drilling Program).
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MATERIALS AND METHODS

Samples were taken from Site 984, which is located on the eas
flank of the Reykjanes Ridge (61°25.5′N, 24°04.9′W) at 1650 m wa-
ter depth. Samples for bulk calcium carbonate measurements w
taken every 50 cm. To determine calcium carbonate contents,
used a LECO CS-125 infrared analyzer. This device measures 
total carbon (TC) contents. To determine total organic carbon (TO
content, the samples were treated with hydrochloric acid and 
%CaCO3 was calculated using the following equation:

%CaCO3 = (%TC – %TOC) × 8.33.

For studies of the coarse fraction, the samples were freeze-d
using a FINN-AQUA (lyvotac GT2). A weighed part of the freeze
dried sample was washed on a 63-µm sieve. The dried, remai
coarse fraction was further separated into 63- to 125-µm, 125- to 5
µm, and >500-µm fractions using a ATM-SONIC-Sifter. A who
split of at least 300 particles of the 125- to 500-µm fraction was 
termined. In a simplified counting procedure, we concentrated 
five major categories: IRD (mineral grains and rock fragments), in
viduals of N. pachyderma sin., other planktonic foraminifers, benthic
foraminifers, and other biogenic particles. After the counting proc
dure, all fractions >63 µm were put together and sonic sifted ag
We then used a 63- and a 150-µm sieve. Average sieve loss was
2.6%. The >150-µm fraction was again counted as described ab
All particle counts were calculated to grains per gram of dry se
ment.

RESULTS AND DISCUSSION

A comparison of the weights of the two size fractions is shown
Figure 1. Generally, the contents of the two fractions are very sim
to each other, although the percentages of the >150-µm fraction
slightly higher than those of the 125- to 500-µm fraction. Deviatio
can be observed especially at 3 meters composite depth (mcd), 
22 to 27 mcd, and at 50 mcd. Here, the >150-µm fraction contain
much as 7 wt% more of the dry sediment than the 125- to 500-
fraction, indicating an enrichment of particles >500 µm. Howev
most of the samples that were investigated show negligible dif
ences in weight percent between the two fractions.

All counting results are plotted with the bulk carbonate data
demonstrate the range of glacial–interglacial variability we cove
with our samples (Fig. 2). In the youngest section, until 25 mcd, 
>150-µm fraction shows slightly higher IRD contents than the 12
to 500-µm fraction, which reflects the generally higher weight p
centages of the >150-µm fraction (Fig. 1) and, consequently, m
>500-µm IRD particles. Only a single data point at 9 mcd reve
higher IRD content in the 125- to 500-µm fraction. This patte
changes in the deeper section, from 25 mcd to 60 mcd. Here, the 
to 500-µm fraction shows increased contents at 27.0, 42.5, and 
mcd. Generally, the curve shapes of the two size fractions are 
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Figure 1. Weight percentages of dry bulk sediment from the >150-µm 
125- to 500-µm fractions and the difference between weight percentage
the >150-µm and 125- to 500-µm fractions from Site 984.
192
similar. The correlation between IRD counts of different size frac-
tions is significant (r2 = 0.618), as shown in Figure 3. Despite some
differences in amplitude, an “in phase” relationship of the behav
of the IRD curves of the two fractions and thus a good compatibi
is observed (Fig. 2). Some underestimation of the IRD content in
>150-µm fraction is present at 27.0, 42.5, and 53.0 mcd, where
125- to 500-µm fraction indicates stronger IRD input than the >1
µm fraction. 

