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A new technique for determining the amount of opal in deep-sea

sediments of any age is described. Using a normative calculation, a

portion of the analytical silica concentration of sediments is subtracted

as non-biogenic in proportion to the concentration of aluminum in the

sample. The ratio of SiO2:Al2O3 used to characterize the non-biogen-

ic sediment fraction was determined by X-ray diffraction analysis of

opal-free sediments. The procedure was tested against the X-ray

diffraction method for determining opal in deep-sea sediments

The biogenic silica content of Cenozoic sediments from 20 Deep

Sea Drilling Project sites in the central equatorial Pacific was deter-

mined using the normative calculation technique for opal determina-

tion. The equatorial Pacific lies beneath the equatorial current

system where upwelling of nutrient-rich waters results in high

plankton productivity. Accumulation rates of biogenically produced

Redacted for privacy



silica were calculated from the opal contents. Maps of these accumu-

lation rates for time intervals during the Cenozoic show that opal

accumulation was highest near the equator or paleoequator during the

last 50 m. y. Superimposed on this pattern are fluctuations in the

rate of opal accumulation in the entire area with time. Regional

maxima in opal accumulation in the entire area with time. Regional

maxima in opal accumulation occurred during the middle Eocene

(42 - 45 m. y. ago) and the late Miocene (7 1 0 m. y. ago), The

accumulation rates during these maxima are an order of magnitude

higher than those during times of minimum accumulation: the late

Oligocene (25 m. y. ago) and the present. The percent of biogenic

silica in the sediments varies synchronously with the accumulation

rates, but is low to the east due to dilution by non-biogenic sediment

from terrigenous and volcanic sources.

Surface productivity controls the accumulation of opal in the

equatorial Pacific and opaline sediments are not subject to differential

solution with depth. The opal productivity indicated by opal accumu-

lation rates is not related to changes in sea surface or bottom water

temperatures and is therefore not directly governed by climate. The

association of equatorial productivity and upwelling suggests that

changes in circulation which cause upwelling were the principal factors

controlling productivity and accumulation of biogenic silica in the

past.
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BIOGENIC SILICA SEDIMENTATION IN THE
CENTRAL EQUATORIAL PACIFIC DURING THE CENOZOIC

PART I: A NORMATIVE CALCULATION TECHNIQUE
FOR DETERMINING BIOGENIC SILICA IN

DEEP SEA SEDIMENTS

The opaline skeletal remains of marine plankton such as dia-

toms, radiolarians and silicoflagellates are important constituents of

marine sediments, Quantitative estimates of the amount of this bio-

genic silica are necessary to characterize sediments for geologic and

paleoceanographic studies. Methods for determining the amount of

opal in modern sediments are complicated, however, and have proven

unreliable for sediments older than about one million years.

The techniques commonly used to determine opal are X-ray

diffraction, infrared spectroscopy and chemical dissolution. An X-ray

diffraction technique for measuring the opal content of deep-sea sedi-

ments was developed by Goldberg (1958) and Calvert (1966) and

modified by Ellis (1972). The technique relies on the conversion of

amorphous opaline silica to cristobalite upon heating and has been

used routinely for Pleistocene sediments by many investigators. While

the method gives reproducible results for modern sediments,

attempts to use it on sediments older than one million years have been

unsuccessful because aged opal does not seem to convert completely

to cristobalite. The thermal-inversion relationship is probably



affected by bond changes in the opal molecules as they age (Heath,

1975). Opal which has been converted to quartz or which has been

dissolved and redeposited as a siliceous coating on other sediment

fractions is also undetected by this method.

Chester and Elderfield (1968) used infrared spectroscopy to

determine opal. In this method the absorbance of carbonate-free

samples is matched to a standard curve obtained from discs contain-

ing pure opal in KBr. This technique compared well with results

from X-ray diffraction. However, the presence of more than 5%

quartz in the sediment interferes with the opal absorption band. In

this case, which is common in marine sediments, a modified techni-

que must be used. A "balancing disc" containing an estimated amount

of quartz is placed in the reference beam of the spectrophotometer

and the original carbonate-free sample is run against it. The amount

of quartz in the "balancing disc" must be changed until it is within

± 0. 5% of that in the sample, whereupon the quartz band is eliminated.

