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Abst rac t - -Twenty- three  deep-sea surface sediments collected from the Central Pacific across a latitudi- 
nal transect at 175°E from 48°N to 15°S were studied for lipid class compounds including C25-C36 n- 
alkanes, C24-C2s fatty alcohols, and C23-C~ fatty acids, which are derived from terrestrial higher plants. 
Although all of these terrestrial biomarkers were most likely transported long distances in the atmosphere 
over the Central Pacific, their latitudinal distribution patterns are specific to each compound group, n- 
Alkanes (C25-C36) are most abundant in the highest latitude (48°N) and gradually decrease toward the 
lower latitude (13°N). Fatty alcohols (C24-C2s) rapidly decrease from 48°N to 30°N and stay relatively 
low in the lower latitudes. By contrast, abundances of fatty acids (C23-C34) are relatively high in the 
lower latitudes, although they increase from mid to high latitudes of the Northern Hemisphere. In 
addition, distributions of n-alkanes (C25-C36) in 48°N - 19°N are characterized by CPI (carbon preference 
index) of 4 .9-8.2  (av. 6.6), which are significantly higher than those (1.9-4.9; av. 2.8) in the low 
latitudes ( 15°N - 15°S ). These latitudinal patterns of terrestrial biomarkers in the Central Pacific sediments 
are generally interpreted in terms of the different wind regimes between high and low latitudes; that is, 
distributions of organic molecules transported from Asia to the North Pacific by westeries are different 
from those by trade winds which transport aerosols from Central and South Americas to the tropical 
Pacific. Copyright © 1997 Elsevier Science Ltd 

1. INTRODUCTION 

Deep-sea sediments in the Central Pacific are largely com- 
posed of minerals of continental origin (Rex and Goldberg, 
1958; Griffin et al., 1968; Windom, 1975). During the 
SEAREX (Sea-Air Exchange) Program in 1980s, extensive 
studies of remote marine aerosols demonstrated that the at- 
mosphere plays an important role in the transport of conti- 
nentally-derived organic and inorganic materials over the 
Pacific (e.g., Gagosian et al., 1981; Uematsu et al., 1985; 
Duce, 1989). Although rivers transport a larger amount of 
terrestrial materials to the ocean than the atmosphere, they 
are mostly trapped in the estuaries and the continental 
shelves (Chester, 1990). In contrast, atmospheric transport 
is crucial in open ocean in terms of a geochemical link 
between continents and ocean. Thus, some portion of organic 
matter buried in pelagic sediments is composed of terrestri- 
ally derived organic compounds (e.g., Prahl et al., 1989; 
Kawamura, 1995). However, our knowledge on the source 
of many organic compounds in the deep-sea sediments is 
still poor and sometimes uncertain. 

The higher molecular weight lipid compounds such as 
C25-C36 n-alkanes, C24-C2s fatty alcohols, or Cz3-C34 fatty 
acids have been reported in remote marine aerosols and deep- 
sea sediments (e.g., Simoneit, 1977; Gagosian et al., 1981; 
Schneider and Gagosian, 1985; Kawamura, 1995). These 
compounds are characteristically biosynthesized by terres- 
trial higher plants as leaf epicuticular waxes (Eglinton and 
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Hamilton, 1967; Caldicott and Eglinton, 1973; Tulloch, 
1976; Harwood and Russell, 1984). These results have led 
to an idea that the lipid class compounds stored in the pelagic 
sediments imprints information of aerosol source regions as 
well as in the atmospheric circulation patterns (Simoneit, 
1977; Gagosian and Peltzer, 1986; Kawamura, 1995). In 
fact, lipid class compounds in pelagic sediments have been 
used as terrestrial biomarkers in many studies on paleocli- 
mate (e.g. Prahl et al., 1989; Madureira et al., 1995). How- 
ever, spatial distributions of these terrestrial biomarkers in 
the open ocean have not been investigated, although such 
studies will provide fundamental knowledge for better use 
of organic compounds as climate indicators. 

In this study, we collected twenty-three surface sediments 
from the Central Pacific across a latitudinal transect at 175°E 
from 48°N to 15°N. The sediment samples were analyzed 
for the lipid class compounds including n-alkanes, fatty alco- 
hols, and fatty acids. Here, we focus on the terrestrially- 
derived lipids and present their spatial distributions on the 
deep-sea floor of the Central Pacific. The latitudinal distribu- 
tions of terrestrial biomarkers are discussed in terms of a 
long range atmospheric transport. 