The total abundance of planktonic foraminifers reveals some d
tinct dissimilarities between the two size fractions. At 1.5, 20.0, a
38.0 mcd, the 125- to 500-µm fraction contains distinctly more fo
minifers than the >150-µm fraction, dominated by nonpolar spec
(Fig. 2). Additionally, in the 125- to 500-µm fraction, lower abun
dances of the polar-adapted species N. pachyderma sin. than in the
>150-µm fraction were observed at 14, 28, 36, and 39 mcd (Fig
Hence, an underestimation of nonpolar species in the >150-µm f
tion in comparison to the 125- to 500-µm fraction must be conside
This could reduce the compatibility of the two methods in detail. F
samples from the eastern Labrador Sea, Fillon and Duplessy (1
and Kellogg (1984) showed that the abundance of subpolar spe
increases in the smaller size fractions (>62 µm). Biometric analy
of the subpolar planktonic foraminifer Turborotalita quinqueloba
(Bauch, 1994) proved that the main abundances of this species o
in size classes <150 µm. Paleotemperatures calculated from
>150-µm fraction foraminifer assemblages could therefore indic
colder surface-water temperatures than sea-surface temperature
mates derived from the 125- to 500-µm fraction. A similar finding l
Niebler and Gersonde (1998) to introduce a transfer function ba
exclusively on a >125-µm data set. 

Because of strong taxonomic problems, the use of 63-µm sie
was rejected by Kellogg (1984) and Meggers (1995). There is
comparative study between the 125- to 500-µm and the >150

and
s of
-
Figure 2. Comparison of coarse-fraction data between the 125- to 500-µm and the >150-µm fractions plotted vs. the CaCO3 record for Site 984. Ind. = individu
als.
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fractions dealing with the amount of indeterminable species. Kellogg
(1984) estimates that this amount is between 0% and 3%. An evalu-
ation of available foraminifer counts (Meggers, 1995; R. Huber, un-
publ. data) from the 125- to 500-µm fraction resulted in similar p
centages (0%–3.5%). Thus, for the simplified counting proced
that we applied, highly reproducible counting results with low err
possibilities can be expected.

In general, the agreement between the two fractions with res
to foraminiferal assemblages is very good. The correlation (Fig.
between the abundances of total planktonic foraminifers coun
from the 125- to 500-µm fraction and the >150-µm fraction is sign
icant (r2 = 0.649). Additionally, rapid climatic shifts are synchro
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Figure 3. Correlation coefficients between the 125- to 500-µm and the >1
µm fractions.
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nously monitored by strongly decreasing percentages of N. pachyder-
ma sin. at 2, 20, 46, and 50 mcd (Fig. 2) and demonstrate the h
comparability of the two fractions. Furthermore, the high correlati
coefficient (r2 = 0.865) of N. pachyderma sin. percentages between
the two fractions proves a generally good compatibility of the tw
methods for paleotemperature estimations. 

ACKNOWLEDGMENTS

We thank Captain Anthony Ribbens and his crew for their de
cated services during Leg 162 and the shipboard technical and s
tific party for assistance in fulfilling the sample demands. We tha
R. Norris and T. Wolf-Welling for their critical reviews. S. Draschb
and H. Kinkel read drafts of the manuscript and made valuable s
gestions.

REFERENCES

Bauch, H.A., 1994. Significance of variability in Turborotalita quinqueloba
(Natland) test size and abundance for paleoceanographic interpretations
in the Norwegian-Greenland Sea. Mar. Geol., 121:129–141.

Baumann, K.-H., Meggers, H., and Henrich, R., 1996. Variations in surf
water mass conditions in the Norwegian-Greenland Sea: evidence f
Pliocene/Pleistocene calcareous plankton records (Sites 644, 907, 9
In Thiede, J., Myhre, A.M., Firth, J.V., Johnson, G.L., and Ruddima
W.F. (Eds.), Proc. ODP, Sci. Results, 151: College Station, TX (Ocean
Drilling Program), 493–514.

Bond, G.C., and Lotti, R., 1995. Iceberg discharges into the North Atlan
on millennial time scales during the last glaciation. Science, 267:1005–
1010.

Broecker, W.S., 1994. Massive iceberg discharges as triggers for globa
mate change. Nature, 372:421–424.

Fillon, R.H., and Duplessy, J.C., 1980. Labrador Sea bio-, tephro-, oxy
isotopic stratigraphy and late Quaternary paleoceanographic trends. Can.
J. Earth Sci., 17:831–854.

Fronval, T. and Jansen, E., 1996. Rapid changes in ocean circulation and
flux in the Nordic seas during the last interglacial period. Nature,
383:806–810.

