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The Blanco Trough, a deep depression located in the Blanco

Fracture Zone near the intersection with the Juan de Fuca Ridge,

contains unusual manganese-enriched layered sediments. Due to the

Blanco Trough's bathymetric isolation and confinement, and its

location in a tectonically active zone, three hypotheses concerning

the origin and cause of the manganese enrichment are investigated.

Hydrogenous precipitation, periodic change from anoxic to oxic

conditions, and hydrothermal emanations form the basis of the three

hypotheses. The physical properties of size and bulk density, the

silt-size and clay-size mineralogy, and extensive geochemistry,

including a leaching technique, are used in an effort to establish

which of these hypotheses is most probable. Low trace metal con-

tent and a basalt-like rare earth element pattern in the leachable
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phase, along with a Mn accumulation rate of 39 mg/cm2/103 yr,

strongly suggest the hydrothermal hypothesis as most feasible and

help invalidate the other hypotheses. This study also suggests that

besides the hydrothermal Mn enrichment, the sediments of the

Blanco Trough are strongly influenced by volcanic ash and biogenic

debris when compared to the sediments in neighboring environments.

Mechanisms for the highly variable Mn/Fe ratios found in this

hydrothermal deposit lead to a proposed hydrothermal circulation

model that maybe applicable to fracture zones in general.
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THE MANGANESE-ENRICHED SEDIMENTS OF THE
BLANCO TROUGH: EVIDENCE FOR HYDROTHERMAL

ACTIVITY IN A FRACTURE ZONE

INTRODUCTION

The brown layered sediments of the Blanco Trough present a

stark contrast to the homogenous olive grey sediments of the environ-

ments surrounding the Blanco Trough (see Duncan, 1968 and Phipps,

1974 for regional sediment studies). Therefore, a preliminary

geochemical study was undertaken to determine the cause of the

layering. The results indicated that the layering was due to color

banding from variations in manganese content.

Affectionately called "the Hole, " the Blanco Trough is oceano-

graphically, a small feature, but it may provide important clues in

a better understanding of the geochemistry of manganese in the marine

hydrothermal environment. The study of the marine geochemistry of

manganese has fascinated oceanographers and geochemists since at

least the historic Challenger expedition of the 1870's (Murray and

Renard, 1891), but this fascination has yet to explain all of the varia-

tions in manganese deposits found in the world oceans.

The marine geochemical behavior of manganese is dominated by

the ability of manganese to change readily from an oxidation state of

+2 to +4, and back, depending upon slight changes in the oxidation-

reduction potential or the pH state of the environment (Stumm and
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+2Morgan, 1970). Reduced Mn is soluble in seawater provided the

water is lacking in oxygen, but in the presence of oxygen, the Mn+Z

oxidizes to Mn+4 and precipitates out as some form of Mn02

(Krauskopf, 1957). This fundamental behavior of manganese in the

marine environment is the basis of authigenic precipitation of nodules

and crusts (Barnes, 1967), the remobilization of manganese buried

by sedimentation (Lynn and Bonatti, 1965), the precipitation of man-

ganese at the anoxic-oxic boundary of a stratified water column

(Spencer and Brewer, 1971) and the precipitation of manganese from

hydrothermal solutions (Zelenov, 1964).

The origin of the Mn material inthe Blanco Trough and the cause

of the layering must be controlled by this behavior of Mn. Before in-

vestigating the origin and cause of these Mn-layered sediments, a better

understanding of the Blanco Trough and its sedimentation is needed.

Tectonic Setting of the Blanco Trough

The Blanco Fracture Zone connects two active spreading centers,

the Juan de Fuca Ridge and the Gorda Ridge, and separates the

Cascadia Basin from the Tufts Abyssal Plain (Dehlinger et al., 1968).

At the intersection of the Juan de Fuca Ridge and the Blanco Fracture

Zone lies the Blanco Trough (44°2O'N, l30°00'W, see Figure 1). The

Blanco Trough is identifiable by both the magnetic anomaly pattern

and the topography (Detrick and Lynn, 1975; McManus, 1965).



Figure 1. General tectonic features in the study area.
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The Blanco Trough follows the Blanco Fracture Zone's northwest

trend and is the largest and deepest of the numerous troughs tKat

comprise the Blanco Fracture Zone. The Blanco Trough is approxi-

mately 85 km long and 20 km wide and reaches a depth of at least

4834 m (core W7605B-l3-GC, this report). According to Melson

(1968), the sides of the Trough generally slope about 20° with

occasional slopes of 500 and are topographically complex with numerous

north trending scarps. As seen in Figure 2, the relief of the Blanco

Trough exceeds 2. 8 km due to Parks Seamount as the southern ridge.

The main basin is composed of two separate sub-basins with depths of

4834 m and 3600 m. Even though the difference between the depths of

these sub-basins is over one kilometer, both basins are well below

the reported sill depth of approximately 2900 m (Melson, 1968).

It is important to note that while the origin of the Blanco Trough

is not well understood (Melson, 1968; Phipps, 1974; Sleep and Biehler,

1970), the Trough must currently be a tectonically active zone

permeated with faults since the northern side is moving eastward

while the southern side is moving westward (Dehlinger et al. , 1968).

Hydrography of the Blanco Trough

The only hydrographic data available, station NH-260 (44° 19. l'N,

129° 56. 9'W), over the Blanco Trough, was obtained on the 20th of
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October 1966 with both mid-water and deep-water hydrocasts taken

(Barstow et al., 1968). An attempt to examine the water column in

more detail during the W7605B cruise of the R/V Wecoma failed

because of Nansen bottle post-trip problems with all three hydrocasts

attempted. All water samples recovered were located by the rmo-

metric depth between 800-2300 m instead of the wire depths of 2000-

4300 m. Due to this misfortune, the hydrographic data from this

cruise were discarded.

Potential Temperature

Using an assumed salinity of 34. 60%othe in situ temperatures

were converted to potential temperatures by utilizing the Fofonoff

equation (Fofonoff, 1962). The potential temperatures are plotted

versus depth (Figure 3) for station NH-260 as well as for several

stations located outside the Blanco Trough that extend to similar

depths. The basic pattern of decreasing potential temperature with

depth is altered by station NH-260 with potential temperature be-

coming essentially constant at 1. 64°C from about 2400 m to the

bottom of the hydrocast. Above 2400 m, the potential temperature

for station NH-260 is the same as for stations outside the Blanco

Trough.
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Oxygen

The oxygen content for station NH-260 and for the same outside

stations is plotted versus depth in Figure 3. The basic pattern of

increasing oxygen content with depth is different at station NH-260.

The oxygen content reaches 1.95 ml/l at a depth of 2400 m and then

remains constant with depth. As with the potential temperature

curve, the oxygen content above 2400 m at station NH-260 matches

the surrounding stations.

Implications for Circulation in the Blanco Trough

Constant potential temperature and oxygen content with depth

are indicative of a basin with limited horizontal circulation and

implies convective mixing as the major mode of circulation. These

hydrographic features of deep and confined trenches or basins are

well documented (Sverdrup et al. , 1942; von Arx, 1962; Richards

and Vaccaro, 1956).

An interesting but poor1y understood phenomenon is that of

effective sill depth versus apparent sill depth. For station NH -260,

the hydrographic data indicates an effective sill depth of about 2400

m the level above which horizontal circulation operates freely.

However, Melson (1968) reports an apparent sill depth of about

2900 m. The difference between effective and apparent sill depth



in this case is 500 meters. The only feasible explanation for this is

that the openings in the ridges surrounding the Blanco Trough that

extend deeper than 2400 m are not large enough to accommodate

significant water flow. Therefore the major water exchange of the

Blanco Trough takes place at 2400 m, a level that coincides with an

approximate average height of the northern ridge rather than with the

deepest openings through the ridge.

The hydrography of the Blanco Trough indicates that it is a

basin of restricted water circulation allowing only convective mixing

and importantly, that it is oxygenated at depth.

Sediment Cores of the Blanco Trough

Core Recovery Data

The rugged terrain of the Blanco Trough and the unpredictable

weather in the area combine to create extremely difficult coring

conditions. Of the three cruises to this area in which the author

participated, only the last cruise successfully recovered cores. In

spite of this, five sediment cores have been recovered from the

Blanco Trough (locations and water depth are listed in Table 1 and

shown schematically in Figure 2). Two of the cores (7211-4 -FF2,

7211-4-FF4) were recovered in November of 1972 by the R/V Yaquina.

These cores were launched and recovered during a moderate storm
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Table 1. General Blanco Trough Core Data.

Core Length Latitude Longitude Water Depth

7211-4-FF2 112 cm 44° 19. O'N 129°54. 7W 3880 m

7211-4-FF4 112 cm 44° 18. 3'N 129°53. 7'W 4207 m

W7605B-9-GC 62 cm 44016. 8'N 129° 39. 3W 3228 m

W7605B-10-GC* -- 44°22.O'N 130°04.8W 4301 m

W7605B-13-GC 104 cm 44°20. O'N 129°59. 7'W 4834 m

W7605B 14-FF3 20 cm 44°20. 9'N 130° 00. 9'W 4830 m

* Rock fragments only, no sediment, see Appendix I

FF Free fall core, number indicates position in string
(i.e., 4 indicates fourth core dropped overboard)

GC Gravity core
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with the Precision Depth Recorder (PDR) not functioning properly,

as a result there is no depth control on these cores other than

charted depth and location is somewhat tenuous. The other three

cores (W7605B-9-GC, -13-GC, -14 -FF3) were recovered in May of

1976 by the R/V Wecoma under ideal weather conditions.resulting

in good location, station holding and with the PDR functioning pro-

perly, good depth control. A schematic representation of the Blanco

Trough sediment facies is shown in Figure 4, complete core descrip-

tions are in Appendix I, and results of smear slide descriptions are

listed in Appendix 11.

Core 7211-4-FF2

This core is mainly composed of silt and clay size material with

a scattering of volcanic ash throughout its length and is noncalcareous.

The most striking feature of the core is the dark/light layering,

which shows a pattern of numerous thick dark layers at the top of

the core gradually diminishing in number and thickness down core.

There are approximately twenty-eight major dark layers in this

core. Smear slide identification indicates three major phases;

biogenic silica, clays and reddish semi-opaque globules (RSO's)

(see Appendix I). A general compositional variation between light

and dark layers is seen, in that light layers contain less than 10%

RSO's while dark layers contain more than 10% RSOts. An inverse
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relation is seen between RSO content and biogenic content. It is

interesting to note that a visual estimate of the size range of the

RSO's is the same as the size range of the biogenic silica.

Core 7211-4-FF4

Located less than 2 km from core 7211-4-FF2, core 721l-4-FF4

is very similar to but not identical to core 7211-4-FF2. Core 7211-

4-FF4 contains dispersed volcanic ash and is composed mainly of

silt and clay size material, In relation to core 7Zll-4-FF2, the

same components (biogenic silica, clay and RSO's), the same dark/

light relation between biogenic silica and RSO's and the same pattern

of numerous thick dark layers near the core top with fewer and

thinner dark layers near the bottom also appear in this core. The

dark layers in this core are more numerous and generally thicker

than those in core 7211-4-FF2. This core contains about 40 major

dark layers.

Core W7605B-9-GC

The only core recovered from the shallow sub-basin, core

W7605B-9-GC is different from the other four sediment cores in

that it is calcareous. The dark/light layering so prominent in the

other cores, is present in this core, also. This core exhibits

patterns similar to the other cores as it shows the inverse relation
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between biogenic content and RSO' s and also the pattern of fewer

and thinner dark layers down core.

Core W7605B-13-GC

Core W7605B-13-GC is like the 7211-4 cores in that it has little

carbonate present. Size range in this core is mainly silts and clays

and volcanic ash is present as distinct ash layers and as dispersed

particles throughout the core. The color variation in this core is

very similar to the colors noted in the original core descriptions

of the 7211-4 cores. Compositional data from smear slides

(Appendix II) indicates the same components and patterns as for the

7211-4 cores. This core, appears to be basically the same as the

7211-4 cores with the major exception of the appearance of massive

dark layers near the bottom of the core.

Core W7605B-14-FF3

This core, W7605B-l4-FF3 was recovered about 3.4 kilometers

away from W7605B-13-GC. It is essentially carbonate free, contains

volcanic ash and is composed mainly of silt and clay size particles.

Smear slides indicate the same components and component relations

as for the other cores (see Appendix II).
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Summary of Blanco Trough Core Descriptions

While these cores were recovered within 20 km of each other,

they span a depth range of 3228 m to 4834 m and a compositional

range of biogenic silica rich to biogenic carbonate rich. But even

with these basic differences, there are some striking similarities

between them:

1) a dominant dark/light color layering with the same general

colors,

2) a pattern of numerous thick dark layers diminishing down

core to fewer and thinner dark layers,

3) a compositional relation between the presence of RSO's in

quantity and the occurrence of dark layers,

4) an inverse relation between biogenic content and RSO's such

that as one increases the other decreases,

5) a dark layer or zone located at the core surface,

6) the nearly ubiquitous presence of volcanic ash,

7) massive layers are not composed of micro-laminae dominated

by one color, but are coherent layers of that color,

8) mottling, most likely of biologic origin (bioturbation), occurs

in all cores and in both light and dark layers,

9) both upper and lower contacts of both dark and light layers

range from sharp to gradational to mottled (i.e., there is no
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consistent pattern of upper or lower contacts being sharp).

Considering the layered nature of these cores and their close

proximity to each other, an attempt to correlate dark layers between

the cores was made. As seen in Figure 4, there is a possible

correlation between cores 7211-4-FF2 and 7211-4-FF4. There are

dark layers in 7211 4-FF4 that are not in 72l1-4-FF2 but essentially

all of the dark layers of 721l-4-FF2 are in 72l1-4-FF4. There

appears to be a correlation between W7605B-13-GC and W7605B-14-

FF3, but it is not as exact as the correlation in the 7211-4 cores.

No correlation between W7605B-9-GC and the deeper cores is

apparent and there is no apparent correlation between the 7211-4

cores and the W7605B cores. It appears then that while the dark

layers are present everywhere cored in the Blanco Trough, the dark

layers are not caused by an entire basin event but rather individual

and somewhat localized events.

Hypotheses on the Origin of the Mn-layered
Sediments of the Blanco Trough

The knowledge that the Blanco Trough is an isolated and con-

fined deep basin with limited circulation and that it is located in a

tectonically active region, together with the fundamentals of the

geochemical behavior of manganese in the marine environment,

leads to the development of three hypotheses on the origin of the
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manganese -layered sediments of the Blanco Trough.

Hydrogenous Precipitation

Assuming that the Blanco Trough is a low sedimentation rate

regime due to its isolated nature, the Mn phase may be hydrogenous,

precipitating directly out of seawater in a manner similar to that

proposed for manganese nodules (Barnes, 1967). The layering could

be a result of variable sedimentation rates with the low Mn content

layers designating episodes of increased sedimentation which mask

the presence of the Mn material.

If this process is the cause of the Mn phase and layering in the

Blanco Trough, the chemistry of the Mn phase should be similar to

that of manganese nodules. While manganese nodules have regional

variations in composition (Cronan, 1972), they are generally enriched

in the trace metals (Cu, Ni and Co in particular, Bonatti et al.,

1972) and have rare earth element (REE) patterns that are erratic

but characterized by strong positive Ce anomalies (Piper, 1972).

The relative concentrations of the REE are about 10 times those of

the North American shale normalizing standard (Piper, 1972). If the

light layers. were just diluted dark layers, the hydrogenous precipita-

tion model would predict that the Mn phase chemistry of both layers

should be the same. For normal marine environments, the authigenic

Mn accumulation rate averages 1 mg/cm2/103 yr, with a maximum



rate near 3 mg/cm2/103 yr (Bender et al., 1970; Elderfield, 1976).

Anoxic -Oxic Precipitation

The restricted circulation in the waters of the Blanco Trough,

as indicated by the hydrographic data, suggests a second hypothesis

on the origin of the Mn enriched layers. With limited circulation,

the evolution of anoxic conditions could occur in the Blanco Trough

resulting in oxygen-rich waters overlying a reduced anoxic zone

similar to the Black Sea, the Red Sea brine pools, the Cariaco

Trench, Saanich Inlet, etc. (Deuser, 1974; Bischoff, 1969, Richards

and Vaccaro, 1956, and Gross, 1967). Under these conditions, the

reduced waters will act as a trap for Mn, dissolving any Mn02

particulates falling into the anoxic zone and absorbing any Mn that

diffuses or advects out of the oxygenated zone (Spencer and Brewer,

1971). Sediments accumulating during anoxic conditions will therefore

be depleted in Mn02. If circulation is restored, Mn will precipitate

as the oxygen bearing waters mix with the reduced waters (Spencer

and Brewer, 1971). In the Blanco Trough, crustal movements could

initiate such a restoration by opening a deeper sill depth. As the Mn

precipitates, a Mn-rich layer of sediment will be deposited. If this

process were to occur repeatedly, the sediments would be layered

similar to those of the Blanco Trougli.

The Mn phase formed by such a model should be similar to the
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manganese particulates found at the anoxic-oxic boundary of the Black

Sea (Spencer and Brewer, 1971). This phase, according to Spencer

et al. (1972), is enriched in Co and Sb but depleted in Zn. Iron will

coprecipitate with the Mn phase at the anoxic-oxic boundary but will

be precipitated as a sulfide in the anoxic zone (Piper, 1971). Because

this Mn phase is not well characterized, better identifying character-

istics are seen in the effects of the anoxic conditions on the sediments.

Anoxic sediments are characterized by high enrichments of Mo and U.

The Black Sea has a Mo enrichment of 13. 5 in the sediments of the

reduced zone over the sediments of the oxygenated zone (Pilipchuk

and Volkov, 1974), while the sediments of the Saanich Inlet indicate

enrichment factors of up to 20, over normal marine sediments

(Gross, 1967). Uranium enrichments of 25 times the normal oxidized

sediments are found in the Black Sea (Rona and Joensu, 1974). From

sediments deposited under severely depleted oxygen conditions on the

Pacific continental slope off Central and South America, Veeh (1967)

reports uranium enrichments of 2 to 15 times the normal oxidized

sediments. Even though the cause of the increased organic carbon

content may not be completely understood (Richards, 1970), the fact

remains that organic carbon content is higher in anoxic sediments,

often by a factor of 4 to 8 over the oxidized sediments (Athearn,

1959; Gucluer and Gross, 1964; Richards and Vaccaro, 1956; Ross

and Degens, 1974). Iron sulfides can be formed in anoxic waters and
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are found in anoxic sediments (Berner, 1974; Bischoff, 1969), but

can also be formed as a post-depositional diagenetic product (Price,

1976). Therefore iron sulfides are indicative of either anoxic condi-

tions in the water column or the development of reducing conditions

in the sediment.

Hydrothe rmal Solution Precipitation

The location of the Blanco Trough in a tectonically active area

(Dehlinger et al., 1968) suggests the possibility of an active hydro-

thermal source for the Mn. An oceanic fracture zone

must contain a fracture or fractures extending completely through

the solid portion of the crust in order to allow the two crustal plates

on either side to move in opposite directions (Wilson, 1965). This

fracturing provides access for seawater to warm crustal rock,

effectively creating a hydrothermal circulation system (Bonatti

et al., 1976). That such a hydrothermal circulation system could

produce a metal rich solution was suggested by Corliss (1971).

