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INTRODUCTION 

Gravity cores collected by the U.S. Geological Survey (USGS) south of the 
Aleutian Islands on the floor of the Aleutian Trench (Figure I; Table I) 
recovered multiple oxidized reddish-brown layers within predominantly green 
diatom-bearing silty clay. The oxidized layers occur in hemipelagic mud at the 
tops of turbidites, most of which have coarse-silt bases and grade upward i n t o  
greenish-gray silty clay and clay (Fig. 2). The upper sediment section (1.0 to  
1 .5  m )  that contains the turbidites overlies bioturbated greenish-gray, 
diatom-bearing silty clay that extends to the total depth recovered by the 
gravity cores (ca. 2.4 m). The uppermost oxidized layer is at or within 
several centimeters of the top of the recovered section. 

A survey of the sediment descriptions of all cores collected by 
Larnont-Doherty Geological Observatory (LDGO) between the Aleutian Islands and 
40 '~  shows that south of about 50'~ the sediments down to at least several 
meters consist entirely of red or brown clay (the Red Clay province of Horn and 
others, 1979; Figure 1). North of 50%, however, the sediments are 
predominantly green diatom-bearing clays or silty clay (the Biogenic Ooze 
province of Horn and others, 1979) and commonly were described as containing 
one or more red or brown layers at  some depth below the sediment-water 
interface* We examined the latter cores and sampled 11 of them for geochemical 
analyses (Table 1). This report presents the results of geochemical analyses 
of samples from USGS and LDGO cores, particularly with regard to  differences 
between oxidized (brown) and reduced (green) sediments. 

ANALYTICAL HETEODS 

Fifty-one samples of oxidized and reduced sediment were collected from six 
USGS Aleutian Trench cores (Table 1) as soon as possible after the cores 
arrived a t  the refrigerated care repository in Pala Alto,  California. The 
samples were homogenized and dried at 90'~. Sixty samples were collected from 
11 LDGO cores (Table 1) that had been air dried since the time they were 
collected. Duplicate splits of seven samples (same cruise-core-depth 
designation in Table 3; e.g. V20-118-80cm) were submitted for analysis. All 
samples were submitted for analysis in a random sequence. Concentrations of 30 
major, minor, and trace elements (Al, Fe, Mg, Ca, Na, K, Ti, P, Mn, Ba, Cd, Ce, 
Co, Cr, Cu, Ga, La, Li, Mo, Nb, Nd, N i ,  Pb, Sc, Sr, Th,  V ,  Y, Yb, and Zn) were 
determined by inductively coupled, argon-plasma emission spectrometry (ICP; 
Lichte and others, 1987). The two sample sets (USGS and LDGO) were submitted 
i n  different years so that there are some differences in which elements were 
determined in each of the two sample sets.  In particular, Nb, Nd, and Yb were 
not determined in the earlier (USGS) sample set. Organic carbon was calculated 
by difference between inorganic carbon and to ta l  carbon. Inorganic and total 
carbon were determined using a coulometric carbon analyzer with a precision of 
better than 1% relative deviation (Huffman, 1977). 



ANALYTICAL RESULTS 

Results of geochemical analyses of samples from the six USGS cores are 
given in Table 2 and of samples from the 11 LDGO cores in Table 3. The 
geochemical results show that the red or brown oxidized layers in the North 
Pacific and Aleutian Trench sediments, like those in sediments from the 
Aleutian Basin of the Bering Sea (Gardner and others, 1982), have distinctly 
higher concentrations of manganese and several trace transition elements, 
especially Mo, Co, and Ni. The high concentrations of Zn in several of the 
Lamont-Doherty cores probably is due to drying of the wet sediment in 
galvanized trays. Correlation coefficients between manganese and several other 
elements commonly associated with manganese are given in Table 4 ,  The 
correlations between Mn, Mu, and Co are further illustrated by the scatter 
plots of percent Mn versus ppm Mo and ppm Co in Figure 3. Stratigraphic 
relationships between the concentration of manganese, total organic carbon 
(TOC) and oxidized layers are shown far four USGS Aleutian Trench cores (GI 
through G4) in Figure 4, and for one LDGO North Pacific cores (RC12-177) in 
Figure 5. 