2. EXPERIMENTAL 

2.1. Sediment Samples 

Deep-sea surface sediment samples (0-2 or 0-4 cm) were col- 
lected with a box corer from the Central Pacific during the RtV 
Hakurei Maru cruises in 1992 and 1993 along the 175°E transect 
from 48"N to 15°S (Table 1, Fig. 1 ). Most samples were recovered 
from water depths greater than 4500 m and are composed of red 
clays, while a few samples were collected from depths shallower 
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Table 1. Summary of analytical results of pelagic sediments collected from the Central Pacific (175°E). 

n-Alkanes Fatty alcohols Fatty acids 
Water C/N 
depth CaCO3 TOC ratio C25-C36 CPIALK** C_~4-C28 CPIALc** ALC/ Cz3-C34 CPI~,.~** FA/ 

Sample Latitude (m) (%) (%: cfds)* (tool.) (#g/g cfds) (C25-C~,,l (,ug/g cfds/ (C2~-C:8) ALK" (,ug/g cfds) (C23 C34) ALK "~ 

NB78 48°06'N 5334 0 0.56 9.47 1.36 4.88 1.64 8.62 1.25 5.19 5.54 3.8 
NB77 45°58'N 5317 0 0.55 8.41 1.25 5.12 1.29 8.77 1.06 3.78 4.73 3.0 
NB76 43°00'N 5906 0 0.59 11.0 1.10 5.95 1.17 8.59 1.11 4.21 4.86 3.8 
NB75 40°00'N 4854 0 0.56 9.10 1.01 6.39 0.80 7.74 0.88 4.11 5.77 4.1 
NB74 37°30 'N 5065 0 0.61 9.42 1.03 7.94 0.96 7.70 0.98 4.06 5.95 3.9 
NB73 35°15 'N 4952 0 0.60 8.98 0.91 7.31 0.70 9.18 0.82 3.92 5.90 4.3 
NB72 33°00 'N 4633 0 0.47 8.09 0.75 7.34 0.60 7.90 0.84 2.68 6.18 3.6 
NMC2 30°00'N 5410 0 0.43 5.45 11.911 6.23 0.37 4.13 0.42 3.68 4.80 4.1 
NB70 27°04'N 5814 0 0.28 5.42 0.54 6.31 0.36 5.62 0.71 2.09 4.22 3.9 
NB69 24°00'N 5741 0 0.24 4.77 0.36 6.91 0.28 5.25 0.79 1.93 3.68 5.4 
NMCI 19°00'N 4026 19.3 0.27 4.50 (I.12 8.16 I).17 6.64 2.20 1.19 5.62 9.8 
NB67* 15°00'N 5181 0 0.27 5.10 0.27 2.61 0.23 8.68 0.90 1.33 3.72 4.9 
NB66 12°54'N 5640 0 0.26 7.55 0.04 2.52 0.10 7.44 2.75 1.10 3.66 26.7 
NB65 09°59'N 5461 0.7 0.32 5.27 0.08 2.37 0.26 2.63 3.77 4.54 3.39 60.6 
NB64 07°56'N 5338 1.8 0.44 7.87 0.07 2.59 0.20 4.08 3.23 3.06 3.79 41.9 
NB63 05°05'N 5119 1.2 0.49 7.43 0.13 2.47 0.22 2.68 1.94 2.98 3.96 23.7 
NB62 03°00'N 5005 18.1 0.61 9.21 0.10 2.62 0.18 4.27 2.01 2.92 4.20 30.4 
NB61 00°00'N 4881 47.9 0.92 8.23 0.11 2.66 0.32 3.87 3.75 4.43 4.48 39.2 
NGC43 02°00'S 4720 74.3 1.40 10.4 0.09 2.96 (I.28 4.00 3.94 3.77 4.27 41.9 
NB60* 05°00'S 5438 0 0.44 6.68 0.18 3.32 0.22 6.69 1.27 2.85 3.67 16.3 
NB59* 07°00'S 5493 0 0.48 6.92 0.17 4.92 /).25 4.88 1.57 2.64 3.68 15.9 
NB57 12°02 'S  3143 89.9 1.97 10.4 0.19 1.88 0.58 4.51 3.13 4.66 5.03 24.0 
NB56 14°59 'S  3022 36.6 0.25 15.0 0.03 2.61 0.1 I 14.9 4.80 0.63 4.94 22.4 