Opal may then be measured from the standard absorbance curve. If

the opal:quartz ratio is less than three it is not possible to estimate

the opal content. A further complication arises because the technique

measures Si - OH stretch frequencies with which some marine con-

stituents like palagonite interfere.

A dissolution method for removing amorphous silica from clays

which has been used to measure the opal content of sediments was
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described by Hashimoto and Jackson (1960). The technique involves

repeated leaching of samples with 0, 5N NaOH. The concentration of

silica in the supernatant is measured after each dissolution, The

authors indicate that poorly cyrstallized clay minerals are also

attacked by this treatment. In a test of the procedure on biogenous

opal, Ellis (1972) found the method to be very inefficient for opal-rich

samples since appreciable quantity of opal was left undissolved after

four leaches. In addition, a variable number of dissolutions, ranging

up to seven, was required to remove all of the opal from duplicate

standards.

A second differential dissolution method using sodium carbonate

has been used by Russian investigators (Bezrukov, 1955; Lisitzin,

197la) but their results are not compared to other techniques. Hurd

(1972) also dissolved samples in 5% Na2CO3. He measured the silica

content of the supernatant by color imetry (Strickland and Parsons,

1968) and related its net absorbance to a standard curve obtained from

various percentages of opal mixed with an artificial sediment. Sili-

cate minerals were also dissolved by this treatment, especially pala-

gonite and montmorillonite. Therefore, variability and/or poor

crystallinity in the non-biogenic sediment fraction introduce errors in

the opal content estimated by this technique. A comparison of opal in

surface sediments from the southern South Atlantic determined by

sodium carbonate dissolution (Lisitzin, 1972) with those determined



by X-ray diffraction (Ellis and Moore, 1973) reveals discrepancies

which indicate that this dissolution also yields low values for samples

with high opal contents. Both dissolution techniques become question-

able when applied to older sediments because the solubility of opal

also changes with geologic age due to bond changes in the opal mole-

cules (Heath, 1975).

Bostrom and Fisher (1971) reasoned that the Si02:A1203 ratio

of oceanic and continental crust is about 4:1 (Bostrcim and others,

1971, chose 3:1, a ratio representing the continental crust), and that

chemical data could, therefore, be corrected for 'excess' or opaline

silica to yield non-biogenic sediment compositions. They used the

relation:

Si02 "excess" = Si02 measured - 4 A1203 measured

(where 4 AlO3 is the estimate for non-biogenic silica). This techni-

que is a potential method for determining the amount of opal in sedi-

ments of any age by making a normative calculation in which some of

the analytical silica concentration is subtracted as nonbiogenic in

proportion to the amount of other chemical constituents in the sample.

The non-biogenic fraction of marine sediments is made up of clay

mineral assemblages with various actmixtures of volcanic ash, authi-

genic minerals, manganese nodules and hydrated ferromanganese

oxides. Since the proportion of each component varies widely from
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one area to another, the non-biogenic fraction, taken as a whole, can-

not be assumed to have an Si02:A1203 ratio equal to that of average

continental crust. In clays, generally the major non-biogenic com-

ponent, the ratio ranges from 2:1 to almost 7:1 (Weaver and Pollard,

1973) and varies with structure and the amount of cation substitution,

In order to determine whether the method of subtracting non-biogenic

silica is feasible and capable of giving reliable opal concentrations, a

study was made of surface and subsurface sediments from Deep Sea

Drilling Project cores in the central equatorial Pacific Ocean.