The geochemical profiles o f  the Aleutian trench cores (Fig. 4 )  show that 
the maximum concentrations of manganese decrease in each successively deeper 
brown layer. This decrease in "geochemical intensityff with depth a l so  is 
manifested as a decrease in color intensity of each oxidized layer with depth. 
That is, the upper oxidized layer always is  the  darkest brown and has the 
highest manganese concentration, and the intensity of the brown coloration and 
concentration of manganese decreases with each successively deeper layer until 
the lowest brown layer is barely discernable from the overlying and underlying 
green clay. The decrease in geochemical intensity with depth suggests that the 
iron and manganese in the oxidized layers are being chemically reduced with 
burial. There probably were other oxidized layers at greater depth that Rave 
been completely reduced so that they are no longer recognizable by geochemistry 
or color. The color difference itself is a geochemical signature (Lyle, 1983) 
that usually reflects the difference between oxidized and reduced iron, 
Although there is a change in oxidation state of the  iron between reduced and 
oxidized layers, there is no difference in total iron concentration, and there 
is no correlation between concentrations of iron and manganese (Table 4). 

The oxidized layers in cores from the Aleutian Trench occur at the tops of 
turbidites (Fig. 2) that were deposited at estimated intervals of about one 
thousand years during the transition between Pleistocene to Holocene 
conditions. The oxidized layers i n  the trench cores apparently formed by 
oxidation of the tops of turbidites utilizing dissolved oxygen from oxygenated 
surface waters transported with the turbidites into the poorly-oxygenated 
bottom-waters of the trench. 

We are grateful to Dave Scholl, Tracy Vallier, and Andrew Stevinson for 
first recognizing the oxidized layers in sediment in the Aleutian Trench and 
then collecting the series of cores used for this investigation. We are also 
grateful to Lamont-Doherty Geological Observatory for providing samples from 
their collection of cores from the North Pacific, Helpful comments, 
suggestions, and discussions were provided by Philip Froelich, Jim Herring, 
Margaret Leinen, Mitch Lyle, and John Thornson. 
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Figure 1. Map of the  north-central Pacific Ocean showing the locations of U S .  
Geological Survey (USGS; triangles) and Lamont-Doherty Geological 
Observatory (LDGO; dots) .  Isobaths are in km. Boundary between red 
and green surface sediment is indicated by dashed line. LDGO cores 
north and east of  his Pine with one or more oxidized red layers a t  
depth are circled. 
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Figure 2. Stratigraphic relationships of t u r b i d i t e s ,  oxidized layers, and 
sediment color in USGS cores G2 and G3 from the Aleutian Trench. 
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Figure 4. Plots of weight percent Hn and TOC versus depth within USGS cores G1 
through 64 from the Aleutian Trench. Hachured intervals represent 
the locations of oxidized zones. 
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Figure 5 .  Plots of weight percent Mn and TOC versus depth within LDGO core 
RC12-I77 from the North Pacific* Hachured interval represents the 
location of oxidized zone, 



T a b l e  1.  Locat ions of cores used in this study 

Water No. of 
Core Latitude Longitude depth (m) samples 

- - - - - - . - - - . - - - -- - - 

I?. S. Geological S u m y ,  Cruise L9-81 

GI 50°47 .02 '  I73*14,64'W 7292 

G2 50°48.36 '  173*15.0rw 7200 

63 50°30.34Y73"15. 1 3 ' ~  7214 

G4 50'52.49' 173O15.18'~ 7223 

G7 5 1 ° 1 0 . 6 1 '  174*33.48'E 9585 

G8 5 l"15.25' 174*33.43'E 7210 

Itamoat-Doherty Geological Obsematory 

RCIO-186 5 0 Q I  Z'N 1 7 7 * 1 Y ~  6591 

RCLO-210 50Q48'N 172"38'W 7284 

RC10-213 5 1 ° 4 g q N  167'45'W 7196 

RCI 1-172 52'15'~ 164"521W 4808 

RC12-177 5 l 0 2 S r N  158OL4'13 4826 

RC12-I79 5Z029'N 157OO3'W 4601 

RC14-170TW 52'34'N 137'17'W 3 530 

RC14-152 S3'13'N 157"28'W 4601  

RCl5-4 44"3Q1N 129"21'W 2811 

v20-118 50022'~ 1 7 2 0 ~ 3 ' ~  5360 

V21-166 51°25fN 169°12qW 7103 



Table 2. Geochemical data for USGS Aleutian Trench cores. 