* Surface 4 cm was analyzed. 
* cfds: CaCO3 free dry sediment. 
** Carbon preference indices are defined as follows: CPIALK -- 2 X Sum odd(C25-C35//(Sum even(C24-C~4) + Sum even(C~6-C36 )), CPIALc = Sum even(C24- 

C2~)/Sum 0dd(C23-C27), CPIFA = 2 × Sum even(C24-C34)/(Sum odd(C23-C~0 + Sum 0dd(C25-C~5). 
# ALC/ALK = (Sum C24-C2s fatty alcohols)/(Sum C2~-C36 n-alkanes). 
'~ FA/ALK = (Sum C23-C3~ fatty acids)/(Sum C25-C36 n-alkanes). 

than the carbonate compensation depth. The sediments were stored 
in a freezer at -5°C until analysis. 

2.2. Extraction and Separation of Lipids 

Prior to solvent extraction, two internal standards ( 1.78 #g of n- 
Cj9 fatty alcohol and 1.70/~g of iso-Czj fatty acid) were spiked in 
the wet sediments (5 -10  g). Lipids were extracted from the sedi- 
ments with 30 mL methanol, 60 mL CH2Cl2/methanol (7:1), and 
60 mL CH2Cl2/methanol (10:1 ) using both homogenizer (20 min) 
and ultrasonicator (20 min). Solvent extracts were separated on 
Whatman GF/A filter and were combined. Extracts were washed 
with 50 mL of 0.15 M HCI to remove salts contained in the interstitial 
water of the sediments. The HC1 solution was back-extracted with 
CH2C12 (50 mL × 2). The combined extracts were concentrated to 
about 1 mL using a rotary evaporator (<35°C),  and then saponified 
with 70 mL of 0.5 M KOH/methanol for two hours under reflux. 
The saponified fraction was concentrated to 3 mL by a rotary evapo- 
rator under reduced pressure and transferred to a 50 mL test tube to 
which 15 mL redistilled water was added. 

Neutral components were separated from the saponified fraction 
in the test tube by extraction with CH2Cl2/n-hexane (10:1, 11 mL 
x 2). They were further divided into four subfractions on a Pasteur 
pipet column packed with silica gel (BIO-SIL A, 200-400 mesh) 
which was deactivated with 1% water. Aliphatic hydrocarbons (N- 
1), polynuclear aromatic hydrocarbons (N-2),  ketones and alde- 
hydes (N-3),  and fatty alcohols and sterols (N-4) were eluted with 
n-hexane (4 mL), n-hexane/CH2C12 (2:1, 2 mL), CH2C12, (5 mL), 
and CHzCl2/methanol (95:5, 5 mL), respectively. The N-4 fraction 
was treated with bis-trimethyl-silyl-trifluoroacetamide (BSTFA) 
prior to gas chromatographic analysis. 

Carboxylic acids were then separated by extraction with CH2C12 
(15 mL x 3) after the remaining solution was acidified to <pH2 
with 7 mL of 6 M HCI. They were derivatized to methyl esters with 
0.5 mL 14% BF3/methanol at 100°C for 30 rain and the esters were 
washed with redistilled water (10 mL × 3). The acidic lipids were 
separated into three subfractions on the silica gel column; monocar- 

boxylic acid methyl esters (A-1), dicarboxylic acid and ketoacid 
methyl esters (A-2), and hydroxy acid methyl esters (A-3) by elut- 
ing with n-hexane/CH2C12 ( 1:2, 5 mL), CH2Cl2/ethyl acetate (98:2, 
3.5 mL), and CH2Clflmethanol (95:5, 4 mL), respectively. 