Hydrothermal solutions have been proposed as the source for numer-

ous manganese and ferromanganese deposits (Arrhenius and Bonatti,

1965; Bostrom and Peterson, 1966; Dasch et al., 1971; Dymond

et al., 1973; Scott et al., 1974; Piper et al., 1975; Dymond and

Veeh, 1975; Moore and Vogt, 1976; and others) and could therefore

also explain the Mn phase of the Blanco Trough. Because of the
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tectonically active nature of the area, it seems feasible that crustal

movement could open new circulation conduits, close old ones or even

reopen former conduits. This opening and closing would result in

variations in the rate and amount of solution vented to the surface and

could therefore cause the Mn layering seen in the sediments of the

Blanco Trough.

Hydrothermal solution deposits are characterized by rapid

accumulation rates (Lyle, 1976). Dymond and Veeh (1975) show that

the hydrothermal Mn accumulation rate in metalliferous sediments is

dependent upon distance from the East Pacific Rise with the highest

value, 28 mg/cm2/l03 yrs, located at the Rise Crest which is

assumed to be the source of the hydrothermal solutions. High accu-

mulation rates for hydrothermal manganese deposits are further

supported by growth studies on hydrothermal crusts indicating two to

three orders of magnitude faster rates for the crusts than for normal

manganese nodules (Scott et al., 1974; Moore and Vogt, 1976). Low

Cu, Ni and Co, together with extremely variable Fe/Mn ratios are

typical of the chemistry of hydrothermal solution precipitates

(Bonatti et al., 1972). Toth (1977) examined the REE patterns of

deposits believed to be formed from hydrothermal solutions and

found Ce depleted patterns, similar to seawater. However, an

iron-rich hydrothermal solution precipitate revealed a light REE

depleted pattern, similar to tholeiitic basalt (Piper et al. , 1975).
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Low REE concentrations are common for these deposits, approxi-

mately one-tenth the concentrations in North American shale (Toth,

1977).

To determine which of these hypotheses is most feasible and

to compare the bulk sediment of the Blanco Trough to the sediments

in nearby environments, an extensive set of analytical studies were

made.
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ANALYTICAL STUDIES

To interpret the dark/light layering of the Blanco

Trough cores, certain physical properties, the mineralogy and the

geochemistry of these layers were examined to determine what

differences other than color exist between the layers. The physical

properties studied were texture and wet bulk density. The silt-size

and clay-size material were the center of the mineralogic studies,

while the geochemical studies were directed toward the bulk composi-

tion, an ammonium oxalate-oxalic acid leachable phase, and the

residual phase remaining after the leach. Accumulation rates were

studied in order to compare the fluxes of metals in these sediments

to other metal-rich deposits.

Physical Properties

Methods

The bulk size composition was determined using the method of

Thiede et al. (1976). Basically, the method involves sample dis-

aggregation, wet sieving at 63? m to separate the sand size ( 63,um)

and settling with decantation at Zpm to split the silt size (2-63pm)

and clay size ( 2 m) material. Because the 7211-4 cores had

already been analyzed before the W7605B cores were obtained, a

slight difference in technique occurred between the two sample
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groups. Hydrogen peroxide used in the first sample group disaggre-

gation was not used in the second group as it was noted that the pre-

sence of manganese dioxide in these sediments causes a peroxide

catalysis which masks the mild oxidation of organic matter. The

effect of peroxide versus no peroxide treatment was shown by Thiede

et al. (1976) to have little effect on the silt-size composition.

Since smear slide analysis suggests the presence of variable

amounts of silt-size biogenic silica and reddish semi-opaques

(Appendix II), splits of the silt-size material were run on a Cahn

settling tube electrobalance to determine the frequency distribution

of the silt-size range. Sample preparation and operation of the Cahn

electrobalance were taken from Thiede et al. (1976).

Wet bulk densities were determined by inserting a stainless

steel ring of known volume into the freshly opened core and carefully

removing the ring, now filled with sediment, taking care not to dis-

turb or compact the sample. The sediment-filled ring is then placed

in a small beaker for protection, promptly weighed, dried at least

24 hours in a 60°C oven, cooled in a dessicator and then reweighed.

With the weight of the empty ring and beaker, the volume of the ring,

the gross wet weight and the gross dry weight, both bulk density and

water content are directly available.
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Textural Analysis

The sand/silt/clay proportions are shown graphically in Figure 5

and listed in Table 2. There is no difference between the light and

dark layers in bulk size composition, as the dark and light layers both

average to about 62% silt, 31% clay and 7% sand. A comparison of

the sand/silt/clay proportions in the sediments of the deep-sea

environments surrounding the Blanco Trough (Duncan, 1968) with the

sediments in the Trough (Figure 5) reveals an apparent difference.

The Blanco Trough sediments appear to be dominated by silt-size

material whereas the sediments from the surrounding area are pre-

dominantly of clay size. This difference will be discussed later.

The silt-size analysis by the Cahn balance results in frequency

distribution curves for the 4. 0-9. 0 phi range (631p rn-2 rn). The

data for these curves is listed in Appendix III and shown collectively

as groupings of the dark and light layers in Figure 6. While there is

no particularly obvious size differentiation between light and dark

layers, there appears to be a trend toward slightly more fine silt-

size material in the dark layers and consequently more coarse silt-

size material in the light layers.

Wet Bulk Densities

Since the 7211-4 cores had been open sinceear1y 1973 and:
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in silt-size components of the Blanco Trough sediments.
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Table 2. Sediment Size Distributions.

Sample Sand Silt Clay Sample
Name Color* (%) (%) (%) Core Interval (cm)

SSA-1 Dark 4 52 44 7211-4-FF2 8-9

SSA-2 Dark 3 60 37 7211-4-FFZ 20-21

SSA-3 Light 5 70 25 7211-4-FF2 89-90

SSA-4 Light 2 77 21 7211-4-FF2 94.5-95.5

SSA-5 Dark 5 57 38 7211-4-FF4 0.5-1.5
SSA-6 Dark 6 59 35 7211-4-FF4 15-16

SSA-7 Light 10 56 34 7211-4-FF4 82-83

SSA-8 Light 6 53 41 7211-4-FF4 104-105

SSA-9 Dark 22 56 22 W7605B-14-FF3 2-3

SSA-10 Light 11 60 29 W7605B-14-FF3 6.5-7.5

SSA-11 Dark 7 65 28 W7605B-9-GC 2-3

SSA-12 Medium 5 75 20 W7605B-9-GC 20-21

SSA-13 Light 5 74 21 W7605B-9-GC 45-46

SSA-14 Dark 10 66 24 W7605B-13-GC 4-5

SSA-l5 Light 4 63 33 W7605B-13-GC 22.5-23.5

SSA-16 Dark 5 68 27 W7605B-l3-GC 45.5-46.5

SSA-17 Medium 4 71 25 W7605B-l3-BC 67-68

SSA-18 Dark 8 62 30 W7605B-13-BC 97-98

* Color designations are purely subjective with the term medium
given to samples which apparently split the middle between light
and dark.
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undergone some dehydration, only the W7605B cores were sampled

for wet bulk density measurements. Fifteen samples were taken from

the three sediment cores (W7605B-9-GC, -13-GC, -14-FF3) and the

results are shown in Table 3. The samples in W7605B-9-GC indicate

fluctuating wet bulk densities over the range 1.24-1.41 g/cm3. No

pattern of light layer versus dark layer wet bulk density is apparent

in this core. Except for the sample, 75-76 cm (W7605B-l3-GC), the

wet bulk densities of cores W7605B-13-GC and W7605B-14-FF3 show

an apparent difference between light layers (average density:
3 31.22 g/cm ) and dark layers (average density: 1.28 g/cm ). Since

wet bulk density is a function of carbonate content (Lyle and Dymond,

1976), the relatively high and variable wet bulk densities are most

likely due to variations in carbonate content (see Table 12 for CaCO3

contents).

By calculating the average grain density, 'g' to remove the

effects of water content and porosity (Nafe and Drake, 1963), differ-

ences in wet bulk densities can be examined in respect to the average

density of the material composing the sample. The average grain

density is calculated from the following equation:

Dw
M(w/Q)M+D

where,
e g

= average grain density

density of water



Table 3. Wet Bulk Density Data for Blanco Trough Sediments.

Average
Sample Wet Bulk Water Grain
Interval Densitr Content Densitr

Core (cm) Color (g/cm ) (%) (g/cm )

W7605B-9-GC 0-1 Dark 1.24 71.1 --
W7605B-9-GC 8-9 Dark 1.31 66.8 --
W7605B-9-GC 16-17 Medium 1.41 56.3 --
W7605B-9-GC 19.5-20 Light 1.30 59.4 --
W7605B-9-GC 35-36 Medium 1.37 59.2 --
W7605B-9-GC 60-61 Light 1.32 61.2 --
W7605B-13-GC 1.5-2.5 Dark 1.28 68.7 2.65

W7605B-13-GC 13-14 Light 1.20 73.4 2.13

W7605B-13-GC 41-42 Light 1.22 70. 6 2. 13

W7605B-13-GC 75-76 Medium 1.37 59. 1 2.57
W7605B-13-GC 86-87 Dark 1.28 65.6 2.32

W7605B-13-GC 99-100 Light 1.24 68.6 2.18

W7605B-14-FF3 0-1 Dark 1.28 68.5 2.62

W7605B-14-FF3 10-11 Light i.az 69.3 2.03

W7605B-14-FF4 17-18 Dark 1.28 65.5 2.32
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= wet bulk density of sample

D = measured dry weight of sample

M = measured wet weight of sample

The average grain densities for the eight carbonate-free bulk

density samples are listed in Table 3. The range of values in the

dark layers, 2.32-2.65 g/cm3, is wider and higher than that of the

light layers, 2.03-2.18 g/cm3. This indicates that the dark layers

contain material of a higher density than is present in the light

layers.

Summary of the Blanco Trough Sediment Physical Properties

The sediments of the Blanco Trough exhibit some differences in

the physical properties of bulk density and size distribution between

the different color layers and between sediments inside and outside

the Blanco Trough. While no difference in sand/silt/clay propor-

tions was found between light and dark layers, there apparently is a

difference between the sediments inside and outside the Trough. In

examining the frequency distribution of the silt-size range, it

appears that the dark layers contain slightly more fine silt-size

than the light layers, but neither the dark nor the light layers are

enriched in any particular size fraction. High and variable wet bulk
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densities are noted for the samples containing carbonate with no

pattern present for variation between light and dark layers. For the

carbonate-free samples, however, there is an indication of higher

wet bulk densities in the dark layers. This difference in wet bulk

densities is caused by a change in the density of the dry sediment

material as shown by the calculation of average grain densities. An

attempt to identify the mineralogic cause of this increased density was

made by X-ray diffraction analysis and is the subject of the next

section.

Mineralogy

Methods

The dominant mineralogy was determined by X-ray diffraction

analysis on the 18 samples used for textural analysis. A Norelco

X-ray diffractometer with Cu K irradiation was used with magnetic

tape output for computer smoothing and plotting of the diffractograms.

Since both the silt- and clay-size material exhibited the dark/light

color variation after separation, both size ranges were examined.

The silt-size material was analyzed using random-mount pressed

zinc planchets of untreated sediment and of the residue remaining

after leaching with an ammonium oxalate-oxalic acid solution (see

section on geochemistry). These mounts were ultra-slow speed
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scanned (10 sec/. 02°) from 5 to 70 degrees 2 0. The clay-size

material was examined for total mineralogy (5 to 70 degrees 2 0) and

for clay mineral analysis (3 to 30 degrees 2 0). For total minera-

logy, random-mount zinc backed planchets were scanned at the ultra-

slow speed (10 sec/. 02°) for both untreated and leached residue. For

the clay mineral analysis, the clays were treated with sodium

dithionite -citrate (Mehra and Jackson, 1960), saturated with mag-

nesium ions, mounted onto porous silver planchets (oriented mounts)

saturated with liquid glycerol and then scanned at 4 sec/. 02° over

the range 3 to 30 degrees 2 0. Four samples were run both with

sodium dithionite -citrate treatment and with no treatment to examine

the extent of dithionite -citrate damage to smectites (Dudas and

Harward, 1971). The proportions of the clay minerals to each other

were determined semi-quantitatively by the method of Biscaye (1965)

using glycerol saturation instead of ethylene glycol (Heath, 1968).

Silt-Size Mineralogy

By using the ultra-slow scan, poorly crystalline material

(mainly iron and manganese oxide phases in marine sediments) is

given sufficient irradiation to develop its characteristic reflections

(Dasch et al., 1971). Unfortunately, even with ultra-slow scanning,

the only identifiable components of the silt-size material of the

Blanco Trough sediments are quartz, mica (illite), chlorite and a
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mixture of the feldspar group (plagioclase to orthoclase). Minerals

specifically looked for but not found included: birnessite, todorokite,

MnO2 barite, phillipsite and a suite of sulfides (pyrite, marcasite

and pyrrhotite). Because preliminary geochemical data indicated

that the only major elemental variation between dark and light layers

is in manganese content, in a second set of analyses, the samples

were treated with the ammonium oxalate-oxalic acid leach to remove

the manganese phase before the samples were analyzed. A computer

controlled subtraction of diffractograms (untreated minus leach resi-

due) results in a differential X-ray diffractogram in which only the

material removed from the sample by the leach should appear

(Dymond et al., 1973). The results of this type of analysis also

proved fruitless as no identifiable minerals could be developed from

the differential X ray diffractograms.

Clay-Size Minergy

The clay-size material was examined for total mineralogy in

the same manner as the silt-size with similar results. The ultra-

slow scan and the use of differential X-ray diffractograms revealed

no signs of minerals not associated with detrital sources.

In examining the clay mineralogy of Blanco Trough sediments,

the only clay minerals present are chlorite, illite and smectite. The

lack of kaolinite was confirmed by the presence of a single peak at
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3.54 A (004 reflection of chlorite) and no peak at 3.58 A (002 reflec-

tion of kaolinite). The absence of kaolinite in this area has been

noted by other workers (Phipps, 1974; Duncan, 1968; and Griffin

et al., 1968). The proportions of the clay minerals range from

39-54% for chlorite, 32-46% for illite and 6-26% for smectite and

are plotted in Figure 7 and tabulated in Table 4. As seen in

Figure 7, there is no systematic difference in clay mineral propor-

tions between dark and light layers. An apparent difference in pro-

portions between this work and those of Phipps (1974) and Duncan

(1968) resulted in an examination of experimental techniques which

revealed that Duncan did not use the dithionite-citrate treatment

whereas Phipps and this author had. While Dudas and Harward

(1971) showed that dithionite -citrate treatment destroys some

smectite structure5 Phipps (1974) demonstrated that for this area,

the dithionite -citrate treatment does not affect the clay mineral

proportions. Four samples were run with no dithionite -citrate

treatment to verify the findings of Phipps (1974). While some varia-

tion in clay mineral proportions does occur (Table 4), it is within

experimental error of the treated samples and does not change in a

systematic manner. Therefore, the difference between the clay

mineral proportions of this work and those of Duncan (1968) and

Phipps (1974) is real and not an artifact of the experimental

technique.
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Figure 7. Relative clay mineral contents showing decrease in smectite
in the Blanco Trough sediments as compared to the Cascadia
Basin and Tufts Abyssal Plain sediments.
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Table 4. Semi-Quantitative Clay Mineral Proportions.

Smectite Chlorite Illite
Sample Color (%) (%) (%)

SSA-1 Dark 16 49 34

SSA-2 Dark 12 48 40

SSA-3 Light 23 44 33

SSA-4 Light 15 46 39

SSA-5 Dark 8 52 40

SSA-6 Dark 14 48 38

SSA-7 Light 11 52 38

SSA-8 Light 10 54 35

SSA-9 Dark 17 50 33

SSA-10 Light 16 50 34

SSA-ll Dark 6 53 41

SSA-l2 Medium 9 50 41

SSA-l3 Light 8 46 46

SSA-14 Dark 23 45 32

SSA-15 Light 20 45 35

SSA-16 Dark 19 46 35

SSA-17 Medium 26 39 35

SSA-18 Dark 9 50 41

SSA-l* Dark 20 40 40
SSA-2* Dark 19 42 39

SSA-3* Light 20 44 36
SSA-4* Light 13 52 35

* Reruns no dithionite - citrate treatment, see text
NOTE: Error is approximately + 3% in each value

Samples are the same as in Table 2.



Summary of the Blanco Trough Sediment Mineralogy

Efforts to identify the mineral or minerals causing the dark/

light variation in Blanco Trough sediments proved fruitless. The

use of ultra-slow scanning speed and differential X-ray diffracto-

grams of both the silt- and clay-size material reveals the presence

only of common detrital minerals and no indication of authigenic

minerals such as manganese oxides, sulfides, barite or phillipsite.

There is no difference in mineralogy between light and dark layers.

The clay mineral proportions of the Blanco Trough sediments mdi-

cate no difference between dark and light layers but do show an

interesting difference, generally lower smectite content, when corn-

pared to the clay mineral proportions of the sediments surrounding

the Blanco Trough.

Geochemistry

Methods

The Blanco Trough sediments were analyzed for bulk composi-

tion, the composition of a phase that is leachable by an ammonium

oxalate-oxalic acid solution and the composition of the residual

phase remaining after the leach treatment. Forty-three samples

were selected from the five cores and analyzed for bulk composition

by atomic absorption spectrophotometry (AAS). Eighteen of these



samples were chosen for analysis by instrumental neutron activation

analysis (INAA) and by the leach treatment. Because of different

sample preparation, organic carbon was determined on a separate

set of 33 samples. Due to the numerous layers in these cores, no

attempt was made to sample every layer but rather to sample repre-

sentative layers. Except for the samples for organic carbon analysis,

the samples were freeze-dried to remove excess water (and deter-

mine water content) and then dried overnight at 110°C to achieve con-

stant weight before undergoing analysis.

Atomic Absorption. The elemental content of Al, Si, Ca, Fe,

Mn, Cu, Ni and Zn (and Ba on 39 of the samples) was determined in

the bulk sediment using the technique of Dymond et al. (1973) which

involves HF-aqua regia dissolution in a pressure sealed teflon

Thomb," followed by boric acid neutralization of the excess hydro-

fluoric acid, dilution and direct aspiration into a Jarrel Ash 82-820

atomic absorption spectrophotomete r. Complete analytical proce

dures are in Fukui (1976). Sample size was 150-200 mg and all

samples were run in duplicate and averaged.

Instrumental Neutron Activation Analysis. The Oregon State

University TRIGA nuclear reactor with rotating sample rack was

used for two hours at 1 mega-watt to irradiate 40 samples (18 bulk

composition, 18 leach residue, 4 standards) of 150-200 mg weight



for INAA. Counting was achieved through the use of a Ge(Li) detector

coupled to a 4096 channel Nuclear Data multi-channel analyzer. The

elements, Sm, Lu, Yb, La, Ba, As, Sb, Na and U were counted

after 3-4 days of decay and recounted after another 3 days of further

decay. The elements, Cs, Sc, Fe, Co, Eu, Sb, Tb, Nd, Ce, Yb,

Th, Cr, Hf and Ba reached optimum counting statistics after approxi-

mately three weeks of decay and were counted at that time. Concen-

trations were determined by comparison with National Bureau of

Standards SRM 1633 (fly ash), U. S. G. S. BCR-1 and Oregon State

University in-house standards, SD0895 (North Pacific sediment

standard) and MS1519 (metalliferous sediment standard) which were

all irradiated and counted with the Blanco Trough samples.