METHODS

To establish a Si02:A1203 ratio appropriate for the central

equatorial Pacific, 42 samples which had little or no recognizable

skeletal opal in smear slides were chosen from Deep Sea Drilling

Project cores spanning the entire area and time range of interest,

After calcium carbonate was removed with acetic acid buffered to

pH=5, ferromanganese hydroxyoxides were removed by the dithionite-

citrate-bicarbonate technique of Mehra and Jackson (1960), The

samples were Mg saturated and the <2km fraction was mounted as

oriented aggregates and X-rayed in duplicate. Relative proportions

of the smectite, illite, kaolinite and chlorite groups were estimated

from peak-areas using the weighting factors of Biscaye (1965). This

technique assumes that these clays account for all the sediment finer



than 2m.

In addition2 quartz and opal were determined (Till and Spears9

1969; Ellis, 1972) on 2 - ZOpm carbonate-free aliquots of the same

samples, as well as on thirteen composite samples made up from

DSDP samples spanning the last one million years at each site0

Finally, a portion of each sample was dissolved with aqua

regia and hydrofluoric acid in Teflon-lined bombs, neutralized with

boric acid after dissolution (Bernas, 1968), and analyzed for Si, Al,

Mg, Mn and Fe by atomic absorption spectrophotometry (AAS). In

this way the Si02:A1203 values estimated from ideal mineral corn-

positions could be compared directly with the actual values for each

sample.

RESULTS

Clay Miner alog

Smectite is the dominant clay phase in all but one of the 42

samples which were analyzed for clay mineralogy (see Table 1),

Eight percent of the samples contained at least 60% smectite and over

half contained more than 80% smectite. These results are in general

agreement with those of Heath (1969b) who found that only the most

recent of his cores in the equatorial Pacific ocean contained less than

60% smectite, The smectite concentration in the samples from the
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TABLE 1, Semi-quantitative clay mineral abundances, theoretical
Si02:A1203 ratios and quartz content of opal-free sediments.
(Sample number indicates DSDP Site. Age interval is in
parentheses. Samples are listed in order of distance from
East Pacific Rise at time of deposition.

Sample Smectite Illite Kaolinite Chlorite Si02:Al203 %Quartz

(calculated)

80(21-22) 91.5± 5.5 7.3± 8.9 0. 5± 0.1 1.2± 1.3 3.886 1.3
81(16-17) 99.6± 0.8 0 0 0.4± 0.8 4.000 2.0
83(1 0-11) 96.9± 1.4 0 0 2.7± 2.3 4.000 2.0
77 (37-38) 85.2±4.6 10.5± 3.8 1.7± 0 2.6± 1.0 3.808 1.8
75(31-32)* 14.5 63.2 0 22.3 3.052 4.8
74(44-45) 85.1± 3.4 12.3± 1.8 0 2. 6± 5.2 3.816 4.0
162(49-50) 92.6± 2.4 5.5± 3.0 1.9± 0.6 0 3.880 1.5
159(23-24) 81.5± 3.2 13.2± 3.0 1.5± 3.0 3.7± 1.8 3.768 1.9
159(22-23) 91. 3± 0.2 7. 2± 1. 3 0. 6± 1. 2 0. 8± 0. 1 3. 876 1. 0
79(20-21) 95.1±1.1 2.8±1.4 0 2.1±2.6 3.958 0.0
74(36- 37 )* 88. 4 0 5. 0 6. 5 3. 896 2. 0
79(19-20) 93. 1 0 2. 1±4. 2 4.8± 4.3 3.958 2.0
79(18-19) 100.0 0 0 0 4.000 2.0
80(20-21) 94.5± 1.8 0 0 5.5± 1.8 4.000 2.0
77(28-29) 51.3± 15.5 28.7± 6.7 7.8± 15.5 12.2±0.4 3.416 5.0
159(19-20) 93. 7± 6. 5 3.4± 6. 8 2. 2± 1. 1 0. 7± 1.4 3. 905 2. 3
74(33_34)* 75.8 18.9 2.1 3.2 3.675 3.7
79(18-19) 100.0 0 0 0 4.000 2.0
163(69-70) 71.9±3.0 26.0±0.9 1.4±0.7 0.7± 1.5 3.386 0.0
72(27-28)* 45. 0 39.9 8. 1 7. 1 3. 244 3. 1
77(20-21) 85.4± 1. 7 10. 5± 1 0 1. 8± 1.0 2.4± 2. 8 3. 807 1 1