2.3. Gas Chromatography and GC/MS Analyses 

Gas chromatographic analyses were performed with a Carlo Erba 
6000 gas chromatograph (GC) equipped with an on-column injector, 
an HP-5 fused silica capillary column (25 m × 0.32 mm i.d.; 0.52 
#m film thickness), and an FID detector. Hydrogen was used as a 
carrier gas and the oven temperature was programmed from 70°C 
( I rain) to 320°C (30 rain) at 6°C/rain. The GC peaks were pro- 
cessed using a Shimadzu Chromatopac C-R7A integrator. 

A GC peak identification was conducted by comparing gas chro- 
matographic retention times and mass spectra with those of authentic 
standards and/or those published in literatures (e.g., Budzikiewicz 
el al., 1967; Philp, 1985 ). GC-mass spectrometry (GC/MS ) analyses 
were performed with a Finnigan MAT ITS-40 system installed with 
HP-5 fused silica capillary column (30 m × 0.25 mm i.d.; 0.25 #m 
film thickness). Helium was used as a carrier gas and the GC oven 
temperature was programmed from 50°C ( 1 rain) to 310°C (40 rain) 
at 6°C/rain. 

Recoveries of lipids in the analytical procedures were checked by 
using both internal and external standards. Internal standard recover- 
ies for C~9 fatty alcohol and iso-C21 fatty acid averaged 89.9 _+ 6.6% 
(lo-, n = 22) and 73.1 ± 4.9% ( l a ,  n = 2 2 ) ,  respectively. The 
concentrations of fatty alcohols and fatty acids reported here were 
corrected for the recoveries. The concentrations of aliphatic hydro- 
carbons contained in N-I fraction were not corrected, because the 
recoveries of n-alkanes were better than 95% (Ohkouchi, 1995). 
Several blank experiments that were performed in parallel with sam- 
ple analyses showed no serious contaminations (Ratios of blank to 
sample are usually <3% for C25 n-alkanes and C24 fatty acids). 
Triplicate analyses of composite sediments showed that the analyti- 
cal errors in the experiments were 5.2% for C3~ n-alkane and 2.1% 
for C~ fatty acid. 
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Fig. 1. The location of surface sediments collected along the 1750E transect from 480N to 15°S. 

2.4. Carbon, Nitrogen, and Carbonate 

Wet sediments (4-5 g) were dried at 500C in an oven for 24 h. 
The dried samples were ground to a fine powder in an agate pestle. 
A small fraction was placed on a ceramic boat and treated with HC1 
vapor overnight in a desiccator to release carbonate carbon (M. 
Yamamuro and H. Kayanne, pers. commun.). Carbon and nitrogen 
measurements were performed by a Yanagimoto MT-5 CHN ana- 
lyzer. Calcium and aluminum contents were determined by X-ray 
fluorescence spectrometry (Ohkouchi, 1995). CaCO3 concentrations 
of the sediments were calculated from Ca contents after subtracting 
an aluminosilicate Ca component from it. In this study, Ca/AI ratio 
in aluminosilicate is assumed to be the averaged crustal value of 
0.345 (Turekian and Wedepohl, 1961 ). 

3. RESULTS 

3.1. TOC, C/N Ratio, and Carbonate 

Total organic carbon (TOC) contents ranged from 0.16 
to 1.97% of CaCO3 free dry sediments (hereafter referred 
as cfds). The latitudinal distribution of TOC shows relatively 
high values at around 48°N-35°N and large spikes at 2°S 
and 12°S (Fig. 2). Lower values were observed in the mid 
latitude ( 260N - 14°N). The C / N (total organic carbon / total 
nitrogen) molar ratios ranged from 4 to 13 with maxima in 
the higher latitudes (480N-30°N and 14°S) and around the 
equator. Ammonium nitrogen contents in the clay minerals 
may control C/N ratios of these sediments (Mailer, 1977), 
being consistent with the result that K contents (as a relative 
measure of illite) are inversely correlated with C/N ratios 
(N. Ohkouchi, unpubl, results). Two-thirds of the sediment 

samples indicate the CaCO3 contents of nearly zero (Table 
1 ), being consistent with that most samples were collected 
in the ocean floor deeper than 4500 m. However, CaCO3 
contents of two samples (2°S and 12°S) are higher than 70%. 