Ammonium Oxalate-Oxalic Acid Leach. Early bulk analyses

indicated that the major difference between light and dark layers

was due to manganese content. Therefore, an attempt to isolate

the manganese phase was made using a leaching technique. The

ammonium oxalate-oxalic acid leach was developed by Schwertmann

(1964) and is extremely effective at removing only amorphous ferro-

manganese oxy-hydroxide material without attacking goethite or

iron-rich smectites (Landa and Gast, 1973; Heath and Dymond,

1977). The procedure reacts 100-200 mg of sediment with 100 ml

of a 0.2M ammonium oxalate-0.ZM oxalic acid solution for two
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hours. The reaction requires continuous moderate agitation and is

photo-sensitive and therefore must occur in dark flasks. Heath and

Dymond (1977) show that this leach in comparison to other leaches

(acid hydroxylamine hydrochloride and dithionite -citrate) essentially

removes all of the leachable material during the first leach with sub-

sequent leaches removing little additional material. The eighteen

samples chosen for analysis by INAA were also used for the leach

experiment. After leaching, the residue (material retrieved by a

0. 45j m filter from the leach solution) was analyzed by instrumental

neutron activation analysis and the leachate was analyzed by AAS,

using standards with a leach solution matrix. Since both the weight

before and the weight after leaching were measured, the weight of

leachable material was available for the determination of concentra-

tion in the leachable phase. Correction for salt content, which would

also be leachable, was made using both water content in the bulk

sample and the leachable sodium. Because water content was not

available for all of the samples leached, an examination of those

samples which had both water content and leachable sodium indicated

that leachable sodium overestimated salt content by 16%. This excess

sodium is probably due to exchangeable sodium in the clays. The

difference in the salt corrected concentrations between the two

techniques is only about 1-2%. Therefore, the salt content from

leachable sodium (corrected by a factor of 1. 16) was used
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preferentially over water content which could be affected by an in-

determinant amount of dehydration.

Molybdenum Analysis. Because uranium and molybdenum are

indicators of the oxidation state of the depositional environment (Ber-

tine, 1970; Veeh, 1967) efforts were made to analyze for these ele-

ments. Instrumental neutron activation analysis provided the uranium,

but for molybdenum, an element with many analytical interferences,

a solvent extraction-atomic absorption technique was tried. The ex-

traction of the molybdenum-thiocyanate complex by methyl isobutyl

ketone was developed by Kim et al. (1974) for use with geologic

materials. This technique, modified by the author (see Appendix IV),

proved time consuming and resulted in rather large experimental

errors in the Mo concentration. The development of an interfacial

foam in all samples caused severe problems in separating the organic

and aqueous phases. Consequently, only six samples were analyzed

for molybdenum. It is the authort s opinion that the use of the HF -

aqua regia dissolution method and limited 400 mg sample size instead

of the dissolution method (perchioric acid-HF) and sample size (1. 00

g) suggested by Kim et al. (1974) resulted in the analytical problems

and that this technique may yet be useful in determining Mo in deep-

sea sediments.

Organic Carbon-Carbonate Analysis. A volumetric CO2
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analyzer originally described by Schmied and Steiner (1957) was

used for the determination of organic carbon and carbonate content.

The method involves the formation of carbon dioxide (dichromate

oxidation of organic carbon or acidification of carbonate), measure-

ment of the volume of total gas produced, selective removal of CO2

by KOH absorption and the measurement of the volume of gas re-

maining. The volume of gas removed is equated to the volume of

CO2 produced which is directly related to either carbonate or organic

carbon. Complete analytical procedures are detailed in Appendix IV.

Geochemistry Results

Due to the diversity of analytical techniques and the large number

of elements analyzed in the bulk, leachable and residual fractions, I

have chosen to describe first, the bulk composition, then examine

the residual and leachable phases, and finally look at the miscellan-

eous results. For comparison, analyses were made on two sediment

samples, (BHl77l and BHZ 163), from outside the Blanco Trough

which will be referred to as "detrital' samples (see Appendix I

detrital samples section). Because of the low carbonate content

in all of the Blanco Trough cores except for core W7605B 9-GC,

carbonate corrections were made only for samples from W7605B-

9-GC. Salt corrections were made on all samples. Appendix V

tabulates all of the geochemical data of this study, while Tables 5-8
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list the ranges in composition for the various fractions measured

(bulk, percent of bulk leachable, residue and leach). An indication

of the accuracy of these results is given in Appendix VI as analyses

of the U. S. G. S. standard rock BCR-1 and Oregon State University

in-house standard SD0895 (North Pacific sediment standard) show

close agreement to accepted values.

Bulk Chemistry, Major Elements. The most variable major ele-

ment is manganese, ranging from 0. 32% to 8. 19% (see Table 5). A

Mn content of 2.50% seems to separate the light from the dark layers

as only one light layer (BH0507) has a Mn content higher than this

and only three dark layers, two from the carbonate core (W7605B-9-

GC (BH2143 and BH2145) and one from W7605B-l4-FF3 (BH2159),

are lower. Considering that the designation udarkh? or "light" is

arbitrarily attached to a near continuum of color, there is a remark-

ably clear division between the dark and light layers in Mn content.

In examining the other major elements, iron ranges from 6.44-

8. 83%, aluminum from 5.41 to 8. 11%, and silicon from 20.3 to 26. 3%.

Generally speaking, the lower Al and Si values correspond to higher

Mn values. Calcium, in the noncarbonate cores, ranges from 0. 5%

to 4.4% and in the carbonate core, W7605B-9-GC, from 3.2% to

16. 6%; thus confirming the core description observation that calcium

carbonate is a major constituent in only core W7605B-9-GC.
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Table 5. Ranges in Bulk Composition.

Blanco Trough Sediments
Dark Layers Light Layers

Detrital Samples
BH1771 BH2163

Major elements (%)

Al 54l-7,66 5.66-6.61 8.68 8.39
Si 20.3-25.0 22.15-26.30 25.5 26.0
Fe 6.44-8.57 6.79-8.83 4.82 5.42
Mn 2.01-8.20 0.32-3.11 0. 11 0.03
Ca 0.55-3024 1.39-4.40 3.48 1.28

Minor elements (ppm)

Sc 18. 9-28.5 20.6-27.8 17.2 21.7
Cr 115-142 120-164 100 152
Co 58-79 48-62 20 23
Ni 237-925 182-371 91 127
Cu 180-317 94-403 67 65
Zn 214-415 132-315 249 155
As 16.2-27.8 5.8-16.5 3.0 2.6
Sb 1.99-6.59 2.05-7.25 1.47 2.39
Ba 2460-6100 716-5196 1364 1385
Th 2.94-5.80 3.41-5.85 11.7 8.83
U 1.45-2.84 1.72-2.35 3.68 2.00

Rare earth elements (ppm)
La 20.2-35.9 18.3-33.5 35.8 27.0
Ce 28, 6-43.9 28.8-41.6 60.4 49.3
Nd 20.6-31.7 21. 3-34.2 27.5 25.4
Sm 5.67-7.72 5.48-7.43 5.88 5. 61
Eu 1.34-2.01 1.58-1.. 92 1.31 1.31
Tb 0.82-1.30 1,00-1,32 0.65 0.72
Yb 3.76-4.78 3,44-4.39 2.12 2.71
Lu 0.50-0,73 0.59-0. 70 0.42 0. 65
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The detrital samples, with compositions; BH1771 (Al-8. 68%,

Si-25. 5%, Fe-4. 82%, Mn-U. 11%) and BH2163 (Al-8. 39%, Si-25. 9%,

Fe-5. 42%, Mn-U. 03%), are very similar to analyses of northeast

Pacific sediments by Goldberg and Arrenhius (1958), El Wakeel

and Riley (1961) and Cronan (1969).

A plot of Al versus Si (Figure 8) indicates that these sediments

are enriched in Si compared to detrital material because the data

consistently lies above the detrital ratio (Si/Al3) which is indicated

by the line in Figure 8. It is interesting to note that in Figure 8, the

samples from W7605B-9-GC are intermediate between the detrital

samples and the bulk of the Blanco Trough data. Figure 9, an Al-

Mn-Fe plot, dramatically shows that Mn is the main diluent of sedi-

ments with nearly constant Fe/Al values. This Fe/Al is higher in

the Blanco Trough sediments than in the detrital samples, indicating

that either there has been an Fe addition to the trough samples or

there is a source other than the detrital samples which has a higher

Fe/Al content. Again note that the samples from W7605B-9-GC fall

between the bulk Blanco Trough data and the detrital samples.

Bulk Chemistry, Minor Elements. Table 5 contains the compo-

sitional ranges of the minor elements in the dark, light and detrital

bulk sediment types. Copper and nickel are strongly enriched in

both light and dark layers when compared to the detrital samples,
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whereas zinc shows little enrichment. Generally, the dark layers

have > 300 ppm Ni and the light layers <300 ppm Ni; copper shows

no such distinction. Cobalt, arsenic and antimony are also enriched

in the Blanco Trough sediments, but only Co and As differentiate

between light and dark layers with the dark layers usually having

higher than 60 ppm Co and 16.5 ppm As. Barium concentrations

in the Blanco Trough sediments vary widely (700-6100 ppm) but are

generally higher than the detrital samples (1400 ppm). There is no

significant difference in Ba content between light and dark layers.

Scandium and chronium concentrations in the Blanco Trough sedi-

ments are essentially the same as for the detrital samples. The only

minor elements showing a relative depletion in the Blanco Trough

sediments are uranium and thorium. Neither U nor Th exhibit a

difference between light and dark layers.

Plots of Mn versus the minor elements, Cu, Ni, Zn, As, Co, U

(Figure 10) demonstrate that only Ni, Co, and As have strong corre-

lations with Mn. Nickel and cobalt have nearly linear correlations

while As shows an unusual step function, in which As correlates

strongly with Mn up to a Mn concentration of about 1. 50%, above

which, As is poorly correlated with Mn. Copper shows a weak

correlation whereas Zn and U show no correlation with Mn. The

fact that U does not increase strongly in the low Mn layers is

important in determining the oxidation state of the depositional
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environment. Barium shows no correlation with any of the major

elements.

Sc and Cr are shown in Figure 11 to correlate well with Al.

Interestingly, both the Sc/Al and Cr/Al relations of the Blanco

Trough sediments are radically different from the detrital samples,

but both the Blanco Trough sediments and the detrital samples for

both Sc/Al and Cr/Al are apparently diverging from zones defined by

basaltic rock dredged from this area. Assuming the detrital samples

indicate the Sc/Al and Cr/Al ratios of terrigenous material, the line

in Figure 11 connecting the basaltic zone with the detrital samples

defines a mixing line between basalt and terrigenous material. The

Blanco Trough data forms a dilution line directly from the basaltic

zone indicating a strong influence of basaltic material.

The minor elements are generally enriched in the Blanco Trough

sediments but only Ni, Co and As differentiate between dark and

light layers.

Bulk Chemistry, Rare Earth Elements. The rare earth elements

yield no unusual concentrations as indicated by the ranges in Table 5.

In general, the concentration of the REE of the Blanco Trough sedi-.

ments are of the same magnitude as the detrital samples but are

lower in Ce and higher in Eu, Tb, Yb and Lu.

Because of their similar nuclear structure, caused by filling of
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the interior 4f electron shell, the REE form a series of elements

with a strong chemical behavior coherency. This behavior varies

systematically along the series even though the nuclear stability

afforded even-numbered elements causes major differences in actual

abundances of the REE (Cotton and Wilkinson, 1972). In order to

observe the behavior of the REE as a group, it is necessary to re-

move the variation in abundances by normalization techniques. This

study utilizes an unweighted average of REE concentrations from

North American shales as the normalizing standard (Haskin and

Haskin, 1966). This standard was chosen because it best approxi-

mates marine sediments and thus REE behavior different from the

normal sediment would be more easily observed (Piper, 1974).

Shown in Figure 12 are the normalized REE patterns for the detrital

samples, the dark layers and the light layers. The REE patterns

of the detrital samples are similar to the shale pattern as the ratio

of detrital REE/shale REE is close to a straight line along the series.

The REE pattern of the Blanco Trough sediments is different from

that of the detrital samples, with both the light and dark layers

having a pattern that reflects a seawater pattern, also shown in

Figure 12.

Leach Chemistry, General. The leach experiment indicates that

the material causing the dark color is leachable; as after treatment,
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no color difference between the originally light and dark layers is

observed. Further, a cursory smear slide examination of a dark

sample, before and after leaching, indicated that the reddish semi-

opaque globule s are removed by the leach. Between 5. 6 and 13. 6%

of the total sample weight of the light layers is leachable. Except

for the dark sample, BHZ 159 at 11. 7% leachable, the dark samples

have from 14.2% to 21.5% of the total weight being leachable. The

detrital samples have less than 2. 0% of the total weight being

leachable.

Table 6 indicates that the leach is extremely effective in re-

moving Mn (up to 99. 7%) and except for Al, Fe, Si, Sc and Cr, it

also attacks major fractions of all elements analyzed in both the

Blanco Trough sediments and the detrital samples. The leach is in-

effective against the elements Al, Fe, Si, Sc, and Cr, which are

commonly associated with detrital and, in the case of Si, biogenic

mate rial.

A plot of the percent of an element that is leachable against

the percent of the weight leachable will give an indication of where

the leachable material is being removed. [f an element is directly

a part of the material being leached, the percent of that element

that can be leached will increase when more of the leachable material

is present. If an element is not per se part of the leachable material,

but is being leached as a leachable background, as the amount of
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Table 6. Ranges in Percent Leachable.

Blanco Trough Sediments Detrital Samples
Dark Layers Light Layers BH1771 BH2 163

Major elements
Al 5.6-8.5 5. 0-8.7 1.6 1.8
Si 1.5-2.9 0.5-2.0 0.03 0,2
Fe 20.3-36.6 13. 1-31.5 3.2 2.6
Mn 91.3-99.7 55.7-91.3 32.4 29,2

Minor elements
Sc 8.1-21.3 4.6-19.6 6.4 6.8
Cr 2.9-16.3 0.9-14.3 4.8 2. 1
Co 52.4-75.0 32.6-47.2 21.2 9.7
Ni 59.2-82. 1 42.0-53.6 51.3 19.5
Cu 61. 8-73.2 50.4-68.8 65.8 31.4
Zn 51.6-69.2 35.4-57.5 47.8 21.4
As 75.9-89.8 62.2-88.6 21,4 23.8
Sb 45.5-94.8 57.5-83.8 54. 1 65. 7
Ba 17. 1-44.4 16.3-31.3 21.2 27.1
Th 33.3-53.1 37.1-48.9 32.2 38.8
U 49.3-69.7 20.5-64.6 47.0 --

Rare earth elements
La 12.3-32.8 12,6-32.6 -- 14.7
Ce 33.9-53.2 8.7-40.6 -- 9.4
Nd 8.8-58.8 8.5-34.9 -- 10.2
Sm 15.1-40.0 11.6-37.6 -- 16.2
Eu 0 -33.2 0 -36.5 -- 25.8
Tb 19.5-53.3 25. 7-47.0
Yb 30.3-53,5 15. 7-49.5 -- 26.5
Lu 4. 1-47. 1 22. 0-54. 6 9.5 47, 7

Percent Leachable (grams of element leachable
grams of element in bulk x 100
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leachable material changes, the percent of the element leachable

will remain constant because no additional leachable amount of that

element is being added. In examining this type of plot for several

elements in the Blanco Trough sediments (Figure 13), several re-

lations are found. As expected, the percent leachable Mn quickly

increases as percent weight leachable increases and reaches 99%

leachable by 16% weight leachable. Percent leachable iron also in-

creases as percent weight leachable increases but reaches and main-

tains approximately 28% leachable Fe as the percent weight leachable

increases above 14%. This indicates that while there may be some

initial Fe being added by the leachable material, the leachable Fe is

either of decreasing importance in the leachable material as the

amount of leachable material surpasses 14% or it is being added by a

phase that is associated with but not directly a part of the leachable

material. Silicon (Figure 13c), which in bulk composition decreases

with increasing Mn, displays a strong correlation between percent

Si leachable and percent weight leachable. This strongly suggests

that a small part (maximum 3%) of the silicon is in the same material

that the leachable Mn is in.

The cerium plot (Figure 13d) indicates that greater than 50% of

the total Ce is leachable at high leachable weight percent compared

to less than 20% leachable Ce at low leachable weight percent.

Because of the REE behavioral similarities, this suggests that a
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major portion of the REE are being added along with the increasing

Mn. Generally, for the rest of the elements, the percent leachable

appears to be related to the amount of enrichment in the Blanco

Trough sediments compared to the detrital samples. The elements

that have strong enrichments also tend to have high leachable per-

centages while those with low enrichments have low leachable

percentages.

Leach Chemistry, Residual Phases. The average corn-

position of the nine dark layer residual phases (the residual phase is

the material that remains after leaching) is: Al.-6. 76%, Si-26. 80%,

Mn-0. 18%, Fe-6. 66%, while the average composition of the seven

light layer residual phases is: Al-6. 34%, Si-27. 34%, Mn-O.20%,

Fe-6. 35%, indicating that there is no major element differences

between the residual phases of the light and dark layers. The ranges

for these residual phases is given in Table 7. The residual phases

of the two detrital samples (composition: Al-8. 66 and 8.20%; Si-

25. 82 and 25. 97%; Mn-0. 07 and 0. 02%; and Fe-4. 73 and 5.25% for

BHl77l and BH2163, respectively) are higher in Al and lower in the

other major elements suggesting that the residual phases of the

Blanco Trough are quite distinct from the detrital residual phases.

The minor elements give similar results indicating that no difference

occurs in the residual phases between light and dark layers but that



Table 7. Ranges in Residual Phase Composition.

Blanco Trough Sediments Detrital Samples
Dark Layers Light Layers BH1771 BH2 163

Major element (%)
Al 6. 17-7.06 6. 13-6.99 8.66 8.20
Si 25. 8-27.6 .25. 9'-28. 9 25.8 25.8
Fe 5.75-7.72 5.25-7.53 4.73 5.25
Mn 0.01-0.28 0.11-0.27 0.07 0.02

Minor elements (ppm)
Sc 21-29 10-28 16 20
Cr 125-157 118-164 96 149
Co 20-34 31-43 16 21
Ni 71-241 105-219 45 102
Cu 60-103 68-133 23 45
Zn 92-184 121-200 132 121
As 2.2-8.4 1.6-3.5 2.4 1.9
Sb 0.4-1.5 0.8-3.4 0.7 0.8
Ba 2260-5020 2290-4370 1140 1000
Th 1. 7-3.5 2.0-3.5 8.0 5.4
U 0.8-1.5 0.7-1.6 2.0 2.0
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differences do exist between the Blanco Trough sediments and the

detrital samples. The relations are illustrated in Figure 14, a

normalization plot of the major and minor element composition of

the various residual phases that was produced by dividing the corn-

position of the individual phases by the average Blanco Trough

residual phase.