71(28-29) 83.0± 0.8 13.4± 0.2 1 2± 2.4 2.4± 1.8 3.775 2.3
75(21-22)* 52.5 27.9 12.3 7.3 3.336 1.8
73(20-21 )* 43.8 38.6 10.1 7.5 3.219 5.2
75(16-18) 89.6±0.6 8.9±0.1 0.4±0.7 1.2±1.2 3.863 3.9
159(13-14) 57. 9± 0 16.2± 1.4 15. 3± 1. 5 10. 6± 0. 7 3. 615 0. 0
160(1-2) 73.0± 1.9 13.8±2.2 4.1± 0.9 9.1± 0.6 3.711 5.3
75(1 _2)* 59. 5 23. 0 9. 0 8. 5 3.475 4. 0
40( 68.5± 8. 5 21.3± 10.8 4.8± 1.4 5.5± 3.7 3. 589 3.2
41(0-1) 49. 5± 2. 9 30. 5± 0.4 9. 8± 1. 5 10. 2± 1.0 3.347 3.9

* Insufficient sample to run duplicate



study area decreases roughly with distance from the East Pacific Rise

at the time of deposition from 90 - 100% smectite in samples deposited

at or near the rise crest to approximately 50% in samples furthest

from the rise crest, Illite was next in abundance and made up 0 - 40%

of the clay fraction. It is negatively correlated with the smectite con-

tent. Kaolinite and chlorite exceed 10% only in samples with low

smectite concentrations. The negative correlation between smectite

and the remaining components results from forcing the data to sum to

100% when one component is dominant (Chayes, 1960).

An Si02:A1203 ratio was estimated for the clay phase of assign-

ing each clay group an average ratio based on compiled analyses of

clay minerals (Weaver and Pollard, 1973). The ratios chosen were:

smectite - 4:1; illite - 2.5:1; kaolinite - 2:1; and chlorite 4:1. Using

these values, ratios were calculated for the clay fraction which

ranged from about 4. 0:1 for samples deposited near the East Pacific

Rise to about 3:1 for samples deposited furthest from the rise crest.

Samples representing the last one million years of sedimentation had

ratios of about 3:1, The average for the entire group was 3. 68:1, but

it is biased toward samples with high smectite contents.

Quartz and Opal

Quartz made up approximately 1 - 5% of the 2 - 201m fraction

of all samples except those from the last 5 million years, which had



2 - 20 pm fraction quartz contents of 10 11%. Rex and Goldberg

(1958) found that most detrital quartz in their Pacific sediment

samples was in the 2 - 20 1jm size range. This fraction made up about

half of the carbonate-free sediment, by weight, in samples from this

study. Therefore, 5% of the carbonate-free silica content of the 0-1

million year samples was attributed to quartz Based on the quartz

contents of older samples determined in this study and in a study of

equatorial Pacific sediments by Heath (1969) a similar quartz correc-

tion can be made for samples older than one million years. Assum-

ing the 2 - 20 j.m size fraction to account for about half of the carbon-

ate-free sediment, 2. 5% of the carbonate-free silica of samples

between one and 40 million years old is detrital quartz and 1% of the

carbonate-free silica of samples older than 40 million years is

detrital quartz.

The opal content of the thirteen 0 - 1 million year samples as

determined by the X-ray technique and the normative calculation

(using a Si02:Al203 of 3:1) is shown in Table 2. The values are cal-

culated on a salt-free (bulk sediment) and on a carbonate-free and

salt-free basis, All values are corrected for quartz contents. The

agreement between the two methods for the salt-free calculation is

very good (r = .942, see Figure 1). On a carbonate-free basis the

agreement is not as close (r = . 883) because the differences are

multiplied by carbonate correction factors.