3.2. C2s-C~ n-Alkanes 

Normal alkanes ranging from C14 to C36 were detected in 
the sediments. Their molecular distributions show an odd 
carbon number predominance with a peak generally at C3~ 
(Fig. 3a). Concentrations of the higher molecular weight 
(HMW) n-alkanes (C2s-C36) were in a range of 0.03-1.36 
#g/g-cfds (Table 1). As seen in Fig. 4a, their latitudinal 
distribution exhibits a characteristic feature: that is, concen- 
trations of HMW n-alkanes are low (av. 0.12 #g/g-cfds) in 
the low latitudes (15°N - 15°S), but increase gradually from 
19°N to 48°N (av. 0.85 #g/g-cfds) and reached to a maxi- 
mum (1.36 #g/g-cfds) in the subarctic region (48°N). Car- 
bon preference index of HMW n-alkanes (CPIALK) were 
defined as follows: 

CPIALK = 2 X ~ odd (C25-C35) 

[ ~ even (C24-C34) + ~'. even (C26-C36) ] 

CPIALK values are higher (4.9 to 8.2, av. 6.6) in the mid and 
high latitudes (48°N-19°N), while they are lower (1.9 to 
4.9, av. 2.8) in low latitudes (15°N-15°S; Fig. 4b, Table 
1 ). A large gap of the CPIALK observed between 19°N and 
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Fig, 2. Latitudinal distributions of total organic carbon (TOC) content (wt%), C/N atomic ratio for surface 
sediments along 175°E transect. 

350" 

¢=  

300" 

~, 250- 
o) 

200, 
150, 

~ s o  

0- 
15 17 19 21 23 25 27 29 31 33 35 

C-number 

8000 

600 

¢q 
4O0 

I L  

12 14 16 18 20 22 24 26 28 

C-number 

(c) 

.~ 150o 

O ~  

~c1oo> 1000 

+ j ,  ~ 500 

0 
12 14 16 18 20 22 24 26 28 30 32 34 

C-number 

Fig. 3. Chain-length distributions of (a) n-alkanes, (b) fatty alco- 
hols, and (c) fatty acids in the NB78 sediments (48°N). 

15°N indicates that molecular distributions of HMW n-al- 
kanes dramatically change around 17°N (Fig. 4b),  a point 
to be discussed later. 

3.3. Cz4-C~s Fat ty  Alcohols 

Straight-chain saturated fatty alcohols ranging from Cl2 to 
C28 were detected in the samples (Fig. 3b). Their molecular 
distributions are characterized by a strong even carbon num- 
ber predominance with a maximum at C26. Although small 
quantities of C29 and C3o fatty alcohols (the concentration 
of C30 fatty alcohol is generally less than 20% of that of C28) 
were also detected, precise quantification of these com- 
pounds was not available due to the overlapping peaks on 
the gas chromatograms. Concentrations of higher molecular 
weight (HMW) fatty alcohols (C24-C28) are low (0.1-0.5 
#g/g-cfds)  in the low and mid latitudes but increased in the 
higher latitudes of the Northern Hemisphere and reached a 
maximum in the subarctic region (48°N: 1.6 #g/g-cfds, Fig. 
5a). Carbon preference index of HMW fatty alcohols (CPI- 
ALe) were defined as follows: 

Total Czs-C~ n-alkanes 
(~g/g-crds) 
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50"I',I '40 1 . . . .  (S) = . . . .  j J l - "  . . . .  = (b) ~ "0  0 

~ "---~--"+:" ~++'+'~"° .. o , o .  

+ ,:++="+- °!21 10 -:~ 1"~ o 
2 0 " S 1  , . . . , ' ' ~ , , . ' . , , . . , . . , ,  I ' I ' T ' "  I ' '  ' I  ' "  ' I  ' '  ' I  ' '  • 

0 2 4 6 8 10 12 

CPI of Cms-Cae n-alkanes 

Fig. 4. The latitudinal distributions of (a) concentrations of higher 
molecular weight n-alkanes (HMW: C2~-C35) as normalized by the 
weight of CaCO3 free dry sediment (cfds) and (b) carbon preference 
index of C25-C36 n-alkanes (CPIALK). CPIALK is calculated by the 
above equation. 
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CPIALc = ~ even (C24-C28)/~'~ odd (C23-C27) 

The latitudinal distributions of CPIALc varies in the regions 
of 32°N-30°N, 12°N-10°N, and 12°S-15°S (Fig. 5b). 