The residual phase REE plots are shown in Figure 15. The

Blanco Trough residual phases exhibit a Ce-depleted or seawater-

like pattern while the detrital samples show a flat-line pattern which

shows similarity to shale abundances. As indicated by REE ratios

near 1. 0, the abundances of the REE in the residual phases are

nearly the same as for shale.

Leach Chemistry, Leachable Phase. The leach phase composi-

tion was determined by dividing the grams of the element leached by

the grams of total weight leached (corrected for salt content). The

ranges in composition of the leach phase are listed in Table 8.

A plot of the concentration of an element in the leachable phase

versus the percent leachable weight will show the relative importance

of that element in the leachable phase. This type of plot will be a

horizontal line if the leachable phase is of a constant composition.

Any deviation from a horizontal line indicates a changing leach

phase composition.
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Table 8. Ranges in Leachable Phase Composition.

Blanco Trough Sediments

Major elements (%)

64

Detrital Samples
BH1771 BH2163

Al 1.6-7.3 10.8 8.2
Si 1.8-4.3 0.7 3.0
Fe 8.6-26.0 11.9 7.6
Mn 3.2-30.5 2. 7 0.5

Minor elements (ppm)
Sc 8-46 84 78
Cr 16-175 366 168
Co 204-322 328 120
Ni 1070-1730 3560 1310
Cu 630-5000 3350 1090
Zn 660-1860 9070 1760
As 61-137 49 32
Sb 7-104 61 84
Ba 3700-12600 23000 20000
Th 7-33 287 187
U 4-17 132 --
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As seen in Figure 16, the composition of the leachable material

of the Blanco Trough sediments is quite variable. At low leachable

weight percent, the leachable phase is mainly Fe (approximately

20%) which decreases as both Mn content and leachable weight per-

cent increase; Mn reaches approximately 30% while Fe drops to 10%.

This inversion of Fe and Mn results in the light layer leachable

phases having an Fe/Mn ratio of greater than 1. 0 while the dark

layer leachable phases have an Fe/Mn ratio of less than 1. 0. In the

Blanco Trough leachable phases, aluminum decreases from 7. 0 to

1. 6% as Mn increases, but Si remains essentially constant at about

3. 0%. This change in composition suggests that either the process

forming the leach material is variable or the leachable material is

generated by at least two processes, one producing a Fe-rich

material and the other a Mn-rich material. The leach phases from

the detrital samples, also plotted in Figure 16, are essentially Al-

rich and Fe-, Si- and Mn-poor.

Copper and zinc, both averaging about 1000 ppm in the leachable

phases, show a pattern of highest concentration in the low Mn

material, decreasing as Mn increases. This pattern, displayed by

Cu in Figure 17, is generally followed by all of the minor elements

except for Ni, Co and As, which are basically constant regardless

of the Mn content (Cobalt is shown plotted in Figure 17).

The REE of the leachable phases, when normalized to shale
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(Figure 18) exhibit interesting patterns. Even though the error in

these numbers is rather large, the similar trends in the patterns

lends support that these patterns are real. The leachable phase REE

of the dark layers seem to have two patterns, one pattern is light

REE depleted which bears a striking resemblance to tholeiitic

basalt and the other pattern is very erratic but characterized by low

Nd. The light layer leachable phase REE also exhibit a light REE

depleted pattern but also tend towards a Ce depletion reminiscent of

the seawater pattern. The leachable phase REE detrital pattern,

represented by the detrital sample, BH2.163, is similar to the sea-

water pattern.

Assorted Chemistry, Molybdenum. The results for the six

samples analyzed for Mo with their respective Mn values are listed

in Table 9. As noted in the methods section, these results are not

very precise and are presented only because they indicate the gen-

eral behavior of molybdenum in these sediments. Molybdenum

ranges from 0 ppm to 20 ppm and shows an apparent correlation with

Mn content.

Assorted Chemistry, Blanco. Trough Basaltic Material.

Because volcanic ash is nearly ubiquitous in these cores as dispersed

particles and as discrete ash layers, two of the ash layers (W7605B-

13-GC, 53.0-53.5 cm and W7605B-l4-FF3, 19.5-20 cm) were
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Table 9. Molybdenum in the Blanco Trough.

Sample Color Mo (ppm) Mn (%)

BH2149 Dark 20±6 3.56

BH2155 Light 0±3 0.65

BH 2156 Medium 1
.
4 2. 30

BH2159 Dark 10+4 2.26

BH2160 Light 0±3 0.76

BH2161 Medium 1+3 1.53

NOTE: For identification of sample names, see Appendix V.
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sampled for analysis of the ash itself to determine the source of

this material. The samples were wet sieved at 125 m and then

using a microscope and tweezers, individual ash shards were picked

from the samples. Approximately 20 mg of ash for each layer was

selected in this manner and then analyzed along with one of the rock

chips from W7605B-10-GC by M. Hower using atomic absorption

spectrophotometry. The results are listed in Table 10, along with

an average tholeiitic volcanic glass from the Juan de Fuca Ridge

(Melson et al., 1976). The results indicate that all three samples

are similar to each other, are tholeiitic in composition and confirm

a local submarine origin.

Assorted Chemistry, Organic Carbon. Because organic

carbon undergoes oxidation to carbon dioxide in an oxygen-rich

environment by both inorganic reaction and biologic activity, varia-

tions in organic carbon can give clues to the oxidation state of. the

depositional environment. Listed in Table 11 are the organic carbon

contents of 33 samples. Nineteen of these samples are from layers

which were analyzed for bulk chemistry including 12 layers that were

run in the leach experiment. The organic carbon content of the

Blanco Trough sediments vary from 0. 42 to 1.50% organic carbon.

By comparing associated pairs of light and dark layers, the dark

layers consistently have 20-30% lower organic carbon values.



Table 10. Composition of Blanco Trough Basaltic Material.

W7605B-14-FF3 W7605B-l0-GC W7605B 13-GC Juan de Fuca Ridge
Element 19-20 cm ASH ROCK CHIP 53-53.5 cm ASH Tholeiitic Glass*

Al (%) 8. 10 8. 62 8.03 7.73

Si (%) 24.77 23.51 23.23 23.33

Fe (%) 11.00 8.50 9.67 7.62

Na(%) 2.74 2.11 2.14 1.85

K (%) 0.32 0.36 0.37 0.17

Ca (%) 9.36 8.43 8. 76 8. 79

Mg (%) 4.76 4,03 5.20 4.58

Ti (%) 1.05 1.04 0.95 0.78

Mn (%) 0. 199 0.207 0. 199 --

Cr (ppm) 364 297 304 260

Ni (ppm) 283 138 179 65

*Melson et al. (1976)

-J



Table 11. Organic Carbon Content of the Blanco Trough Sediments.

Core Sample
(cm)

Geochem
Accession #

Equivalent
Color Organic Carbon

(%)

Corrected*
Organic Carbon

(%)

7211-4-FFZ 13-14 -- Light 1.50 --
7211-4-FFZ 14-16 -- Dark 1.28 --
7211-4-FFZ 104-106 BH0507 Light 0.87 --
7211-4-FF4 2-3 BH0575 Dark 0.98 --
7211-4-FF4 8-9 -- Dark 1. 14 --
7211-4-FF4 22.5-23.5 BT-11757 Light 1.16 1.30
7211-4-FF4 25-26 BH1760 Dark 0.83 1.02
7211 -4-FF4 52.5-53.5 -- Light 0.93 --
721l-4-FF4 54-55 -- Dark 0.68 --
7211-4-FF4 66-67 -- Light 0.94 --
7211-4-FF4 68.5-69 -- Dark 0.98 --
7211-4-FF4 76-76.5 BH2167 Dark 0.76 0.95
7211-4-FF4 78-79 BH0577 Light 0.73 0.84
7211-4-FF4 96-97 BH0577 Light 0.86 --
7211-4-FF4 97. 7-98.2 -- Dark 0.87 --
W7605B-13-GC 3-4 BH2149 Dark 1.06 1.27
W7605B-13-GC 8-9 BHZ15O Light 1. 12 1. 19
W7605B-13-GC 10-11 BH2151 Dark 0.98 1.24
W7605B-13-GC 14.5-15.5 BHZI52 Light 1.27 1.39
W7605B-13-GC 18-19 BH2164 Dark 0.90 1.08
W7605B-13-GC 42-43 BH2155 Light 1.40 --
W7605B-13-GC 76-77 BH2 156 Medium 0.60 --
W7605B-13-GC 86-87 BH2 165 Dark 1.02 1.19
W7605B-13-GC 90-91 BH2166 Light 1.34 1.51
W7650B-13-GC 92.5-93 BH2157 Dark 1.18 1.47
W7605B -13 -GC 93.5-94 - - Light 1.07 -

W7605B-14-FF3 3.8-4.3 BH2159 Dark 0.94 --
W7605B-14-FF3 6.5-7.0 -- Light 1.00 --
W7605B-14-FF3 14-14.5 -- Light 0.83 --
W7605B-14-FF3 16-17 BH2161 Medium 0.61 --
W7605B-9-GC 7.0-7.5 -- Dark 0.82 --
W7605B-9-GC 31-32 -- Medium 0.42 --
W7605B-9-GC 50-51 BH2148 Light 0.51 --

To organic carbon* Corrected for leachable weight (i.e. (100-% weight le-achab1e
NOTE: Error in organic carbon is ±0.04 -J
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Assuming that no or little organic carbon is leachable (this is a

reasonable assumption because the leach is a reducing solution), the

values of organic carbon on twelve of the samples can be corrected

for leachable material content. The corrected results (Table 11)

indicate that while the paired values are brought closer together,

(for two pairs the corrected values are essentially equal) this does

not by itself explain the difference, therefore another factor must be

present causing the difference. This will be discussed later.

Assorted Che mi stry, Carbonate. Since only one core,

W7605B-9-GC, contains carbonate as a major phase, carbonate was

determined on that core alone. Figure 19 shows the down core varia-

tions in carbonate content while Table 12 lists the results. The

general pattern of low carbonate, high carbonate then moderate

carbonate content down core is common in this area (Peterson, 1969,

see Figure 19) and is due mainly to changes in bottom water corro-

siveness (Heath et al., 1976). The abrupt decrease in C aGO3 has

been dated at 15, 000 years (Heath et al., 1976) and therefore supplies

a stratigraphic time marker to supplement the carbon-l4 dates dis-

cussed later.

Summary of the Blanco Trough Sediment Qeochemistry

The sediments of the Blanco Trough contrast with those outside
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Figure 19. Calcium carbonate contents of core W7605B-9-GC and
core 6604-2 (Peterson, 1969; 43°08.5'N, 128°08.O1W).
-4c dates indicate that the double peak in both cores

occurs at the same time.
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Table 12. Carbonate Content of W7605B-9-GC.

Sample (cm) % CaCO

0-1 4.23

3-4 13.42

4-5 22.82

5-6 38.38

7-8 33.40

13-14 29.93

15-17 39.42

19.5-20 19.31

28-30 17.76

37-39 21.42

50-51 24.70

56-58 24.52
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the Trough by their: (1) higher Si/Al ratio, (2) higher Fe/Al ratio,

(3) higher Sc/Al and Cr/Al ratios, (4) highly variable Mn content,

(5) general enrichment of the minor elements, and (6) markedly

different REE pattern. It is obvious that Mn is responsible for the

color variations in the Blanco Trough sediments; however, other

chemical distinctions between light and dark layers are rather

subtle. Of the minor elements, only nickel, cobalt, and arsenic are

shown to differentiate between light and dark layers. Uranium and

molybdenum, elements whose general chemical behavior is the oppo-

site of Mn, are not strongly enriched in the low Mn layers but instead

are constant (uranium) or increasing (molybdenum) as Mn increases.

The leach experiment revealed: 1) that the leachable phase varies

from Fe-rich (light layers) to Mn-rich (dark layers), 2) that the

minor elements decrease from the Fe-rich phase to the Mn-rich

phase, and 3) that the amount of leachable silicon depends on the

total amount of material that is leached. The residual fractions of

the leach have a composition which is the same for both light and

dark layers. In general, the REE patterns of the leachable fraction

resemble the pattern observed in basalt, whereas the residual

fractions have a more seawater-like pattern. The organic carbon

results show a slight difference between light and dark layers, the

dark layers having lower organic carbon content, that is not due to

the weight influence of the leachable material. The carbonate content



of W7605B-9-GC is seen to vary down core in a trend similar to

cores outside the Blanco Trough.

Accumulation Rates

Fortunately for this study, one of the five cores is calcareous

and thus can be dated by carbon-14 methods. K. Rudolph of the

University of Miami dated five samples from core W7605B-9-GC.

The five dates obtained plus the time marker from carbonate strati

graphy were used to obtain sedimentation rates. Accumulation rates

were determined for the elements: Al, Ba, Cu, Fe, Mn, Ni, Si and

Zn, using the equation: A = C 5. (1 X), where A accumulation

rate, C element concentration, S = sedimentation rate, = wet

bulk density, and X weight fraction of water in the sample.

Accumulation Rates Results

Table 13 lists the samples and dates determined by carbon-14

along with the carbonate stratigraphy date. The age versus depth

plot (Figure 20) indicates that there have been large variations in

sedimentation rates in this core. Sedimentation rates of 0. 6 cm/103

yr, 5. 6 cm/l03 yr and 1. 7 cm/103 yr were determined for the core

intervals; surface to 6 cm, 6 cm to 28 cm and 28 cm to the bottom

of the core, respectively. The surface sedimentation rate of

0. 6 cm/JO3 yr was determined by assuming a maximum surface age
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Table 13, Carbon-14 Dates of W7605B-9-GC.

Sample Interval (cm) Date (yr)

1-9 14, 673 ± 190

12-18 17, 164 ± 140

24-32 18,442 ±5
38-46 28,025+372

51-59 33,651 869

5-6 15,000*

* This date due to carbonate stratigraphy, not dating.
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of 5000 years (Peng et al., in press). If no surface age is assumed

and the sedimentation rate is extrapolated from the 6-28 cm interval

to the surface, there would be no decrease in the sedimentation rate

for the surface layer as would be expected from the decrease from

40 to 4% carbonate. A sharp decrease in sedimentation rate near

the sediment surface is seen throughout the Cascadia Basin area

and is due mainly to changes in detrital sediment supply caused by

the change from extensive glaciation in the Late Pleistocene to the

present climatic conditions (Duncan, 1968; Peterson, 1969 and

Heath et al., 1976) and to changes in the bottom water which resulted

in decreased preservation of carbonate (Peterson, 1969 and Heath

et al., 1976). Sedimentation rates of 3, 54 and 37 cm/103 yr for the

same time intervals for core 6509 -Z1A (Duncan, 1968) which is

located just outside the Blanco Trough, show this decreased surface

sedimentation rate and indicate that a restricted amount of detrital

sediment enters the Blanco Trough.

Carbonate accumulation rates were calculated for the samples;

0-1 cm, 5-6 cm, and 19.5-20 cm, in order to compare to the rates

determined by Peterson (1969) for a core not far from the Blanco

Trough. Both sets of accumulation rates are shown in Table 14.

The results indicate that the rate of accumulation of carbonate is

the same inside and outside the Trough. Because there is no

apparent reason why these rates should be different, these results



Table 14. Carbonate Accumulation Rates.

W7605B-9-GC 6604-3*

Sample Age Accumulation Rate Age Interval Accumulation Rate
(g/crn2/l000yr) (g/cm2/1000 yr)

0-1 cm 5000 0.01 0-12,500 0.05

5-6 cm 15000 1. 19 12, 500-14, 000** 1.34

195-20 cm 17500 0.56 14,000-19,000 0.40

* From Peterson (1969) core location 43°27. 1)N, 128° 11. l'W

** The 14, 000 year division is an extrapolation that was picked as the point
at which the accumulation rate changes (Peterson, 1969). However,
Heath et al. (1976) indicate that the highest accumulation rate occurred
at about 15, 000 years.



support the original sedimentation rates.

The elemental accumulation rates are tabulated in Table 15 and

indicate two items of interest. First, there is an abrupt order of

magnitude decrease in accumulation rate in the surface sample that

is caused by an order of magnitude decrease in the sedimentation

rate. The reasons for this decrease have already been discussed

but if there was no decrease in sedimentation rate7 the already high

trace metal accumulation rates would be even higher. The second

item of interest is the high and variable manganese accumulation
2 3rates (4. 6 to 43. 9 mg/cm /10 yr). To determine how much of the

Mn accumulation rate results from the influx of detrital Mn, the

residual phase Al/Mn ratio was chosen as the best estimate of

detrital Mn content. The Mn accumulation rates adjusted for

detrital input vary from 1.2 to 39.0 mg/cm2/l03 yr (Table 16). The

"excess't Mn accumulation rate still shows an order of magnitude

decrease in the surface sample even though the detrital influence has

been removed.

Summary of Accumulation Rate Results

The general Cascadia Basin sedimentation rate pattern of a

slow, then fast, then moderate rate down core is seen in core

W7605B-9-GC except that the Blanco Trough rates are approximately

one-tenth of those outside the trough. The elemental accumulation



Table 15. Elemental Accumulation Rates for W7605B-9'-GC.

Sample 0-1 13-14 15-17 19.5-20 28-30 37-39 56-58
(cm) Dark Dark Light Dark Medium Medium Light

2 3rate units (mg/cm /10 yr)

Al 11. 8 148.9 149.0 168. 0 196. 7 181.9 151. 9

Fe 11. 7 146. 0 137. 0 156. 0 156.9 155. 6 146.4
Si 45.0 500.0 484.0 534.0 623.4 580.0 474.2
Mn 4.6 42.2 25.0 44.0 22.9 20.6 8,5
Ba 1.1 7.9 6.6 9.1 7.4 7.8 10.2

2 3rate units (pg/cm /10 yr)

Cu 42 493 438 536 402 368 458

Ni 55 524 338 518 351 335 304

Zn 61 500 393 524 427 430 400



Table 16. HExcessu Manganese in W7605B-9-GC.

0-1 13-14 15-17 19.5-20 28-30 37-39 56-58
Sample Dark Dark Light Dark Medium Medium Light

concentrations (%)

Total Mn 2.21 1.36 0.73 1.51 0.73 0.67 0.31

Detrjtal Mn* 0. 16 0. 14 0.12 0. 17 0. 18 0. 17 0. 16

"Excess" Mn 2.05 1.22 0.61 1.34 0.55 0.50 0. 15

accumulation rates (mg/cm2/1 yr)

"Excess" Mn 4. 3 37. 9 21.0 39. 0 5.2 4. 6 1.2

* Detrital Mn calculated from Mn/Al ratio in residual phase

Detrital Mn = (Total Al) (Average residual Mn
Average residual Al

= (Total Al) (0. 029)

This calculation assumes that all the Al is detrital and that the residual ratio is
equal to the detrital ratio. Since up to 10% of the Al is leachable, the calculated
detrital Mn is probably an upper limit.

Ui



rates for this core are essentially constant except for all the elements

in the surface layer and for manganese throughout the core.