TABLE 2. Bulk and Carbonate-Free Biogenic Silica Content of 0 - 1 Million Year Sediment Samples
from DSDP Sites in the Central Equatorial Pacific Ocean

Site
Bulk Biogenic Silica Percent

X-Ray# AAS#
(calculated)

Carbonate-Free Biogenic Silica
X-Ray# AAS#

(calculated)

CaCO3 %*

70 20.35 1.4 20.39 1.4 20.42 1.4 20.65 1.4 1.16

71 7.27 0.3 7.09 0,1 37.19 1.3 36.26 0.31 80,45

72 13.81 0.4 13.45 0. 5 76.74 2.0 74.72 2.80 82.00

73 14. 93 0. 7 7. 07 0. 6 99. 61 4. 6 47. 16 4. 0 85. 01

74 42.07 2.0 40.48 1.2 41.57 2.1 40.95 1.2 1,17

75 0.00 0.5 1.85 0,1 0000 0.5 1,87 0,1 0.87

77 15.43 0,1 12,77 0. 6** 73.48 0. 5 60.08 2. 9** 79.00

79 11.86 0,6 12.09 0. 8** 74.46 4.0 75.89 4.8** 84.07

81 9,47 0.2 6. 13 0. 1 85.38 3.1 55.27 0. 1 88.91

82 18.35 1.1 17.23 0. 8** 76.55 12.5 71.88 3. 5** 76.03

83 15.42 0.1 15.03 0. 1** 35.61 0.2 34.70 0. 3** 56.69

159 3.26 1.6 1.33 2.3** 3.27 1.6 1,34 2,3** 0,26

160 18.90 1.5 8.34 1.6 19.54 1.5 8.62 1,8 3.27

* Values below 80% from LECO-714 analyzer, values above 80% from AAS
# Samples run in duplicate
## Samples run in triplicate 0
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DISCUSSION

The Xray technique has an accuracy of ± 5% for samples having

less than 60% opal, but may be less accurate for those with greater

opal contents (Ellis, 1972). The precision of the atomic absorption

analyses varies from about 1 to 2% for Si and Al in samples low in

calcium carbonate to about 2 to 5% for those high in carbonate, Corn-

parison with USGS standard rocks and pure opal standard indicated no

systematic error. Determinations of Al in standard rocks were

accurate to ± 1 weight percent and Si determinations were accurate to

± 1. 5 weight percent. The maximum error for the opal determina-

tions using a Si02:Al203 ratio of 3:1 is, therefore, about ± 5% for low

carbonate samples and ± 6% for high carbonate samples.

A known and consistent 5i02:Al2O ratio for the area studied

is a prerequisite for accurate biogenic silica estimates. The effect

or ratio variability is greatest at low opal concentrations, At 0%

opal, the error is 12% for each integral departure from the actual

Si02:A1203 ratio (see Figure 2). The error decreases linearly so

that at 100% opal all ratios correctly determine the opal content

because there is no alumina in the sample, This makes the normative

calculation more accurate for samples with high opal content where

X-ray diffraction and differential solution techniques are particularly

unreliable. Estimates of the chemical composition of the non-biogenic
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fraction based on clay mineralogy provide reasonable Si02:A1203

values for the calculation since clays are usually the major non-

biogenic component that contains silica. Where clay mineral data are

not available, it is probably more accurate to use an average ratio

based on pelagic clays than the continental ratio of 3:1, El Wakeel

and Riley (1961) list chemical analyses of 11 pelagic clays If these

are corrected for their biogenic silica contents, the average SiO:

A1z03 is 4.3:1, Analyses of nine pelagic red clays from the Pacific

described by Revelle (1944) have an average Si02:Al203 of 3,9:1,

These values are appropriate for samples with little terrigenous in-

fluence. The value originally used by Bostrom and Fisher (1971) of

4:1 is therefore a good estimate of the ratio for deep-sea sediments,

An important source of error for determining opal on a car-

bonate-free basis lies in the calcium carbonate values themse1ves

The effect of errors in carbonate content is particularly great for

samples having more than 85% carbonate. For example, a bulk

sample biogenic silica content of 3% represents 43% of the carbonate-

free sediments if the carbonate content is 93%, but represents 60% of

the carbonate-free sediment if the carbonate content is 95%. Car-

bonate determinations for this study were initially calculated from

measurements by a LECO-7l4 carbon analyzer. These values seemed

to be systematically low compared to measurements made on the same

core intervals by the Deep Sea Drilling Project. Ca was then
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measured by atomic absorption and calcium carbonate was calculated

using the relation:

CARBONATE % = 100 (
Ca% - (0.0041 SALT %) - 0.73

39. 31

which corrects for calcium in the salt and non-carbonate fractions.