3.4. C2a-C34 Fatty Acids 

Straight-chain saturated C12-C34 fatty acids were detected 
in the sediments. Their molecular distributions exhibit an 
even carbon numbered predominance with two maxima at 
C~6 and C26 (Fig. 3c). The concentrations of higher molecu- 
lar weight fatty acids (HMW: C23-C34 ) ranged from 0.6 to 
5.2 #g/g-cfds. Their concentrations gradually decreased 
from 48°N to 13°N, increased significantly at 10°N, and 
stayed relatively high in the lower latitudes between 10°N 
and 12°S (Fig. 6a). Although latitudinal distribution of 
HMW fatty acids in the higher latitudes (20°N-48°N) is 
similar to that of HMW n-alkanes, they are quite different 
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Fig. 6. The latitudinal distributions of (a) concentrations of higher 
molecular weight fatty acids (HMW: C23-C34) as normalized by the 
weight of CaCO3 free dry sediment (cfds) and (b) carbon preference 
index of C 2 3 - C 3 4  fatty acids (CPIFA). CPIFA is calculated by the 
above equation. 

in the lower latitudes. Carbon preference index of HMW 
fatty acids (CPIFA) were defined as follows: 

CPIFA = 2 × T, even (C24-C34)/ 

[ ~"~ odd (C23 - C33) + ~7~ odd (C25-C35) ] 

CPIFA values are relatively low (av. 3.9) in the lower lati- 
tudes (15°N-8°S) compared to those (av. 5.2) in the higher 
latitudes (48°N-19°N),  although they highly fluctuate 
(Fig. 6b). 

4. DISCUSSION 

4.1. Relative Abundances of Terrestrial Biomarkers 

High abundances of terrestrial biomarkers (as HMW n- 
alkanes, HMW fatty alcohols, and HMW fatty acids) de- 
tected in the sediments from mid-to-high latitudes of the 
Northern Hemisphere suggest a long-range atmospheric 
transport of terrestrially-derived organic compounds over the 
northern North Pacific Ocean. Differences were observed, 
however, in the latitudinal distributions among them. HMW 
fatty acids showed relatively high concentrations in lower 
latitudes between 10°N and 12°S (Fig. 6a), being conspicu- 
ously different from the case of HMW n-alkanes. The con- 
centration ratios of total HMW fatty acids to total HMW n- 
alkanes (hereafter we refer the ratios as FA /A L K )  ranged 
from 3.0 to 9.8 in higher latitudes (48°N-15°N), while the 
ratios varied and largely increase up to 61 in the lower 
latitudes (13°N-15°S; Fig. 7b; Table 1). A similar pattern 
is also observed in the latitudinal distribution of ALC/ALK 
ratios (concentration ratios of total HMW fatty alcohols to 
total HMW n-alkanes) with an amplitude smaller than that 
of FA/ALK ratios (Fig. 7a). 

Relative abundances of three kinds of terrestrial biomark- 
ers are plotted in a triangular diagram as shown in Fig. 8. 
Most plots seem to fall in two groups, suggesting surface 
sediments are distinctive in terms of relative abundances 
of terrestrial biomarkers. Sediment samples recovered from 
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Fig. 7. The latitudinal distributions of (a) HMW fatty alcohols/ 
HMW n-alkanes ratio (ALC/ALK ratio: (Sum C2~-C_~s fatty alco- 
hols)/(Sum C2s-C~ n-alkanes)) and (b) HMW fatty acids/HMW 
n-alkanes ratio (FA/ALK ratio: (Sum C_~3-C~4 fatty acids)/(Sum 
C25-C~6 n-alkanes ) ). 

higher latitudes (48°N-15°N) fall in category A, which is 
characterized by relatively high abundances of HMW n- 
alkanes and HMW alcohols, whereas those from lower lati- 
tudes ( 12°N - 12°S) belong to category B, which is character- 
ized by relatively high abundances of HMW fatty acids. On 
the other hand, samples from 19°N (NMC1) and 15°S 
(NB56) are tbund to be in between these two categories, 
suggesting that they are a mixture of two components. Inter- 
estingly, the sediment samples of category A were all col- 
lected in the northern North Pacific, where westerly winds 
dominate through all seasons. In contrast, the samples of 
category B were recovered from the equatorial and sub- 
equatorial Pacific, where trade winds are more significant. 