DISCUSSION

The uNormall$ Sediments of the Blanco Trough

Before discussing the origin and cause of the Mn-enriched sedi-

ments of the Blanco Trough, the 11normal" sediments accumulating

in the Trough need to be identified. The following are distinctive

characteristics of the hmnormalU Blanco Trough sediments when

compared to nearby sediments outside the Trough:

1) The Blanco Trough sediments have a nearly ubiquitous pre-

sence of volcanic ash whereas volcanic ash is rarely found in the

sediments outside the Trough (Duncan, 1968; Phipps, 1974).

2) The sediments of the Blanco Trough are clayey silts whereas

outside the Trough, the sediments are silty clays.

3) The Blanco Trough sediments are relatively depleted in

smectite (montmorillonite) in the clay fraction when compared to the

sediments outside the Trough.

4) For elements dominated by detrital sources, Al, Si, Fe,

Cr, and Sc, the Blanco Trough sediments have higher Si/Al, Fe/Al,

Cr/Al and Sc/Al ratios than those outside the Trough.

5) The sediments inside the Trough have a REE pattern that is

dominated by a material having a seawater pattern whereas the

sediments outside the Trough have a shale pattern.

The chemical differences are not due to the process prodt2cing



the Mn material as the residual phases of both light and dark layers

also show these chemical differences (Table 7, Figure 15). The

similarity of the residual phases of the dark and light layers (Table 7)

indicates that the fraction not associated with the Mn is the same for

both layers; however, the results show that fundamental differences

exist between the sediments inside and outside the Blanco Trough.

These differences probably result from the isolation of the

Blanco Trough to bottom transport of detrital material. The Blanco

Trough sediments, therefore, are mainly pelagic in nature. The

isolation of the Blanco Trough sediments from the detrital sedimenta-

tion processes which are important outside the Trough is supported

by the sedimentation and accumulation rate differences between in-

side and outside the Trough. While the carbonate accumulation rates

show that there is an equal amount of pelagic carbonate "rainingTM

down inside and outside the Trough (see Table 12), the total sedi-

mentation rates for inside the Trough are approximately one-tenth

of the rates outside the Trough. This suggests then that terrigenous

sediments account for at least 90% of the total sediment deposited

outside the Trough. Because bottom currents can generally only

transport the finest material at distance from the source (the distal

parts of turbidity flows are clays, Walker and Mutti, 1973), the

sediment derived from such a source will be predominantly clay-

size material as seen in the sediments outside the Trough. The



Blanco Trough sediments, lacking this input of clay-size material,

are more representative of the pelagic debris and therefore siliceous

tests and volcanic ash, both of which are silt-sized or larger, will

be relatively more important components of the sediment. Car-

bonate tests are insignificant in four of the five cores because the

four cores were recovered from below the calcite compensation depth

which lies at about 3500 m in this area (Berger and Winterer, 1974).

The importance of siliceous tests in the Blanco Trough sediments is

reflected in the relatively high Si/Al ratio. The abundance of volcanic

ash shows up as high Fe/Al, Cr/Al and Sc/Al ratios. The low

smectite content of the Blanco Trough sediments can be explained

by the relation between decreasing smectite (montmorillonite) con-

tent and increasing distance from the Columbia River that was found

by Duncan et al. (1970).

The sediments outside the Blanco Trough are mainly of tern-

genous origin (Phipps, 1974), while the sediments inside the Blanco

Trough, excluding the Mn phase, have been shown to contain major

components of biogenic silica and volcanic debris in addition to con-

tinental detrital material.

Core W7605B-9-GC, which yielded intermediate data between

the outside detrital samples and the bulk of the Blanco Trough data

(Figures 8 and 9), probably receives some material from outside

the Trough that the deeper cores do not. This is due to its location



in the upper sub-basin and close proximity to the 3000 m sill

(Figure 2). If some material from outside the Trough is brought

in through this opening by bottom currents, chances are this

material will deposit primarily in the upper sub-basin. Thus, it

seems reasonable that the chemistry of core W7605B-9-GC would be

subject to a stronger influence of terrigenous material.

Effects of the Presence of the Mn 1Phase on the
Blanco Trough Sediment

To determine how the presence of the Mn phase alters the

Blanco Trough sediments, the differences between light and dark

layers need to be examined. Evidence indicating the presence of the

Mn "phase" in the dark layers, besides color, is seen in the fre-

quency distribution of the silt-size range, wet bulk and average grain

densities and possibly in the organic carbon content.

While the manganese "phase" is not of any discrete size fraction,

its presence is shown in the form of a gentle increase in the amount

of finer silts in the dark layers (Figure 6). That the manganese

"phase" is of this small size is also seen by the fact that the color

distinction between layers is present in both the silt and clay-size

fractions.

The presence of the Mn "phase" is also noticeable in the in-

creased wet bulk densities and associated average grain densities
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of the dark layers (Table 3). By using average grain densities to

avoid the problems of water content and porosity in wet bulk density,

the effect of adding Mn02 can be estimated. Starting with an initial

average grain density and then adding a phase of known density, the

average grain density will change according to the relation:

where:

gi gi(x) + p(x) gf

gi initial average grain density

gf final average grain density

p density of the additional phase

x weight fraction of the phase added

A good estimate of the average dark layer Mn content is 5. 0% which

represents a weight fraction of 0. 079. Using this weight fraction,

the average grain density of the light layers (2, 15 g/cm3) as the

initial average grain density, and the density of pure Mn02,

5. 03 g/cm3 (the use of the density of pure Mn02 instead of Mn

nodule or Mn02 crust densities is justified because by dealing with

average grain density, water and porosity effects are eliminated),

an estimate of 2. 38 g/cm3, as the average grain density of the

average dark layer, is calculated. This agrees well with the experi-

mentally determined range of 2.32 to 2. 65 g/cm3 for the dark

layers. Therefore, the presence of the Mn "phaseTM explains, for the

most part, the difference in average grain densities between light
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and dark layers.

The organic carbon content of the dark layers is less than that

of adjacent light layers (Table 11). As indicated previously, this

difference is not due just to the weight influence of the Mn phase"

on the bulk sediment, although it may in some cases explain the

difference. One possible explanation for this difference is that Mn02

causes a catalytic oxidation of organic carbon compounds (Meth-Cohn

and Suschitzky, 1969). Even though optimum conditions are probably

not present in the deep-sea depositional environment, given geologic

time it is possible that sediments containing high MnO2 concentra-

tions would contain relatively lower organic carbon contents due to

this catalytic effect. Because the Mn content of the dark layers

varies 2 to 20 times that of the light layers, the Blanco Trough

sediments may be affected by this mechanism resulting in the differ-

ing organic carbon contents.

The Origin of the Mn Enrichment of the
Blanco Trough Sediments

Focusing now on the Mn UphaseH and its origin, it is time to re-

call the three working hypotheses. The hydrogenous precipitation

model predicts a Mn 'tphase" high in the trace metals and a REE

pattern with a positive Ce anomaly. The Mn would accumulate at a

slow rate, 1 mg/cm2/l03 yr, and there should be no compositional
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difference in the Mn 'phase" between light and dark layers. The Mn

"phase" from the anoxic -oxic precipitation model should have mixed

trace metals, some high and some low, but of most importance for

this model would be the strong depletion of Mn and enrichments of

U and Mo in the light layers. The light layers should contain a rela-

tively high organic carbon content and sulfide minerals. Similar to

the hydrogenous precipitation model, the anoxic-oxic precipitation

model should show little if any compositional variation in the Mn

"phase." For the hydrothermal solution precipitation model, high

Mn accumulation rates are predicted. Low trace metal and rare

earth element concentrations with REE patterns possibly seawater-

like or basalt-like should be found. Because the light and dark

layers signal changes in hydrothermal activity, the solution emanat-

ing from the hydrothermal system may be of varying composition and

therefore the Mn "phase" may vary considerably in composition.

Which of these hypotheses best explains the analytical results?

A ternary diagram of Fe/Mn/(Co+Ni+Cu) (Figure 21) indicates that

the leach phase compositions fall in the hydrothermal field defined

by Bonatti et al. (1972). Although shifted to the Fe side by detrital

Fe, the bulk chemistry data also fall in the hydrothermal field. The

trace metals are not enriched strongly enough to fit the hydrogenous

model. While the bulk REE pattern is seawater-like as expected by

hydrothermal model, the unexpected basaltic pattern in the leachable
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phase can also only be explained by the hydrothermal model. Per-

haps the strongest evidence for the hydrothermal model is the

extremely high Mn accumulation rates, to 39 mg/cm2/103 yr. These

accumulation rates compare with the highest Mn accumulation rate

measured on the East Pacific Rise of 28 mg/cm2/l03 yr (Bender

et al., 1970) and are the highest values of Mn deposition rates ever

reported in deep-sea sediments.

In the anoxic-oxic model, it is difficult to explain the fact that

the light layers still contain more Mn than the detrital samples (0. 3%

compared to 0. 1%), as it might be expected that the sediments depo-

sited during the reducing period would have lost Mn to the overlying

waters and thus, be even lower in Mn than the typical sediments.

The Mo and U contents are not enriched in the light layers as pre-

dicted by the anoxic-oxic model but rather a slight Mo enrichment

is observed in the dark layers. The enrichment of Mo in the Mn-rich

layers can be explained by the common occurrence of increased Mo

in ferromanganese deposits in general (Cronan, 1969; Goldberg and

Arrhenius, 1958; Bostrom and Peterson, 1969; Kendrick, 1974;

Bertine, 1970). The absence of sulfides or other authigenic minerals

in either the light or the dark layers further discredits the anoxic-

oxic model. As indicated, the slightly higher organic carbon content

in the light layers may be due to the dilution effect of the Mn phase"

in the dark layers or due to the increased oxidation of organic matter
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in the presence of Mn02.

It appears then that of the predicted results, only the hydro-

thermal solution precipitation model is compatible with the majority

of the data.

What other data can be explained by or is supportive of the

hydrothermal solution precipitation model? The most obvious

evidence is the presence of volcanic ash throughout the cores. The

volcanic ash of local origin as indicated by its composition and the

presence of a hydrothermal circulation system are mutually com-

patible. It seems reasonable that water coming into contact with hot

rock would create ash shards (Scheidegger, 1973), even at depths

below the crustal surface, and that the exiting flow could sweep the

ash out of the circulation system to be deposited randomly in the

sediment.

The interesting behavior of leachable Si, increasing leachable

Si with increasing leachable weight (Figure 13), is also consistent

with the hydrothermal model. It is reasonable that Si should be a

constituent of hydrothermal solution deposits (Zelenov, 1964;

Corliss, 1971; Heath and Dymond, 1977) but is likely to be masked

in the total Si, by large biogenic or terrigenous inputs. If there has

been little or no smectite formation as seen on the Nazca Plate to

bind hydrothermal Si into a crystal lattice (Heath and Dymond, 1977),

the ammonium oxalate-oxalic acid leach should be able to attack the
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poorly crystalline phases which are likely to be precipitated from a

hydrothermal solution. The low concentrations of amorphous iron

in the Blanco Trough sediments, when compared to the sediments of

the Nazca Plate (Heath and Dymond, 1977), probably prevents

smectite formation forcing the hydrothermal Si to remain in phases.

leachable by the ammonium oxalate-oxalic acid treatment.

Considering the multitude of data supporting the hydrothermal

solution precipitation model, it is hard to imagine another model

that is not exceedingly complex, and that will explain all the data of

this study as well as and as easily as the hydrothermal solution

precipitation model does.

The Hydrothermal System of the Blanco Trough

Now that the hydrothermal origin of the Mn material of the

Blanco Trough seems likely, what can be inferred about the hydro-

thermal system that produces this Mn phase '?

Assuming the leachable portion of the sediments originates by

precipitation from hydrothermal solutions, the variability of the

Fe/Mn ratio (Figure 21) must be accounted for. The high Fe/Mn

ratios occur only at low leachable weight (Figures 13 and 16) where

relatively minor sources of leachable material could affect the Fe/Mn

ratio. The high Fe/Mn ratios do not occur at higher leachable

weights as would be expected if the variability in Fe/Mn ratio was



due to variations in the composition of the hydrothermal fluids.

There is no reason to expect that the amount of material precipitated

from the hydrothermal fluid depends upon the Fe/Mn ratio. One

source of leachable Fe at low leachable weight could be palagonite,

altered volcanic glass, because palagonite contains iron oxides

(Bonatti, 1965; Bonatti and Nayudu, 1965) that are probably leach-

able by the oxalic acid treatment. Some of the leachable Mn at low

leachable weight may be from hydrogenous precipitation, which is

suggested by the increasing enrichment of the minor elements as the

Mn content decreases in the lower leachable weights (Figure 17). It

appears that the variability of the composition of the Mn "phase"

may be due to a changing dominance of several phases. At high

leachable weight, the Mn "phase" is mainly hydrothermal in origin

but at low leachable weight, the Mn "phase" exhibits a possible in-

fluences of hydrogenous material and leachable palagonite.

The high leachable-weight leach phase has a composition of

about 30% Mn and 10% Fe (Figure 16) which indicates a domination

of Mn over Fe in the hydrothermal fluid. This domination indicates

that there has been a strong fractionation of Fe and Mn by the hydro-

thermal system because Fe is about 50 times more prevalent in

basalt than Mn. This fractionation of Mn and Fe could be accom-

plished by the difference in solubility between Fe-oxides and Mn-

oxides (Krauskopf, 1957) or by the precipitation of Fe-sulfides in



the reducing zone of hydrothermal systems. The precipitation of Fe

oxides with no coprecipitation of Mn is an effective fractionation

method in a system with a continuous flow of slightly reduced fluids

(Hem, 1977). In various experimental hydrothermal systems

(Bischoff and Dickson, 1975; Motti, 1976; Seyfried and Bischoff,

1977), it appears that Mn dominated hydrothermal fluids form under

the conditions of either low hydrothermal alteration temperatures or

low water/rock ratios.

Fracture zones as hydrothermal circulation systems present

all of these possibilities for Fe-Mn fractionation. Because a fracture

zone does not require molten rock near the surface, the water cir-

culating in such a system must penetrate to relatively great depths

to reach hot rock. Since a fracture zone is probably heavily

brecciated, as the hot fluids rise from depth, cold incoming waters

can probably mix with the hydrothermal solutions before these solu-

tions debouch into the open sea environment. This type of system

allows the water to: 1) encounter a large volume of rock if it

circulates through the hottest part of the system, effectively, a low

water/rock ratio, 2) reach only a slightly increased temperature if

it is shunted to the exiting flow, 3) precipitate Fe-sulfides in the re-

ducing zone, 4) begin precipitating Fe-oxides at depth as the oxygen-

ated incoming waters mix with the exiting hot waters. This model

is illustrated in Figure 22. Therefore, it seems reasonable that the
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fluids from off a fracture zone hydrothermal system should be Mn

dominated, producing deposits that are likewise Mn dominated.

By comparison, the precipitates from the hydrothermal systems

of mid-ocean spreading ridges are likely to be Fe-enriched because

with the shallow source of hot rock, due to dike intrusions, only

through sulfide deposition can the Fe be removed from the hydro-

thermal fluid before it enters the open sea. There is less chance

of low temperature alteration reactions until the basalt has moved

away from the ridge and likewise less chance for the precipitation

of Fe-oxides at depth. With a shallow heat source, the fluids moving

through the system will encounter only a limited amount of rock and

thus represent a high water/rock ratio. Therefore, the fluids

emanating from a shallow heat source hydrothermal system, as at

spreading ridges, will be Fe dominated and the fractionation of Fe

from Mn will occur in the open sea environment according to the

models of Bonatti et al. (1972) and Toth (1977).

The basaltic REE pattern in the leachable phase may indicate a

relatively closed precipitation system. Graf (1975) suggests that

hydrothermal fluids debouching into an environment that does not

allow effective mixing with normal seawater will precipitate material

with a REE pattern similar to the rock leached by the hydrothermal

solutions. This assumption, coupled with the obvious bathymetric

containment and restricted water circulation as seen by the
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hydrographic data, makes it reasonbie that the precipitates from the

Blanco Trough hydrothermal system should exhibit a basaltic REE

pattern. The cause of the seawater pattern in the bulk and in the

leached residue is probably due to phosphatic fish debris. Phosphatic

fish debris is not leachable (C. Lopez, pers. comm.) and has been

shown to contain extra-ordinarily high REE concentrations with a

seawater-like pattern (Arrhenius and Bonatti, 1965; C. Lopez, pers.

comm.), suggesting that only a small amount of pelagic-supplied fish

debris could dominate both the bulk and residual REE patterns.

The model of a relatively closed precipitation system is further

supported by the extremely high Mn accumulation rates. The high

value of 39 cm/cm2/103 yr is nearly 1. 5 times the high value

reported for the East Pacific Rise (28 my/cm2/103 yr, Bender

et al., 1970). This high accumulation rate is because little of the

Mn generated in the Blanco Trough hydrothermal system can escape

from the Blanco Trough. If there was efficient mixing of the hydro-

thermal fluid with seawater, a large portion of the Mn could escape

and the accumulation rate would be much reduced.

The fact that there is no consistent pattern at the contacts

between light and dark layers indicates that the hydrothermal system

can begin or stop producing precipitates either slowly or abruptly.

This suggests that the hydrothermal system can evolve from

negligible precipitate production, to maximum production, and then
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taper off back to minimal production or it could begin or end sudden-

ly. The suddent beginnings or endings are probably caused by

tectonic controls associated with plate movements whereas the

evolution sequence is a more normal, not as catastrophic, type of

behavior. The slow beginning may be due to the lack of water, in-

sufficient fractures or vents or insufficient driving mechanisms

(temperature or density differentials). The system slowly matures

and reaches a maximum fluid production state and then because of

the cooling of the rock or clogging of the fracture by deposits, the

system slowly loses its fluid movement capabilities. Through this.

type of a maturation process, the precipitates will slowly begin in-

fluencing the sediments, reach a state of maximum influence and

finally taper off and become a less significant phase in the sediment.

An estimate of the duration of the hydrothermal vents can be

made by examining the time required to produce the dark layers.

From core top to bottom, the six dark layers of W7605B-9-GC

represent time durations of 2500, 200, 200, 200, 100, and 300 years

(calculated by dividing the layer thickness by the sedimentation rate).

Therefore, the hydrothermal vents in the Blanco Trough are

apparently active for periods of from several hundred years to

several thousand years.

In summary, the Blanco Trough hydrothermal system is proba-

bly controlled by tectonics or by a maturation process, involves
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fluids produced by relatively low temperature, low water to rock

ratio alteration reactions and precipitates a Mn-rich phase into a

confined area.



105

SUMMARY AND CONCLUSIONS

The sediments of the Blanco Trough are radically different from

the sediments in neighboring environments. Strong influences of

volcanic and biogenic material are apparent in these sediments in

addition to a Mn-rich component that causes multiple brown layering.

The source and mode of formation of this Mn Tphaseh is controlled

by a hydrothermal system in the Blanco Trough. Relatively high

Mn/Fe values suggest that fracture zone hydrothermal systems may

effectively fractionate Mn from Fe due to the complex nature of

circulation possible in such systems. The high Mn accumulation

rates and unusual basaltic REE patterns in the leachable Mn phase

suggest a captive precipitation environment in which little of the

material generated by the hydrothermal system escapes the Blanco

Trough. A schematic representation of the sediment depositional

processes in the Blanco Trough is shown in Figure 23.