The error introduced by assuming a constant Ca content of the non

biogenic fraction (0.73%) is less than 1% for samples with more than

90% calcium carbonate and less than 3% for samples with more than

80% calcium carbonate (Dymond and others, in press). The error

increases exponentially with decreasing carbonate content. There-

fore, the atomic absorption value for Ca was used to calculate cal-

cium carbonate contents above 80% and the LECO value was used for

those below 80%. The carbonate contents estimated by atomic absorp-

tion differed by as much as 10% from the carbonate percentages

determined by LECO and markedly improved agreement between the

X-ray estimate and the calculated normative estimate of carbonate-

free opal concentrations, Biogenic silica values for bulk samples are

unaffected by carbonate values so that accumulation rate calculations

can be made regardless of the quality of the carbonate data for the

sediments.

The normative calculation method described above gives results

which are compatable with those of the standard X-ray technique for

sediments younger than one million years, but the X-ray technique



16

may still be preferable for such samples since it measures opal and

quartz directly. Both methods involve a moderately extensive labora-

tory preparation. There are two applications for which the normative

calculation has a distinct advantage. One is the case where samples

are to be analyzed for chemical composition so that the normative

calculation requires no additional laboratory work The second is for

pre-Pleistocene sediments for which X-ray and dissolution techniques

are unreliable.
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PART U. BIOGENIC SILICA SEDIMENTATION IN THE
CENTRAL EQUATORIAL PACIFIC

DURING THE CENOZOIC

In the span of a few years the central equatorial Pacific Ocean

has become one of the most intensively studied pelagic geologic pro-

vinces in the world ocean, This area lies beneath the biologically

productive equatorial current system, which has existed through the

Cenozoic. The plankton of the equatorial current have supplied

abundant skeletal material which, together with terrigenous and authi-

genic sediment, has produced an unusually thick and complete marine

record. Because the high productivity of the region is a direct conse-

quence of the large nutrient concentrations associated with upwelling

at the equator, this sedimentary section is a record of the paleoceano-

graphy and history of productivity of the equatorial Pacific.

Since Arrhenius (1952) described the first long piston cores

from the east Pacific, various aspects of equatorial Pacific sedimenta-

tion have been studied (e.g. Burck1e, 1967; Heath, l969a,b; Hays and

others, 1969; Winterer, 1973), three Deep Sea Drilling Project legs

have focused on the area and its history (Tracey and others, 1971;

Hays and others, 1972; van Andel and Heath, 1973) and two summary

studies of the sedimentation history have been made (Berger, 1973;

van Andel and others, 1975), In spite of this wealth of published in-

formation, only the history of carbonate sedimentation in the central



18

equatorial Pacific is well known, The DSDP summaries and the study

by Berger (1973) have dealt primarily with sedimentary facies and

furnish general descriptions of the types of sediment present and of

the sedimentation history. The DSDP summaries and the study by

Berger (1973) have dealt primarily with sedimentary facies and fur-

nish general descriptions of the types of sediment present and of the

sedimentation history. The work of van Andel and others (1975)