4.2. T r a n s p o r t  a n d  D e p o s i t i o n  M e c h a n i s m s  of 
T e r r e s t r i a l  O r g a n i c  A e r o s o l s  

As a possible cause for the difference in the relative abun- 
dances of terrestrial biomarkers in categories A and B, aero- 
sol source regions should be the most important factor. West- 
eries over the North Pacific transport continental aerosols 
mainly released from Asia, while trade winds transport those 
from North and Central Americas (e.g., Gagosian and Pelt- 
zer, 1986). Relative abundances of terrestrial biomarkers 
may be different between aerosols from Asia and Americas, 
although no data is available at this moment. 

Alternatively, different scavenging processes of these 
compounds as a result of physicochemical properties may 
partly control their deposition flux from the atmosphere to 
the sediments. Gagosian and Peltzer (1986) suggested that 
fatty acids are much more efficiently scavenged from the 
atmosphere than n-alkanes and fatty alcohols in the cloud 
and rain processes. In contrast, fractionation between com- 
pound classes could be less important during dry deposition 
processes. Thus, HMW fatty acids relative to HMW n-al- 
kanes may be much more efficiently scavenged from the 
atmosphere by wet precipitation than dry deposition. Actu- 
ally, the FA/ALK ratios reported in rain water at Enewetak 
Atoll are about fifteen times higher than those in dry deposi- 
tion (Gagosian and Pettzer, 1986). Meteorological studies 

suggest that Intertropical Convergence Zone (ITCZ) is lo- 
cated around 10°N - 15°N in spring-to-summer season when 
large amount of Asian aerosols are transported over the 
North Pacific, and annual precipitation rapidly increases 
from less than 1000 mm/y in the mid-latitude to nearly 3000 
mlrdy around ITCZ (Terada and Hanzawa, 1984; Merrill, 
1989). This consideration is also consistent with the result 
of latitudinal distribution of ALC/ALK ratios which is simi- 
lar to that of FA/ALK ratio (Fig. 7). 

The HMW fatty acids are biosynthesized by some diatoms 
( Volkman et al., 1980), which potentially increase FA/ALK 
ratios in the sediments where diatoms are major primary 
producers. However, algal distributions in contemporary sur- 
face ocean do not show any major floral changes in 10°N _ 
15°N (Round, 1981 ), where FA/ALK ratios increased sig- 

nificantly. Moreover, in these latitudes TOC contents in the 
sediments do not show a marked change (Fig. 2), and micro- 
scopic observation of the sediments show no sign of a major 
ecological change. If diatoms largely contribute to the sedi- 
mentary HMW fatty acids, the FA/ALK ratios should in- 
crease in high latitudes of the North Pacific where diatoms 
are important primary producers (Round, 1981 ). However, 
such an increase was not observed (Fig. 8). Therefore, we 
think that marine organisms did not contribute to at least 
major portion of the HMW fatty acids in the sediments from 
low latitudes. 

A large gap of CPIALK was observed between 19°N and 
15°N (Fig. 4b), which is corresponding to the boundary 
between westerly and trade wind regimes. Based on the aero- 
sol studies at Enewetak Atoll ( l I °20 'N ,  162°20'E), Gago- 
sian and Pehzer (1986) reported that atmospheric transport 
of continental n-alkanes are dominated by westeries in late 
winter to spring, whereas the transport through trade winds 
is more important in summer. Changes in meteorological 
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Fig. 8. Triangular plots of relative compositions of HMW n- 
alkanes, HMW fatty a]coho]s, and HMV~ fatty acids detected in the 
Centra] Pacific sediments. 
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conditions may cause the differences in the source and quali- 
ties of aerosols. It is reasonable that ALC/ALK and FA/ 
ALK ratios and CPIALK in the sediments differ significantly 
between north and south of the boundary latitude. 