The establishment of an active hydrothermal system in a fracture

zone will no doubt help explain the occurrence of greenstone and

other altered basalts commonly found in fracture zones and parti-

cularly in the Blanco Fracture Zone (Duncan, 1968). Because of its

enclosed nature, the Blanco Trough could be used in studies of the

thermal and geochemical budgets of hydrothermal systems and of the

time scales and maturity of hydrothermal systems. Because of its
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unique hydrographic and hydrodynamic characteristics, the effects

of hydrothermal fluids on the nature of seawater may be studied in

the Blanco Trough. This study is, therefore, only the beginning of

an understanding of a most unique but important type of marine

environment.
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Detailed Core Description
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Due to the uniqueness of the sediments of the Blanco Trough, it
is imperative to detail the highly structured nature of the recovered
cores. The following set of core descriptions is an attempt at such
a detailed explanation. Upon examining the cores for descriptive
analysis, it appeared that each core could be described in terms of
short units or zones which were distinguishable from each other
primarily by structural features and secondarily by color. As a
consequence, these zones are sometimes composed of numerous
layers of both light and dark color and at other times composed of
only one layer of one color. It should be noted that the core desc rip-
tions for the cores, 721l-4-FFZ and 7211-4-FF4, are revised
descriptions and not the original description made upon opening
the cores. This was done because the original descriptive break-up
of the layers did not form a sequence that was apparent to the author.
The author therefore redescribed the two cores. The only major
discrepancy between the author's description and the original
description is that of color (color determined by the Munsell color
code). This color difference is probably caused by mild oxidation
during storage as the green layers changed to brown, typical
oxidation color change.

7211 -4-FF2

The top 10.2 cm appears to have been badly disturbed but is of
a uniform 1OYR 3/1(1) (very dark grey) color. A smear slide taken
at 5.0 cm indicates that the major components2 are biogenic
silica (diatoms, radiolaria, silico-flagellates and sponge spicules)
54%, clays 15%, reddish semi-opaque oxide globules (RSO's) 30%.

(1) This color is consistently the same in both the author's descrip-
tion and the original description.

(2) It should be noted that the smear slide components are deter-
mined semi-independently with a range of 5% and therefore
do not necessarily add to 100%.
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(The term reddish semi-opaque is from Yeats et al. (1976), as the
appearance of these oxide globules is too similar to those of site 319
of the Deep Sea Drilling Project (Yeats et al., 1976) to warrant a
different name.) At 10.2 cm, there is a sharp contact with a thin
(0. 3 cm) layer of 1OYR 4/4 dark yellowish brown. (3) This layer is
bounded at 10.5 cm in a sharp contact with a layer of 7.5 YR 3/2
(dark brown). This layer, slightly mottled, terminates in a sharp
contact at 14. 0 cm with a layer of homogenous 10 YR 4/4. A smear
slide from 14. 5 cm shows the same major components as at 5. 0 cm,
but with different percentages; biogenic silica 68%, clays 20%,
RSO's 5%. Very slight reaction with 10% HC1 indicates the probable
presence of a small amount of carbonate. With a gradational con-
tact, the next layer is 10 YR 3/1 (very dark grey). This homogenous
layer is composed of biogenic silica 39%, clays 20% and RSOts 40%.
Traces of quartz (1%), volcanic ash and heavy minerals are also
present. This composition is based on a smear slide from 14. 9 cm.
At 15.2 cm a gradational contact with a layer of 7.5 YR 3/2 (dark
brown). This layer, mottled with both 10 YR 4/4 (dark yellowish
brown) and 10 YR 3/1 (very dark grey), contains a thin layer of
10 YR 3/1 at 21.7-22.0 cm. Smear slide (20.0 cm) composition
indicates biogenic silica 53%, clays 20% and RSO's 20%. A sharp
contact begins the next layer at 22.0 cm. This 10 YR 4/4 layer
(5 Y 6/2 in original description) contains a dark layer (24. 1 -24. 3
cm) and slight HC1 reaction indicates some carbonate matter. A
smear slide at 24. 0 cm reveals biogenic silica 79%, clay 15% and
RSO's 3%. At 27. 0 cm, a gradational and mottled contact starts
a laminated zone mainly of 7. 5 YR 3/2 (dark brown) but with dark
layers (10 YR 3/2), very dark greyish brown (27.0-27.5, 28-28.2,
29.8-31.0 cm), and a light layer (10 YR 4/4), dark yellowish
brown (31. 0-31.5 cm). This zone terminates at 31.5 cm in a
gradational contact with a heavily mottled zone of 10 YR 3/1 (very
dark grey) and 10 YR 4/4 (dark yellowish brown). Fairly coherent
darkbands occur at 31.5-33.0cm and 38.0-39.5 cm. A light zone
(10 YR 4/4) begins at a sharp contact at 39.5 cm. This zone is
characterized by the presence of volcanic ash and laminated layers
of 10 YR 3/1 (40.5-40. 7, 42.5-42. 6, 43. 0-43.2, 44,2-44.3, 45. 7-
46. 0 cm). A smear slide taken at the bottom of the dark layer at
46. 0 cm shows biogenic silica 30%, clays 15% and RSO's 55%. At
46. 0 cm, a zone of 10 YR 5/2 (greyish brown) begins with a sharp
contact. A deformed dark band, 46. 8-47. 2, indicates that this may
be a disturbed zone. Although there is volcanic ash dispersed

(3) This color 10 YR 4/4 was apparently 5Y 6/2 (light olive grey)
in the original description.
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throughout this zone, a smear slide from 52. 0 cm indicates only a
trace of volcanic ash amongst the major constituents; biogenic
silica 52%, clays 50% and RSO's 2%. The next begins with a sharp
contact at 53. 5 cm and continues to the end of the cores This zone
is of 10 YR 4/4 (dark greyish brown) and gradually lightens in color
to 10 YR 5,'2 (greyish brown) by the end of the core. Unidentified
red grains and volcanic ash are widely dispersed throughout this
zone. There are dark layers at 53.5-54.0, 54. 4-54. 7, 56.5-57.5,
59. 1-59. 7, 63.2-63.8, 68.0-68.3, 68.6-69.0, 70. 6-70. 7, 72.5-
72.9, 79. 8-80.2, 82. 9-83.3, 98.5-98.6, and 100. 0-100.2 cm,
mottled dark layers at 90.8-91.0 and 93.0-93.4 cm and possible
ash layers at 74.3-74.7 and 103. 7-104.0 cm. A smear slide from
74.5 cm indicates biogenic silica 53%, clays 30%, RSOs 5%, and
volcanic ash 3%. Smear slides from 93. 0 cm and 98. 5 cm indicate
the probable presence of up to 30% carbonate (93.0 cm slide-
biogenic silica 20%, clays 50%, RSO's 10% and carbonate 20%,
98.5 cm slide-biogenic silica 17%, clays 40%, RSO's 10% and
carbonate 30%). This carbonate material was in such small particles
as to make absolute identification tenuous.

721l-4-FF4

Since the smear slide results for this core are the same for
core 72ll-4-FF2, they will not be discussed (see Appendix II).

From the core top to a depth of 17.2 cm, a zone of 10 YR 3/2
(very dark greyish brown) is interlayered with laminae of 10 YR
2.5/1 (black) 2.3-2.6, 4.8-5.0, 6.0-6.2, 7.8-8.0, 10.2-10.4,
11.5-11.8, 12. 8-13.2, 14.0-14.2, 14.7-14.9, 15.4-15.5 and 16.0-
17.2cm). A sharp contact at 17.2cm separates the laminated zope
from a layer of mottled 10 YR 3/2. A mottled layer of 10 YR 5/44)
(yellowish brown) occurs after a gradational and mottled contact at
20. 5 cm. This layer contains an inverted U-shaped feature of
10 YR 2. 5/1 (black) of probable biologic origin (a partial worm
burrow?). At 23.5 cm, there is a gradational and mottled change
to a 10 YR 3/2 (very dark greyish brown) zone of mottled but
partially laminated dark layers. Fairly coherent dark layers occur
at 24. 0-24.2, 24. 5-24.8, 26. 0-26.4 and 34. 6-35.0 cm. The last
dark layer at 35. 0 cm is the end of this mottled zone and the beginning
of a well laminated zone. This laminated zone is mainly 7. 5YR 3/2

(4) This color was 5 Y 5/3 (olive) according to the original descrip-
tion.
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(dark brown) with layers of 10 YR 2.5/1 (36. 0-36.4, 37. 9-38.2,
40.5-40. 7, 40. 8-40.9 and 43. 0-44. 0) and 10 YR 4/4 (dark yellowish
brown) 39.0-39.3, 39.5-39.8, and 40.9-42. 6). At 44.5 cm, a
gradational and mottled contact signals another mottled zone. This
zone contains 10 YR 4/4, 7.5 YR 3/2 and 10 YR 2.5/1, all mixed
together, with two identifiable dark bands at 47. 6-47. 7 and 50. 8-
51.0 cm. A fairly sharp contact at 51.0 cm begins a 10 YR 4/4
(dark yellowish brown) zone that is well laminated with black
(10 YR 2.5/1) layers (51.2-51.9, 54.0-54.9, 55.9-56.6, 59.0-
59.2, 64.8-65.0, 68.2-68.6, 69. 7-70.0, 72. 4-72. 6, 73. 7-74. 1,
74. 8-75. 1, 75. 6-76.2 and 79. 779. 8 cm), a light (10 YR 5/3,
brown) layer 82. 7-83. 1 cm) and ash layers (62. 1-62,3, 72.8-73.0
and 78. 8-79. 0 cm). At 84. 0 cm, a sharp contact results in a
structural change from the laminated zone to a mottled zone. This
10 YR 4/4 (dark yellowish brown) zone completes the core and con-
tains several mottled dark layers (84.0-84.2, 84.8-85.4, 96.5-
97.5, 100.0-100.5, 104. 8-105.2, 106.5-107.3 and 109.0-109.3 cm)
and two ash layers (95.5-95.8 and 99.1 and 99.9 cm).

W7605B-9-GC

The top 1. 5 cm of the core is 5 YR 2. 5/2 (dark reddish brown)
in color. This layer is homogenous and non-calcareous as there is
not reaction with 10% HC1. At 1. 5 cm, a mottled contact begins a
zone of either smeared micro-laminae or heavy mottling of 5 YR
2. 5/2 and 10 YR 3/3 (dark brown). An attempt to carefully scrape
the cut core surface did not distinguish which of the two structures
was actually present. A smear slide from 2. 0 cm indicates biogenic
silica 32%, clays 20%, RSOts 40%, carbonate 5% as the major com-
ponents. A layer of 10 YR 4/3 (brown) with mottles of 5 YR 2. 5/2
(dark reddish brown) starts at 3. 5 cm with a mottled contact. This
layer is calcareous with several foraminifera visible. Delineated
by sharp contacts, a dark (5 YR 2.5/2) layer occurs between 6.5
and 7. 5 cm. This layer appears to be laminated and is only slightly
caicareous. From 7.5 to 39. 0 cm there is a zone of 10 YR 4/3
(brown) with four 5 YR 2. 5/2 (dark reddish brown) layers. This
zone is lightly mottled and contains abundant foraminifera. A dark
layer at 11.5-12.5 is bounded by gradational contacts. Sharp upper
contacts and mottled lower contacts delineate dark layers at 18. 0-
19.0 and 23.0-23.5 cm. A dark layer at 30.0-30.5 cm has mottled
upper and lower contacts. A smear slide at 20. 0 cm reveals
biogenic silica 6%, clays 15%, RSOs 20%, carbonate 47% and quartz
6%. While no foraminifera are noticeable in the dark layers, there
is some reaction with 10% HC1 indicating that there is carbonate
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present. A mottled contact at 39. 0 cm signals a color change to
10 YR 5/2 (greyish brown). This calcareous zone extends to the
bottom of the core and is interrupted only once, by a 5 Y 5/3 (olive)
layer. This olive layer is separated by gradational and mottled
contacts and is calcareous. A composition of biogenic silica 16%,
clays 30%, RSO's 4%, and carbonate 46% is indicated by a smear
slide from 46. 0 cm.

W7605B - lO-GC

This core is a non-sediment core in that it recovered only a
handful of rock chips with only a light smearing of mud on the core.
catcher and casing. Since only the plastic liner was being used as
coring tube with no outer metal casing (the standard Benthos gravity
coring technique), it would appear that this core must have sampled
a talus field and did not actually core basalt. That no mud was re-
covered with the rock chips suggests that the talus field is fairly
recent with little sediment cover. The rock chips recovered are
approximately 2-3 cm in size and range from aphanitic to fine
grained basalts. Olivine phenocrysts are present in some of the
rock chips. The freshest appearing chip was selected for elemental
analysis.

W 7605 B -13 GC

From the top of the core to 6. 0 cm, there is a laminated 10 YR
3/2 (very dark greyish brown) layer. An identifiable 2 mm thick
layer of 5 Y 4/3 (olive) is present at 1. 3 cm. Sharp contacts at 6. 0
and 9. 0 cm separate a S Y 4/3 layer. This laminated layer contains
a layer of 10 YR 3/2 at 7.0-7.8 cm. The sharp contact at 9. 0 cm
results in a change to a zone of laminated and lightly mottled
10 Y 3/2. A black (10 YR 2.5/1) layer, 3 mm thick, occurs at
11. 5 cm. This 10 YR 3/2 zone in a gradational and mottled contact,
at 12. 0 cm, changes to a 5 Y 4/4 (olive) layer. While no color code
change could be discerned, it appears that this mottled olive layer
gradually changes from brownish at 12. 0 cm to more greenish at
15. 5 cm. At 15. 5 cm, a mottled and gradational contact begins a
10 YR 3/2 (very dark greyish brown) zone. This zone is laminated,
has some mottles and contains a 5 YR 4/3 (reddish brown) layer,
17. 1 -17. 9 cm. Sharp contacts at 22. 0 and 24. 0 cm delineate a
homogenous 5 Y 4/3 (olive) layer. A zone of 10 YR 3/2 begins at
24. 0 cm. This zone is laminated and encompasses two light,
5 Y 4/3, layers (24.8-25.3 and 26.0-26.8 cm). At 28.2 cm, a
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layer of 5 Y 4/4 (olive) begins with a sharp contact. This layer is
homogenous and ends in a sharp contact at 31.0 cm. Ths sharp con-
tact results in a nearly homogenous, lightly mottled, 10 YR 3/2
(very dark greyish brown) layer. A sharp contact at 32. 0 cm
signals the start of a 5 Y 4/2 (olive grey) zone. This laminated zone
contains two dark, 10 YR 3/2, layers (33.5-34.5 and 39. 0-39.2 cm).
A black ash sand layer occurs at 39. 8-40.4 cm. From 40.4 to
44. 0 cm, there is a homogenous 5 Y 5/2 (olive grey) layer. In a
gradational contact at 44. 0 cm, the color becomes 2. 5 Y 4/2 (dark
greyish brown). This laminated zone contains a 10 YR 3/2 layer at
45.5-46.5 cm and exhibits some minor color variability. Another
black ash sand layer occurs at 52.0-52.5 cm. A 10 YR 3/3 (dark
brown) zone of minor color laminations and mottles begins at
52. 5 cm and extends to 84. 0 cm. A mottled dark layer of 10 YR 3/2
(very dark greyish brown) at 54. 0-55.0 cm, a zone of ash at 81. 0-
82. 0 cm and a layer of 5 Y 4/3 (olive) are a part of this zone. A
sharp contact at 84. 0 cm begins a zone of 10 YR 3/2. This zone
is laminated, with some mottling of 5 Y 4/3 and contains a 10 YR
2. 5/1 (black) layer (84. 0-84. 5 cm). At a gradational and mottled
contact at 89. 5 cm there is a homogenous 5 Y 4/3 (olive) layer.
This layer terminates at 91.0 cm in a gradational contact with a
10 YR 3/2 (very dark greyish brown) zone. This zone is mottled
with 5 Y 4/3, with a distinct layer of 5 Y 4/3 occurring at 93. 0-
93. 5 cm. At 98. 0 cm, a sharp contact begins a layer of 5 Y 4/3.
Mottles of 10 YR 3/2 occur in this layer. A gradational and mottled
contact at 100. 5 cm is the start of the last zone recovered by this
core. This 10 YR 3/2 zone contains a layer of 5 Y 4/3 (olive) at
102.5-103.0cm and a zone of ash at the end of the core (103.5-
104. 0 cm).

W7605B-14-FF3

In the following core description, gradational contacts separate
the layers unless otherwise specified.

From the core surface to 4. 5 cm, there is a layer of 10 YR 3/i
(very dark grey) with mottles of 10 YR 3/3 (dark brown). A thin
laminated 2. 5 Y 4/2 (dark greyish brown) layer is next. At 5. 0 cm,
begins a sequence of three 3 mm thick layers 10 YR 3/1, 2. 5 Y 4/2,
10 YR 3/1. At 6. 0 cm, a sharp contact signals a color change to
5 Y 4/3 (olive). This layer contains two dark micor-layers (less
than 1 mm thick). The color changes to 10 YR 3/i at 7. 0 cm and
at 8. 0 cm to 10 YR 3/3. A layer of 5 Y 4/2 (olive) begins at 9. 0 cm
and contains a zone of volcanic ash. A color change at 10. 5 cm
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results in a layer of 10 YR 3/2 (very dark greyish brown) that has
mottles of 10 YR 3/3 (dark brown). At 12. 0 cm, the next layer is
5 Y 4/3 (olive). This layer changes to 10 YR 3/2 at 13. 0 cm,. A
sharp contact terminates the dark layer at 13. 5 cm, where a layer
of 5 Y 4/3 begins. A gradational contact at 14.5 cm begins a layer
of 10 YR 3/3. This somewhat mottled layer terminates in a volcanic
ash layer at the base of the core, 19.0-20.0 cm.