Sample Core Depth X A 1  % Fe % Mg X Ca % Na X K X Ti 
Icn> 



Table 2. Geochemical data f o r  USGS Aleutian Trench cores. 

Sample % P X Mn X TOG ppm Ba ppm Cd ppm Ce ppm Co PPm Cr 







Table  2. Geochemical data f a r  USGS Aleutian Trench cores. 

Sample Core Depth X A1 % Fe % Mg X Ca X Na % K % Ti 
(cm) 



Table 2, Geochemical data for USGS Aleutian Trench cores. 

Sample X P % Mn X TOC ppm Ba ppm Cd ppm Ce PPm Go PPm Cr 



Table 2. Geochemical data for USGS Aleutian Trench cores. 

Sample ppm Cu PPm Ga PPm La ppm Li FPm Mo ppm Ni 



Table 2 ,  Geochemical data for USGS Aleutian Trench cores, 

Sample ppm Pb PPm Sc PPm Sr PPm V PPm Y PPm Zn 



Table 3 .  Geochemical data for Lamont-Doherty Geological Observatory cores from 
the North Pacific. 

Sample Cruise Core Depth X Al % Fe X Mg X Ca X Na % K  % T i  
(cmS 

R C l O  
RClO 
RClO 
RClO 
RClO 

RClO 
RClO 
RClO 
RClO 

RClO 
RClO 
RClO 

RCll 
RCll 
RC11 

RC12 
RC12 
RC12 
RC12 
RC12 
RC12 

RC12 
RC12 
RC12 
RC12 
RC12 
RC12 
RC12 
RC12 
RC12 
RC12 
RC12 
RC12 
RC12 
RC12 
RC12 

RC14 
RC14 
RC14 
RC14 
RC14 
RC14 



Table 3 .  Geochemical data for Larnont-Doherty Geological Observatory cores from 
the North Pacific. 

Sample X P X Mn ppm Ba ppm Cd ppm Co ppm Cr ppm Cu pgm La ppm Mo 



Table  3. Geochemical data for Lamont-Doherty Geological Observatory cores from 
the North Pacific. 

Sample ppm Nb ppm Ni PPm PI3 PPm Sc PPm Sr PPm V PPm I! 



Table 3 .  Geochemical data for Lamont-Doherty Geological Observatory cores from 
the North Pacific. 

Sample ppm Zn ppm Ce PPm Ga ppm Li PPm Th PPm Yb PPm Nd 



Table 3 .  Geochemical data for Lamont-Doherty Geological Observatory cores from 
the North Pacific. 

Sample Cruise Core Depth % A1 X Ee % Mg X Ca % Na % K  % T i  
(cm) 



Table 3 .  Geochemical data for  Lamont-Doherty Geological Observatory cores from 
the North Pacific. 

Sample % P % M n  ppmBa ppmCd ppm CO ppmcr ppmcu PpmLa PPmMo 



Table 3 .  Geochemical data fur Lamant-Doherty Geological Observatory cores from 
the North Pacific. 

Sample ppmNb ppm Ni PPm Pb PPm Sc PPm Sr P P m V  P P m Y  



Table 3 .  Geochemical data for Lamont-Doherty Geological Observatory cores from 
the North Pacific. 

Sample ppm Zn ppm Ce PPm Ga ppm Li PPm Th PPm yb PPm Nd 



Table 4 ,  Correlation coefficients between 
concentrations of Mn andd selected 
elements in samples from Aleutian 
Trench and North Pacific. 

Aleutian North 
Element Trench Pacific 