4.3. Differences in Latitudinal Distribution Between 
Terrestrial Biomarkers and Mineral Dusts 

Interestingly, the latitudinal distributions of terrestrial bio- 
marker groups (Figs. 4a, 6a, 8a) are different from those of 
other terrestrial signals such as sedimentary quartz (Rex and 
Goldberg, 1963; Griffin et al., 1968), 21°pb in surface water 
(Nozaki and Tsunogai, 1973), and atmospheric mineral 
dusts (Uematsu et al., 1985), which showed the highest 
concentrations in the mid latitude (30°N-40°N). Different 
distributions between biomarkers and these inorganic param- 
eters in the North Pacific could be ascribed to the difference 
in the production, transport, and deposition processes of 
aerosols which contain various components. Mineral aero- 
sols in the marine atmosphere over the North Pacific Ocean 
are mainly derived from the soils in East Asian arid and 
semiarid areas where intense sandstorms occur in late winter 
to early summer (e.g., Duce et al., 1980; Uematsu et al., 
1983; Betzer et al., 1988). In contrast, atmospheric lipid 
molecules could exist as small fragments of vascular plants 
or waxy materials which are produced by the wind stress to 
the plants (Delaney et al., 1967; Simoneit, 1977) as well as 
a form attached on the surface of soil dust particles. It is 
likely that the source regions of lipid-rich aerosols are not 
confined to the East Asian deserts, rather are emitted from 
various areas including Siberia. 

Furthermore, aerosol-size distribution is responsible for 
the fractionation between lipid components and mineral 
dusts. Zenchelsky et al. (1976) reported that during a dust 
storm event organic matter is enriched in smaller aerosol 
particles whose diameters are usually less than 1 #m. In fact, 
lipids are abundantly present in submicron particles in the 
remote marine atmosphere (e.g., Schneider and Gagosian, 
1985). In contrast, the median diameter of mineral aerosols 
was reported to be several micrometers in open Pacific region 
(Duce et al., 1983; Arimoto et al., 1985). Betzer et al. 
(1988) observed quartz particles whose diameters are as 
large as several hundred micrometers in the marine atmo- 
sphere over the mid-Pacific. Hence, it is reasonable that a 
maximum concentration of larger size mineral aerosols is 
located in the Central Pacific sediments beneath the strong 
westeries around 30°N-40°N, while smaller size lipid-rich 
particles stay in the atmosphere longer than the mineral parti- 
cles (Slinn and Slinn, 1980). These fine organic aerosols 
are transported to the higher latitudes up to the Arctic and 
subarctic regions whose ambient temperatures are low 
enough to act as a cold sink. 

5. CONCLUSIONS 

1) Higher molecular weight (HMW) n-alkanes (C25- 
C36), fatty alcohols (C24-C28), and fatty acids (C23-C34) were 
detected in the pelagic sediments across a latitudinal transect 
at 175°E from 48°N to 15°S, indicating that continentally 
derived organic compounds are widely distributed in the 

sediments from the Central Pacific by a long range atmo- 
spheric transport. 

2) Concentrations of these terrestrial biomarkers in mid 
and high latitudes (48°N-20°N) gradually increase forward 
to the higher latitudes and exhibit maxima at 48°N, sug- 
gesting that a large amount of lipid-rich particles are trans- 
ported over the high latitudes of Central Pacific. 

3) In lower latitudes (15°N-15°S), concentrations of 
HMW n-alkanes and HMW fatty alcohols stayed low. How- 
ever, HMW fatty acids exhibited high concentrations which 
are comparable to those in the higher latitudes. 

4) Triangular plots of relative abundances of three terres- 
trial biomarker groups in the Central Pacific sediments 
showed a presence of two categories; one is located in the 
higher latitudes (15°N-48°N) and the other is in the low 
latitudes (12°N - 12°S). This difference is best explained in 
terms of wind regimes and/or aerosol source regions. Sedi- 
ments in the higher latitudes are influenced by the westerlies 
which transport Asian aerosols containing high contents of 
HMW n-alkanes. In contrast, low latitudinal sediments re- 
ceive a large amount of HMW fatty acids, which are likely 
transported by trade winds from Americas. 

The latitudinal distributions of the terrestrial biomarkers 
in the Northern Hemisphere is different from those of min- 
eral dusts reported in the Central Pacific, which showed 
maximum in the mid latitudes around 30°N to 40°N. The 
difference between mineral dusts and terrestrial biomarkers 
could be ascribed to the difference in aerosol size distribu- 
tions, with the latter being present in submicron aerosol parti- 
cles which stay longer in the atmosphere than larger mineral 
particles. 
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