Detrital Samples (BH1771 and BH2163)

For comparison of the Blanco Trough sediments to those outside
the trough, two locations were selected. Core 6509-21A, described
and discussed in detail by Duncan (1968), is a homogenous olive grey
core and is located approximately 27 km south of the 7211-4 cores
at a depth of 3180 m (440 3 5'N, 129°56.Z'W). It lies on the northern
edge of the Tufts Abyssal Plain and just south of Parks Seamount.
Because of the depression in the Cascadia Gap, no turbidity flows
have escaped the Cascadia Basin into the Tufts Abyssal Plain for
the last 7,000 years (Duncan, 1968). Duncan's post-glacial sedi-
mentation rate of 3 cm/1000 yrs indicates that the top 21 cm of this
core should be free of turbidites. This is important because the
sediments of the Blanco Trough are not affected by turbidity flows
in the Cascadia Basin due to the mountainous relief surrounding the
trough and to get a representative sample of the pelagic-hemipelagic
sediment that should be similar to that entering the Blanco Trough,
the sample chosen should not be influenced by turbidites. An inter-
val of 5-10 cm in this core was therefore sampled (BH1771). The
similar trough at the Blanco Fracture Zone-Gorda Ridge inter-
section is the location of the other sample (BH2 163). Dredge haul,
W7605B-1-RD (43° 00. 5'N, 126°37. O'W), recovered a ball of mud
from a water depth of 3211 m. This mud is an olive grey in color
with volcanic ash dispersed throughout the sample. After scraping
the surface of the mud ball off, a sample was cut out of the center.
No layering or color variation from the olive grey was noticed in
this sample.
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APPENDIX III

Silt Size Frequency Distributions (for sample identification see Table 2)
PHI SSA-1 SSA-2 SSA-5 SSA-6 SSA-7 SSA-8 SSA-9

.1 C .01 .01 .0?
4.1 .G .0? .i. .02 .]L. .04 .08.:s .3 .0' .08 .06 .05

Cr .i 1r .11 07 .114.4 .IC .07 .23 .20 .20 .13 .16
.13 0° .29 .21 .31 .23 .22

.10 .3 .18 .40 .34 .31
'.7 .11 .37 .17 .43 .47 .39
4.5 .17 .12 .43 .21 .43 50

.21 .14 .50 .28 .47 .6F .565.3 -. -..? ____- j7 ------- .57 _-__.....36_ .. ..56___ _..'C

.31 .22 .63 .45 77 75
5.2 .36 31

. .55 .77 9
5.3 .42 .47 7j .65 .8 .89
5.'. .02 .60 .72 .73 .92 .98 .86
5.5 .65 .6° .74 .52 .98 1.04 .86
5.6 77 . .SC 96 1.04 1.09 .90
5.7 .84 .82 .91 1.10 1.12 1.15 .96
5.5 . .01 1.02 1.19 1.21 1.20 1.0559 .89 1.' 1.10 1.21 1.26 1.23 1.1.0___.97_... 1.23 . i.16..._....... 1.23- _.___i.28____ .. 1.23. ... _1.21
6.1 1.06 1.41 1.23 1.28 1.i 1.22 1.20
6.2 1.10 1.51 1.30 1.29 1.?'. 1.18
6.3 1.10 1.51 1.3 1.'.'. 1.31 1.29 1.20
6.4 1.13 1.49 1.37 1.48 1.34 1.32 1.29

1.27 i.c 1.38 1.52 i.36 1.31 1.39
6.5 1.45 1.68 1.41 1.60 1.36 1.28 1.47
6.7 1.5'. 1.7P 1.46 1.72 1.35 1.26 1.49
6.8 1.5w 1.83 1.51 1.82 1.37 1.28 1.1.9

1.53 1.54 1.89 1.41 1.33 1.51
7.0 - _-_1.4 1.83 _____ . .1.5g.. -1.93 ------.--.--.---1.49 1.367j 1.51 1.90 1.57 1.98 1.59 1.39 1.677.2 1.58 2.0 1.50 2.00 1.66 1.41. 1.78
7.3 1.57 2.23 1.64 1.9° 1.66 1.45
7.4 1.' 2.33 1.67 1.98 1.61 1.48 1.847.5 1.8'. 2.33 1.72 2.03 1.57 1.52 j79
7.6 1.93 2.26 1.50 2.09 1.59 1.56 1.757,7 2.01 2.26 1.88 2.13 1.69 1.61 1.737.8 2. 2.2f' 1.93 2.12 1.50 1.66 1.757.q ?.02 2.23 2.09 1.84 1.69 j7Q
fl 1.9... 1.98 2.0 - 1.9._ _._. 1.67 ..1.79i.qr 2.08 2.01 1.99 1.'l 1.62 1.76C.? 1.5'. 2.01 1.99 1.00 1.67 1.56 1.691.70 1.91. 1.87 1.76 1.63 1.49 1.608.4 1.5'. 1.81 1.70 1.56 1.53 1.42

1.48 1.59 1.53 1.30 1.3k 1.31 1.396.5 1.26 1.31 1.37 1.04 1.22 1.15 1.293.5 1.L. 1.05 1.10 .83 1.11 .95 1.148.4 .57 .88 1.02 .6 .76 .018.0 .7c 75 .88 .58 1.02 .60 .09
Q.0 .i .c .36 .20 .40 .3 .12
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Appendix III. Silt size frequency distributions continued.

PHI SSA-1O SSA-i1 SSA-12 SSA-13 SSA-14 SSA-17 SSA-18
0 C .00 .32 .0 .03 .014.1 0 .01 .03 .11 .11 .064.2 .oc .31 .0'. .06 .20 .17 .1k.02 .32 .05 .08 .33 .23 .21.07 I'3 .G7 .09 .45 .28 .284.5 .16 .0 .f'8 .11 .56 .33 .334.6 .2'. .C3 .08 .15 .57 .1.1 .364.7 .36 .03 .0 .2? .59 .52 .40.50 .06 .12 .26 .53 .534.9 .63 .13 .2C .35 50 75 .55.0 ______.72__._.2'___.32 __.47 ____-- _.75__.05 _________.655.1 .78 .35 .1.3 .61 .61 .93 .765.2 .83 .41 .50 .76 .89 .99 .8'

.1.3 .57 .92 1.01 1.08 .94
5.1. .96 ..'. .69 1.11 1.11 1.17 .955.5 1.01 .47 .86 1.40 1.16 1.26 .945.6 i.o .56 1.0 1.76 1.22 1.34 .9357 1.16 .71 1.18 j.qi 1.26 1.42 .935.8 1.23 .89 1.28 1.68 1.31 1.49 .945.9 1.27 1.04 1.43 1.14 1.38 1.52 .991.27 _1.i2_._. 1.64,..._.__.72 1.446.1 1.2k 1.18 1.82 .69 1.49 1.56 1.206.2 1.30 1.27 1.85 .97 1.55 1.60 1.296.3 1.34 1.39 1.79 1.28 1.61 1.65 1.366.4 1.41 1.51 1.72 1.48 1.64 1.67 1.436. 1.46 1.56 1.7? 1.58 1.64 1.67 1.51.6.6 1.50 1.49 1.80 1.58 1.63 1.60 1.675.7 1.56 1.67 1.90 1.82 1.63 1.69 1.766.8 1.65 1.54 1.96 1.9w 1.65 1.74 1.835.9 1.70 1.69 2.04 2.00 1.66 1.04 1.88-1.61----- -1.85 ------------2.lt ____- -1.96 ---------1.69_____. -1.97 1.91.7.1 1.1.3 1.96 2.20 1.93 1.74 2,09 2.031.15 2.06 2.33 1.99 1.65 2.10 2.147.3 1.1.P 2.10 2.1.8 2.13 1.95 2.26 2.317.4 1.71 2.16 2.59 2.28 1.99 2.32 2.497.5 1.91 2.29 2.61! 2.1.0 1.98 2.34 2.521.98 2.42 2.54 2.49 1.98 2.32 2.6077 1.95 2.46 2.47 2.55 1.99 2.20 2.427.8 1.89 2.41 2.1.6 2.57 2.01 2.24 2.187.9 1.0 2.39 2.51 2.55 1.98 2.22 1.9w2.'.? 2.57 _____ - -2.51 1.93- 2.22 1.811.71 2.8 2.59 2.46 1.85 2.18 1.805.2 1.80 2.11 2.55 2.44 1.76 2.06 1.631.91 1.81 2.49 2.42 1.71 1.89 1.783.4 1.91 1.84 2.44 2.37 1.73 1.66 t.58.5 1.73 2.33 2.1.2 2.27 1.73 1.46 1.181.52 '. 2.36 2.15 1.61 1.33 .858.7 1.39 2.87 2.1° 2.10 1.37 1.24 .668.8 1.33 2.15 1.91 2.13 1.12 1.18 .548.9 1.29 1.60 1.51 2.21 .92 1.12 10
9.0 .37 .4? .1.3 1.4° .31 .62 .13

t)
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APPENDIX IV

The Molybdenum, Organic Carbon and Carbonate Analyses

Molybdenum Analysis

This technique is a modified version of the method suggested by
Kim et al. (1974). Sample weights of 400 mg are dissolved using the
dissolution procedure of Fukui (1976), a hydrofluoric acid-aqua regia
method utilizing teflon pressure-sealed crucibles. The excess HF
is neutralized with boric acid and then the dissolved sample is
transferred to a 250 ml separatory flask. The sample is diluted
with double distilled water and adjusted to 10% HC1 by the addition
of concentrated HC1 to a final volume of 100 ml. From this point,
the procedure was identical to that of Kim et al. (1974), with the
addition of 1 ml of 10% potassium thiocyanate followed by enough
solid ascorbic acid and sodium fluoride to remove iron and titanium,
respectively, fromtheir thiocyanate complexes. The molybdenum
thiocyanate complex is formed by the addition of 2 ml of 10% stannous
chloride and is extracted into 10 ml of methyl isobutyl ketone. Flame
conditions of the atomic absorption spectrophotometer were
optimized by the procedure outlined by Fukui (1976) and the absorbance
was determined at a wavelength of 3133 A.

Organic Carbon Analysis

This procedure, first used by Schmied and Steiner (1957), starts
with the desalting of the sample by washing with distilled water three
times. The use of a candle filter speeds the removal of the excess
water. The sample is then either freeze-dried or dried in an oven
at a temperature not exceeding 40°C in order to prevent the
volatilization of organic matter. Approximately 0.5-1.0 g of
sample is then weighed into the decomposition flask, 11 ml of
diluted phosphoric acid (17 parts H20: S parts acid) is added, and
the sample boiled for 5 minutes to remove carbonate. After the
sample has cooled to room temperature and the water lost during
boiling replaced, the sample is ready for analysis.

The analyzing apparatus, illustrated in Figure Al, is prepared
for analysis by setting the levels of both the absorption cell and the
gas buret to work. This is achieved by turning the appropriate
valves and raising or lowering the pressure equalizing bulb.
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Appendix IV, Continued:

Sample analysis begins by adding 1.3 g K2Cr2O7 and 15 ml of
concentrated H2 SO4 to the sample. The decomposition flask is
immediately mounted on the condenser and a vacuum is created
in the now sealed system by lowering the pressure bulb. The
sample is boiled for 10 minutes.and then allowed to air cool for 3
minutes with further cooling by immersion in a room temperature
water bath for two minutes. The volume of the condenser is
replaced by adding water from the inlet reservoir, forcing the
produced gases into the gas buret. The level in the gas bUret is
adjusted to approximately 40 ml by the addition of CO9 -free air
through the CO2 -free air inlet. The pressure inside the gas buret
is set to atmospheric pressure by use of the pressure equalizing
bulb and an initial volume reading is taken. The gas in the system
is stripped of its CO2 by forcing the gas from the buret into the
absorption cell and back at least three times. The gas is returned
to the buret and the pressure again set equal to the atmospheric
pressure. A final volume reading is taken along with the tempera-
ture of the gas buret water jacket and the atmospheric pressure.
The difference in volume between the initial and final readings is the
volume of CO2 produced by the oxidation of organic matter in the
sample. The volume of CO2 is reduced to grams of organic carbon
by use of the ideal gas law.

Carbonate Analysis

This procedure uses the same apparatus as for the organic
carbon analysis, but the sample preparation is different. The
sample is desalted as before, but only 0.1 to 0.2 g of sample is
weighed into the decomposition flask. The flask is mounted
directly on the condenser and a vacuum is pulled. Approximately
10 ml of the diluted phosphoric acid is added from the inlet
reservoir and the sample is boiled 5 minutes. At this point, the
system is cooled and volume readings are taken as described for
the organic carbon analysis. The volume of CO2 produced is
equated to grams of carbonate carbon through the ideal gas law.
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APPENDIX V

Geochemical Data

Appendix V-A. General Sample Data

Geochem Sample Weight
Access. Interval Water Percent
Number Core (cm) Color Content Leach-

able *

BHOSOO 72ll-4-FF2 0-2 Dark 79.8 21.5
BHO5O1 18-19 Dark 74.5
BH0505 tT 58-59 Light 72.9 --
BH0506 IT 95-97 Light 71.9 --
BH0507 II 102-104 Light 66.8 --
BH0575 721l-4-FF4 1-3 Dark 72.9 --
BH0576 IT 43-44 Dark 65.6 --
BH0577 U 77-79 Light 69.2 13.6
BH1753 72l1-4-FFZ 23-24 Light 76.2 8.7
BH1754 II 69-69.5 Dark 69.5 -

BH1755 U 31.2-31.7 Light 73.4 --
BH1756 TI 32.2-32.7 Dark 72.2 --
BH1757 72l1-4-FF4 22-23 Light 74. 1 11.0
BH1758 IT 39-39.5 Medium 70. 7 --
BH1759 TI 40.5-41 Dark 71.1 --
BH176O TI 25-26 Dark 70.5 18.4
BHl76l TI 73-73.5 Light 68. 6 --
BH1762 TI 73574 Dark 69.9 --
BH2142 W7605B-9-GC 0-1 Dark 71.9 --
BH2143 U 13-14 Dark 57.7 --
BH2144 U 15-17 Medium 56.3 --
BH2145 19.5-20 Dark 60.0 --
BH2146 II 28-30 Medium 58.5 --
BH2 147 IT 37-39 Medium 60. 0 - -

BH2148 II 56-58 Light 62.9
BH2149 W7605B-13-GC 1.5-2.5 Dark 71.1 16.4
BH2 150 TI 8-8.5 Light 66.3 5.6
BH2151 II 11-11.5 Dark 68.9 20.8
BH2152 U 13-14 Light 71.6 8.9

* Corrected for salt content
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Appendix V-A. Continued.

Geochem Sample Weight
Access. Interval Water Percent
Number Core (cm) Color Content Leach-

able*

BH2153 W7605B-13-GC 27-27.5 Dark 66.4 --
BH2 154 40-40. 5 Ash 50. 4 - -

BH2155 41-42 Light 72.8 --
BH2156 It 75-76 Medium 61.6 --
BH2157 I' 92-92.5 Dark 71.0 19.8
BH2158 U 99-100 Light 70.2 --
BH2159 W7605B-14-FF3 0-3 Dark 64.1 11.7
BH2160 U 9.5-10.5 Light 68.6 7.1
BH2161 'I 18-20 Medium 57.8 --
BH2162 'I 19.5-20 Ash 51.3 --
BH2164 W7605B-13-GC 18-19 Dark -- 16.5
BH2165 1 86-87 Dark -- 14.2
BH2166 90-91 Light -- 11.3
BH2167 7211-4-FF4 76-76.5 Dark -- 19.8
BH1771 6509-21A 5-10 -- -- 1.3
BH2163 W7605B-1-RD -- -- -- 1.9



Appendix V-B. Bulk phase concentrations (salt corrected, samples BHZ142-BH2148 also
carbonate corrected).

150411 351763 453757 3'-'176 65'167 45277 AH2i44 452152 552161 352152

7IK LIOST LIGHT !'89'( 780K LIGHT DARK LIGHt DARK LOG'-)!
MAJO LEMENT1. (Pri')5ENTI
AL .')2 5.96 6.39 5.98 4.12 6.57 6.15 6.3) 5.63 6.12SI 23.1 25.9 26.5 23.7 22.7 23.7 23.1 2..') 22.5 25.5FE 7.08 6.'3 1..O 7.60 7.57 7.4.5 7.68 7.87 7.7') 7.98MN 4.1,3 71 1.13 4.73 6.10 1.12 3.55' .32 5.21 89CA 1.31 2.3.2 2.71 2.4.6 254 3.21 .63 3.61 2.4 1.39
MP'O1 L14NTS (PPM)
SC 22.8 22.5 22.2 21.9 22.5 26.1 22.5 27.8 21.7 22.4Cc 126 123 131 14) 1.39 164 131 152 110 123CC 52.9 53.1 54. P 63. 7'.Q 60.6 67.2 .3.1 73.3 54.9'II 1 217 33 437 473 269 358 194 4.37 25)CU 22 2)4 214 219 329 186 219 4.33 228 19574 2')'. 315 281 27'. 315 259 26? 291 236 267AS 2'.2 9.51 15.7 21.2 27.7 16.4 16.2 5.62 23.7 16.34.1' .13 2.97 3.63 6.20 2.4) 4.36 7.17 4.13 4.2980 .934 5195 4.443 3613 354.8 32c5 4665 3259 3.3.. 40267)' S93 5.81 4.92 4.35 4.34 4.49 4.57 3.7'. 3.73 4.53U 2.79 2.. 23F 18q 2.5'. 1.75 1.30 1.72 1.98 1.38
RAR CASTS ELCSNIS (PPP
LA '5.7 33.1 33.'. 3). 1 28.6 27.1 33.3 15.3 25.2 27.8CE .8.9 40.1 41.5 36.1 35.9 36.1 375 28.' 31.3 35.5Nfl 32.7 3.12 33.6 30.2 31.7 21.2 26.4 26.7 22.3 24.8S 7.7? 7.23 7.43 6.78 559 4.74 7.27 5.49 6.13 6.83EU 1.83 1.7'. 1.92 1.58 1.93 1.7. 1.54 1.82 1.37 1.581.32 1.21. 1.1'. .99 1.15 1.25 1.23 1.32 .37 1.2258 4.5 4.19 4.38 4.61 4.7' 3.72 4.67 3.'.4 4.06 3.96LU 73 .66 .59 .1 .'7 .70 .69 .64 .52 .66

'52164 340156 942159 952157 942169 842163 A'11771 342163
33R( 305K LICI-17 flASI( CARE LIGHT OUTSIDE OUISIIE

MAJUP 'LEMENT0 (P')C'-5T)
AL 4.02 6.21. 5.95 5,97 5.17 6.22 3.68 6.38SI 23.4 24.3 25.8 22.4 23.1 24.1 25.4 25.9Cf '.92 9.32 7.52 7.19 9.56 8.62 4.92 5..1MN 4.73 2.'9 1.30 5.2'. 2.33 .82 .11 .13CA 7'.Q 2.52 j.53 2.13. 3.29 4.23 3.47 3.33
MINI') 'L?')'8T5 (a'')40 24.2 24.7 21.6 13.9 28.1. 26.5 17.1 21.6CA 12 13 121 11'. 141 14.8 99.5 182Cr "9.2 52.3 75.' 5'.') 62.1 23.3 23.387 356 332 264. 4.23 227 249 91.1 126CU 31.5 222 158 24.2 I'S 179 15324 28' 33" 285 283 21.4 215 2'.8 155ES 1°.4 17.5 14.9 23.7 14.1 9F) .3 2.562.3 1.98 2.09 1.1. 2.7, 7.25 1.47 2.3938 'p21 '273 421 4.613 2712 2832 1363 1384¶6 T.7, 2.')'. 4.99 4.6' 3.39 3.43 jj7 3.2U 1.7' 1.45 1.03 2.'' 1.4.5 1.77 3.65 2.22

516Th ELF"'rlTl ('.'
LA 3'.2 23.' 25... 25.8 2.1 22.5 31.7 27.9CC 37.7 29.9 36.' 37.5 2'.6 31.4 63.4. '.9.33r5 2'.J 35.1 773 23.6 21.7 27.5 25.3SM 6..? 6.72 6.85 6.52 '.47 593 .3' 5.61CI) 1.31 1.-.1 1.8' 1.78 1.'b 1.73 1.31 1.31.6? i. 1.3: .99 1..9 i.c .5 .723.15 4.21 4.12 4.22 3.03 8.1' 2.12 2.71LU .5.. .52 .65 .42 .63 ..1 .,2 .65

Cd.'