Grousset, F.E., Labeyrie, L., Sinko, J.A., Cremer, M., Bond, G., Duprat,
Cortijo, E., and Huon, S., 1993. Patterns of ice-rafted detritus in the g
cial North Atlantic (40°–55°N). Paleoceanography, 8:175–192.

Heinrich, H., 1988. Origin and consequences of cyclic ice-rafting in t
northeast Atlantic Ocean during the past 130,000 years. Quat. Res.,
29:143–152.

Henrich, R., 1989. Glacial/interglacial cycles in the Norwegian Sea: se
mentology, paleoceanography, and evolution of late Pliocene to Qua
nary Northern Hemisphere climate. In Eldholm, O., Thiede, J., Taylor, E.,
et al., Proc. ODP, Sci. Results, 104: College Station, TX (Ocean Drilling
Program), 189–232. 

Imbrie, J., and Kipp, N.G., 1971. A new micropaleontological method 
quantitative paleoclimatology: application to a late Pleistocene Car
bean core. In Turekian, K.K. (Ed.), The Late Cenozoic Glacial Ages:
New Haven, CT (Yale Univ. Press), 71–181.

Kellogg, T.B., 1984. Paleoclimatic significance of subpolar foraminifera 
high latitude marine sediments. Can. J. Earth Sci., 21:189–193.

McManus, J.F., Bond, G.C., Broecker, W.S., Johnsen, S., Labeyrie, L., 
Higgins, S., 1994. High-resolution climate records from the North Atla
tic during the last interglacial. Nature, 371:326–329.

Meggers, H., 1995. Pliozän-Quartäe Karbonatsedimentation und Paläz
ographie des Nordatlantiks und des Europäischen Nordmeers-Hinw
aus planktischen Foraminiferengemeinschaften. Berich. FB Geowi
Univ. Bremen, 71:1–143.

Meggers, H., and Baumann, K.-H., 1997. Late Pliocene/Pleistocene calc
ous plankton and palaeoceanography of the North Atlantic. In Hass, C.,
and Kaminski, M.A. (Eds.), Contributions to the Micropaleontology and
Paleoceanography of the northern North Atlantic. Grzybowski Found.
Spec. Publ., 5:39–50.

50-
193



DATA REPORT

ur-
nd
Niebler, H.-S., and Gersonde, R., 1998. A planktic foraminiferal transfer
function for the southern South Atlantic Ocean. Mar. Micropaleontol.,
34:213–234.

Pflaumann, U., Duprat, J., Pujol, C., and Labeyrie, L.D., 1996. SIMMAX:
modern analog technique to deduce Atlantic sea surface temperat
from planktonic foraminifera in deep-sea sediments. Paleoceanography,
11:15–35.

Sarnthein, M., 1971. Oberflächensedimente im Persischen Golf und Golf 
Oman II. Quantitative Komponentenanalyse der Grobfraktion. “Meteo
Forschungsergeb. Reihe C, 5:1–113. 

Wentworth, C.K., 1922. A scale of grade and class terms of clastic s
ments. J. Geol., 30:377–392.
194
 a
ures

von
r”

edi-

Wolf, T.C.W., and Thiede, J., 1991. History of terrigenous sedimentation d
ing the past 10 m.y. in the North Atlantic (ODP Legs 104 and 105 a
DSDP Leg 81). Mar. Geol., 101:83–102.

Date of initial receipt: 8 September 1997
Date of acceptance: 11 June 1998
Ms 162SR-034


	PREVIOUS CHAPTER
	TABLE OF CONTENTS
	NEXT CHAPTER
	13. DATA REPORT: COUNTING EXPERIMENTS ON DIFFERENT SIZE FRACTIONS: EXAMPLES FROM SITE 984
	Robert Huber, Karl-Heinz Baumann, Jürgen Beyer, Jörg Brüning, and Stefan Hüneke
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES
	FIGURES
	Figure 1. Weight percentages of dry bulk sediment from the >150-µm and 125- to 500-µm fractions a...
	Figure 2. Comparison of coarse-fraction data between the 125- to 500-µm and the >150-µm fractions...
	Figure 3. Correlation coefficients between the 125- to 500-µm and the >150- µm fractions.