Appendix V-C. Percent of the element in the bulk phase that is leachable.

tHIS)" H175 H177 8H1766 3W?j57 9H177 9H21'.9 IHZISC IH?151 3H2152

LIGHT LTH DA5( 5PK LIGHT 9LK LIGHT DA5< LIGHT
M8JO ELEM'NTS
AL 6.S 5.8'. 6.7') 53j 31.9 5.72 6.1.6 'e.99 6.58 6.85SI ".53 .7'. 1.59 2.53 ?.3 1.93 2.6' ...9 2.36 1.'.')'6.6 7L.. 11.9 29.9 703 29.4 30.4 13.1 24.7 27.5397 65.1 82.3 97.5 9'.2 79.3 36.2 55.7 97.3 7.5
MIG8 ILTM'13T5
SC 21.3 14.3 13.4 l7. 1'.'. 19.6 16.2 9.0' 3.49 9.361.7 9.32 1.36 14.9 9.56 14.2 1.1.3 6.35 2.9?CO 75.3 435 .6.1 67.3 64.1 45.6 71.6 32.5 55... 43.2NI 2.l .?.0 42.1 F 3.0 5°.1 53.1 7'.... 493 81.3 43.1Cu 56.'. 55.5 6..7 7.2 51.1+ 55.2 68.5 61.8 593
7H 6.2 43.5 48.6 51.6 533 45.4 5°.7 35.3 61.9 48.1AS 75.9 '2. 1 85.6 83.4 57.8 88.6 78.1 7'..2 89.7 31.'1" 79.5 7.1' 75.6 83.6 89.5 -- 72.1. 3) .6 9'..? 83.951 24.7 21.1 17.6 25.9 44.3 31.2 17.1 22.6 25.0 16.1TH 53.1 ..3.3 3'.') 42.9 48.9 44.6 '.6.0 43.9 51.2 62.8U 58.7 6'..5 55.7 58.9 69.7 32.5 51.1 51.L 62.9 20.1
6661 6t6TH EI'ENIS
LA 2.3 15.8 13.6 31.9 21.1 12.6 377 12.5 31.5 21.9Cl 53.2 2...1 11.6 42.6 39.9 3.72 91.1 15... 51.4 26.390 8.51 36.? 18.2 79.1+ 58.'. -- 39.5 3.67 22.. 20.33.. 16.) 17.9 27.5 26.5 11.9 39.9 12.7 29.5 25.'.EU 16.8 24.2 1°.! 23.1 31.1 16.3 31.3 15.5 33.1 --51.7 43. 25.6 33.3 '+1.1 33.6 37.1 46.9 38.1 '3.)8' 473 35.3 31.8 69.5 42.6 3'+.6 53.5 15.7 43.3 33.9It' 45.9 11.8 22.1 33.3 3'.1 p4.2 4'.t 34.3 34.6 5.5

IH?163 1H2119 "21.6 11-2157 3H21.59 5H2161 5141711 1142i3
935K JA'( LIGHT CASK 016K LIGHT OUTSIOE OUTSIJE

'.1)09 TLTMF+ITS
AL 5.67 7.1' 6.25 c59 3.27 1.63 1.84SI 2.12 1.'5 .79 2.9k 1.1.8 1.24 .33 .22FE ?7 25.' 31.5 31.6 25.2 20.1. 3.22 2.6316.2 .1.1 96.7 9.1 73,9 32.'. 21.1
MINC) TLMTNT5
SE 11.9 13.2 13.7 3.69 13.07 4.65 6..0 6.796.83 1.5.2 775 13.7 14.4 .93 4.9? 2.1.7CO 66.9 57.5 67.2 73.1 5?.'. 56.5 21.1 9.68NI 73.5 69.1 53.5 75.3 69.4 '.4.3 11.2 13.4CII 67.9 62.2 51.3 72.7 73.6 65.1 65.7 31.3'14 57.5 69.? 67.5 54.7 61.9 46.5 47.7 21 '.AT 357 36.3 3.5 '.4.2 39.1 "9.9 21.4 23.35° 7'.3 733 5'.1 65.cj 82.1 57.4 14.1 65.651 17.5 73,4 6.3 17.7 26. 19.6 21.1 27.1TH 38.6 33.5 1.5.'. 51.9 5.3 32.1 33.8U 61.5 E5.. 378 F).? 9.' 63.3 .7.) --

S ARH EL' fl5
LA 2''.7 "3.9 12.6 32.2 32.3 13.L -- 14.7CE '.5 .3.7 47.o '3.9 498 19.6 -- 1.'.'.1-10 29.3 14.5 10.1 '.° 19.6 -- 13.125.2 3".6 15.1 3".) 11.6 -- 16.1EU 7' 15.4 1.l. 13.6- -- 17.1 -- 23.7TA 1.5 53.2 .0.3 27.2 61.1 31.3 -- --7' 3..1 32.3 '.4.7 330 16.2 -- 26.4LI' L7 '7.2 56.7 1'?.! 36." 36.1. 9.53 '47.6



Appendix V-D. Leach phase concentrations.

01-1350' 3H1'53 -13757 3f'1761 'OH'167 51-43577 OH7I.9 3H213 3'-12151 0+52152

915K LIG-17 LI6HT 986K 066K LIGHT 0A°K LIGHT 946K LTD-U
MAJOR 51505+5 55
AL 1.51 4.3. 3.93 1.96 2.62 4.21. 2..'. .75 1.65 4.71SI 2.51 2.19 .5! 3.03 2.91 3.56 7.75 2.17 2.33 4.27FE 12.1 13. 25.7 11.6 11.2 16.2 14.3 13.5 5.6'. 25.0MN 19.2 5.31 5.45 25.3 2.5 6.63 22.7 3.23 22.7 7.92
MINOR EL NVS (PP'4)
SC ?.5 33.0 2.. 21.1 1.2 35.5 22.3 65.4 8.89 22.5CR 92.7 135 16.1 114 67.0 174 89.1 152 15.5 73.4CO 221 22! 235 21.9 26'. 294 252 21.1 255WI 1191. 133' 5275 1635 11.17 1171 1634 1727 1495 1213CU 759 1322 1577 91 114 714 875 4097 630 1355ZN 953 1575 1241 776 552 573 960 1859 655 1447AS 96.6 63. 121 97.1. 12! 165 77.1. 77.7 132 16215.5 25.3 15.5 2.1 -- 19.2 15'. 27.9 39.395 6331 12592 6767 5431 7956 7515 4321 11505 1424 654316.5 13.3 10.7 14.6 12.3 32.9 9.22 21,3U 7.5'. 15.5 11.5 6.1+ j555 6.8) 5.39 16.7 6.jl 4.32
24P5 EARTH CLI 'F5 (F'M
LA 47L. 61.1 52.5 35.1 25.3 &L.S 1.4 33.4 68.5CE 1j! lii 115 4.E 735 23.2 115 95.6 76.2 83.1530 52.6 13'. 56.5 1.3.5, q4.. -- 3.5 40.7 24.1 55.912.4 12.5 15.2 0.25 5.97 17.7 12.5 8.72 19.4EU 1.35 4.37 3.05 2.03 753 2.11 3.51 6.67 2.39 --19 7.91 5.61 2.57 t.79 2.45 3.57 2.78 11.2 1.73 5.96VR 9.95 1.2 12.6 10.5 10.1 9.57 15.2 9.75 3.59 15.0LU 1.56 2.37 1.16 1.11 1.2) 2.0 1.95 4.51 57 4.06

0+5216. 3+52165 D.42165 H2557 3+52153 5H2160 SHI'71 3+52163

3191< ASK LIr-HT 9491< it3K LIGHT CUTSISS OUTSIDE
r1AJO FLSHNT5 (PC66TI
AL 2.11 2.1.7 7,95 1.7 7.3 SC.8 5.25SI 3.02 2.35 1.33 1.29 2.91 4.23 .66 3.01FE 12.2 1+.2 ?6.9 11.1. 14.7 24.5 11.8 7.59MN 77,3. 17.6 8.36 30.4 3Q3 9.18 2.65 .47
MINOS ELMNTS (PP')
SC 1.5 '3. I _6t. 747 7,5 54.6 75.1CF !.5 351. 32.5 75.6 374 19.6 366 165CO 2''. 23! 217 278 255 322 328 125+51 16? 1.71 1253 1607 13'+8 L63 3561. 1311CU 559 97'. 537 559 1151 1663 3353 1131ZN 517 1466 753 11?! 142 5)71 1755AS 111 106 111 35.1 158 49.3 32.459 1.1 1!.' 15.3 7.11 1.? 59.2 51.5 3.595 3135 5573 9971 3633 6236 6957 23338 1997511.0 6.5 21.2 12. 13.6 21.9 28 152U 6.5' 5.01 971. 7.27 6.13 15.9 13? --
RAF FARTH ELL'3'S (P1
LA 39.4 .2.1 52.1 17.6 55.5 '.1.5 -- 218CU q 3,5 132 64.1 121 56.5 -- 2.7430 26.2 7. 3 26.3 66.7 6.. C -- 13713.6 22.7 5.+2 j4.6 9.75 --EU 1.95 579 .95 -- 4.2-4 -- 35.691 4.54 3.57 t,35 4.3 .34 -- --13' 17. 9.5. 11.! 8.27 -- 35.3LU .1'. i.1 2.9 1.75 1.°7 3.11 2.51 16.'.



Appendix V-E. Residual phase concentrations.
3H-053) 3'11751 0141757 BHj755 9142167 9140577 842149 0142152 9142151. 9142152

9AIç LIGHT LIGHT DA'K 006K LIGHT 084K LIGHT 3AK LIGHT
MAJOI L:MNTc (PR0NTI
AL 1.0t 6.13 6.69 6.95 6.98 6.99 6.95 6..,5 5.17SI 26.'. 28.1 27.0 26.1 27.5 27.0 27.1 25.3 25.3 27.7FE 5.71 5.76 '..01 5.9'. 6.67 6.47 6.20 7.37 7.25 6.54MN .01 .27 .22 .1'. .21 .25 .17 .15 .16 .21
$TNOQ ELEM"14T5 (P6)
SC 2'.9 10.2 21.5 22.3 24.3 24.5 22.6 26.8 25.1 22.4CR 135 115 144 l.7 157 16. 142 132 135 125CC 20.1 32.7 33.1 25.7 3'..'. 38.'. 22.9 34.4 29.1 34 1Nj 71.1 115 21! 1'? 241 145 110 10'. 86.3 157Cu 88.6 97j 107 80.7 113 105 92.3 133 102 07.7ZN 116 19'. 162 163 j63 165 127 231 105 152*5 8.39 3.51 2.66 4.35 4.22 2.18 4.25 1.59 3.07 2.19s9 1.10 1.47 .81 .56 .79 3.27 1.46 1.4.7 .41 .76BA 5020 4372 3922 3481 2461 2597 4091. 21.76 302 3437TN 3.'.6 3.311 3.47 3.09 2.76 2.93 3.08 2.03 2.28 2.85

Li 1.1.5 .81 1.16 .06 1.08 .99 1.10 .84 .93 1.65
RACE 549714 FP'E'41S (PP
LA 3'.7 30.3 30.5 25.3 27.5 27.6 24.5 17.0 21.5 23.9CE 26.2 33.2 32.3 25.6 26.8 38.4 21.9 24.9 19.5 30.940 36.6 24.6 26.1 26.3 16.3 25.4 19.1 25.9 21.8 21.95$ 5'.9 6.56 6.85 6.07 6.33 6.91 5.25 5.07 5.45 5.61EU 1.95 i.4. 1.73 1.51 1.. 1.69 1.51 1.58 1.58 2.0079 .9 .76 .95 .81 .84. .93 .93 .74 .76 .7679 3.33 2.94 3.36 2.52 3.1.6 2.83 2.51 3.08 2.87 2.38LU .51 19 .52 .40 .4.8 .35 .45 .44 .43 .33

MAJOS L4cNT (064r.rN1,
AL
SI
FE
MN

M!N"9 EILMENTE t°PM)
SC
C9
CO
NI
rj
7,!

AS
S5
08
714

LI

R495 EARTH 5LE'1IT5 (PF'
LA
CE
MC
SM
EU
'-p
VS
LU

34?16'. 3112165 '142166 9H2157 0142159 9142162 3141771 9142163

OAPK 14K LIGHT DARK DARK LIGHT OUTSIDE OUTSIDE

6.19 6.' 6.22 6.51 5.58 6.23 8.65 8.2127.4 715 ?6.9 2'.? 2.7 25.9 25.8 25.7
6.6.. 6.89 6.06 6.03 7.61 7.89 4.58 6.(7.2' .2' .11 .26 .13 .19 .01 .02

25.5 25.0 '1.0 21.6 2'.0 27.6 16.2 20.1142 131 126 124 1'? 160 96.0 14829.2 '.2 31.1 42.9 16.2 23.9113 1113 136 130 7.5 151 44.9 111182.5 96.1 105 62.4. ¶9.5 63.4 23.1 '.45
1'.2 17' 13 163 92.0 125 131 1213.31 2.76 2.77 4.49 2.23 2.10 2.36 1.94.5' .61 .90

355'.
2.11

4430
.55

2?7 3.36
2287

.5!
1139

82
11152.26 2.28 2.01 3.09 1.68 2.03 8.05 1.38.6? .7 .9. 1.16 .83 .71 1 .98 2.03

22.3 21.0 21.6 31.2 jc3 21.4 36.7 23.72.7 1'.3 24.6 3'J.9 16.1 27.6 61.5 4*.519.4 18.6 18.4 27.6 14.5 19.1 32.1 22.'5.54 5.21 4.82 7.01 4.46 5.73 6.11 4.691.50 1.3' 1.32 1.96 1.71 1.56 1.35 91.79 .66 .'f '9 .73 .76 .60 7'1.3: 2.26 2.91 2.93 3.28 2.41 1.59.37 .43 .4.6 .'.2 .39 .33
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Appendix V-F. Bulk phase concentrations for samples with only atomic absorption analyses.
IH-3503 3H1751 3u1767 9H1760 9H2167 3.10571 5H2149 9H2150 9H2151 SH2j'52

0AK LIGHT LIGHT O8K DARK LIGHT O3K LIGHT DARK LIGHT
MAJOS LClsENTc (PFRGENT)
AL 1.O 6.13 6.69 6.95 6.98 6.99 6.95 6.45 6.17 6.25SI 26.'. 25.1 27.0 26.1 21.5 21.0 27.1 26.3 25.8 27.7FE 5.13 5.75 6.07 5.9'. 6.67 6.',? 6.25 7.37 7.25 6.54MN .21 .27 .22 .14 .21 .25 .17 .15 .16 .20
MINOR ELEMENTS (PPm)
SC 2.9 19.2 21.5 22.3 24.3 2t..S 22.6 26.8 25.1 22.4CR 135 115 11.4 147 157 164 141 132 135 125CO 20.1 32.7 33.1 25.7 34.4 38.4 22.9 34.4 29.1 34.1WI 75j 175 21' 1'2 21.1 11.5 110 10'. 86.3 157Cu 85.6 '7.1 107 80.7 103 105 92.3 133 102 877ZN 116 19'. 162 163 153 165 127 230 105 152AS 5.39 3.51 2.66 4.35 4.22 2.18 4.25 1.69 3.07 2.1955 1.13 1.1.7 .81 .66, .79 3.27 1.46 1.'.7 .1.1 .76BA 5525 4312 392' 31.81 2461 2597 1.09'. 2475 3202 3437TN 3.'.5 3.1 3.47 3.69 2.76 2.93 3.03 2.03 2.28 2.65U 1.46 .81 1.16 .6 1.05 .99 1.10 .84 .93 1.65
RACE EARTH rfp'E9T5 PPM
LA 32' 30.3 36.5 25.3 27.5 27.6 24.5 17.0 21.5 23.9Cl 26.2 33.2 32.1 25.' 26.6 38.4 21.9 24.9 19.5 30.9MU 3'.6 24.6 2.1 26.3 16.3 25.'. 19.1 25.9 21.8 21.9SM 6.'.9 6.56 6,55 6.67 6.30 6.91 5.25 5.07 5.45 5.61EU 1.95 1.4. 1.3 1.51 1.64 1.69 1.51 1.58 1.53 2.0876 .96 .75 .95 .61 .81. .93 .93 .74 .76 .76VS 3.03 2.94 3.36 2.50 3.1.6 2.83 2.61 3.05 2.81 2.38LU .51 .49 .52 .49 .1.8 .35 .45 .1.1. .43 .33

3.12166 3H3355 9.12156 RH2j57 6.12159 9.12163 5.11711 9.12153

3APX flARK LIGHT OARK DARK LIGHT OUTSIDE OUTSIDE
NAJCR ELEMENTS 1DECN1)
AL 510 6.5' 6.22 6.61 6.50 D.23 6.65 5.20SI 2.4 775 28.9 27.2 25.7 25.9 25.5 25.7FE 6.6k 6.89 6.26 6.03 7.65 7.89 4.35 6.(7.2 .25 .i .25 .13 .19 .fl7 .02
MINR ELtMEP4T5 I°M
SC 26.5 25.0 1) 21.6 27.6 16.2 20.1Cs 162 131 12' 12. 17 160 96.0 148ce !'.l 23.2 35.9 '.2 31.1 42.9 16.2 20.9'II 113 135 13' 133 755 151 44.9 101ru 52.5 95.0 156 52.4 59.5 68.4 23.1 '.6.67.1 542 17 13' 16') 92.0 125 131 121.AS 3.11 2.7' 2.77 4.9 2.20 2.13 2.38 1.94SS .3° 61 .99 2.10 .55 0.36 6,3 .6238 22° 2'4? 3554 4431 2297 2257 1139 10052." 2.25 2.91 3.09 1.63 2.01 6.U6 5.38U .32 .7 .9 1.16 .53 .71 1.95 2.03RA5 EIRrH ELENTS (PF
LA 22.3 'S.0 21.6 31.2 19.3 21.'. 36.1 23.7CE 2..7 19.3 '6.6 35.9 16.1 27.6 61.5Nt' 19.4 15.5 16.1. 27.6 14.5 19.1 32.3 22.SM 5.5. 5.25 4.52 7.01 4.46 5.73 6.11 k.ogEU 1.61 1.3' 1.50 1.95 1.71 1.56 1.3' 97.79 .66 . .9 .70 .76VP 3.1' 3.3: 2.25 ?.9C 2.93 3.28 2.41 1.69LU .54 '.7 .37 .43 .46 .42 .39 .33
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Major elements (%)
Al

Si

Fe
Mn

Ca

Minor elements (ppm)
Cu

Ni

Zn

Ba

APPENDIX VI

Ana1yse of Standards

U.S.G.S.
BCR-1

Measured Accepted*

137

o.S.U.
North Pacific Sediment

Standard
SD0895

Measured Accepted**

7. 17 7.20 8.82 8.83
25.4 25.5 25.8 26.6
9.3 9.41 5.35 5.21
0. 15 0. 14 0.61 0.59
4.98 4.95 0.80

14 18 329 321

3 16 226 227
133 120 173 165

755 675 5835 6170

* Flanagan (1973)
** C. Chow (pers. comm.)