modeled the depositional history primarily on the basis of carbonate

sediments and interpreted the paleoceanography in terms of the calcite

compensation depth and carbonate sedimentation,

Carbonate
sedimentation9

however, is not well suited for recon-

structing the paleoceanography of surface waters, Ocean waters are

under saturated in carbonate beneath the upper few hundred meters,

leading to dissolution of calcareous sediments in the water column and

after deposition. The dissolution rate increases rapidly below the

lysocline (Heath and Culberson, 1970) until the rate of solution equals

the rate of supply of calcium carbonate at the calcite compensation

depth (CCD; Bramlette, 1961; Berger, 1970) below which no calcar-

eous sediment is preserved. The distribution and concentration of

calcareous sediments are, therefore, determined by the balance

between the supply of calcium carbonate from the surface and the

dissolution of calcite at depth0 Since the depth of the lysocline and of

the calcite compensation depth fluctuate with time it is impossible to
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estimate the original supply of sediment without knowing the level of

the lysocline and the gradient of dissolution0

Seawater is also under saturated with respect to opaline silica

(Krauskopf, 1956; Jones and Pytkowicz, 1973). The opaline tests of

radiolarians, diatoms and silicoflagellates dissolve in the water

column and in surface sediments, but the rate of solution is almost

indpendent of depth (Heath, 1974; Edmond, 1974). For siliceous

sediments below 2000 m Johnson (1974) found that the only preserva-

tion - depth correlation for the eastern tropical Pacific was a result

of hydraulic sorting: deeper depositional sites receive a statistically

higher amount of opaline tests than do shallow sites Because pre-

servation is largely independent of depth, opaline sediments are a

less distorted indicator of surface productivity than are carbonate

sediments. Studies of Holocene and Quaternary opal distributions in

the equatorial Pacific (Heath and others, in prep0) reflect the patterns

of primary productivity in the area (Ryther, 1963; KoblentzMishke

and others, 1970; Lisitzin, 1972),.

All previous studies of the Cenozoic sedimentation history of the

equatorial Pacific have, of necessity, dealt qualitatively with siliceous

biogenic sediments because there has been no analytical technique for

determining the opal content of sediments older than one million

years. The development of a new technique for determining the opal

content of marine sediment of any age (see Part I) permits a
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quantitative evaluation of the Cenozoic budget of opaline silica. This

procedure has been used in this study to determine the opal content of

selected samples from DSDP sites in the central equatorial Pacific.

With this information to estimate the rate of accumulation of biogenic

silica can be estimated which, together with the history of carbonate

accumulation, can be used to reconstruct changes in the equatorial

current system and in its associated biologic productivity during the

past 50 million years

Biostratigraphic and Tectonic Models

This study supplements van Andel and others1

(1975) larger

synthesis of central equatorial Pacific sedimentation. Their synthesis

provides the tectonic framework and a detailed analysis of carbonate

sedimentation with which the analysis of biogenic silica sedimentation

can be coupled, To facilitate comparison, the biostratigraphic and

tectonic models used in the previous study have been adopted un-

changed. In addition, the samples were chosen to complement those

of the first study as much as possible.

Samples were chosen from 22 drill sites from Legs 5, 8, 9 and

1 6 of the Deep Sea Drilling Project (Figure 3; Appendix I); which are

the same ones used by van Andel and others (1975), The biostrati-

graphic zonation for each site is presented in that study. This zona-

tion is based on the biostratigraphic zonations presented in the Initial
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Reports for each of the DS]JP legs with revisions by D. Bukry. The

absolute chronology is based on Berggren (1972), Ages of sediment-

basement contacts and ages of the oldest cored sediment in holes

which did not reach basement were taken from van Andel and Bukry

(197 3). One-million- year absolute age boundaries were determined

for the entire length of cored sediment at each site by plotting the

absolute ages of all available biostratigraphic zone boundaries against

ages of all available biostratigraphic zone boundaries against depth in

the hole. A curve, fitted by hand to all points, was then used to

determine the depth of all one million year age boundaries at each

site. The uncertainty in the absolute ages of zone boundaries used to

determine one million year age boundaries does not exceed 1 m, y.

for intervals less than 10 million years old, 2 m.y. for those 10 to 27

million years old and 3 m, y. for intervals 27 to 50 million years old.

An extensive discussion of the assumptions and uncertainties associ-

ated with the biostratigraphic zonation, absolute ages and one million

year age boundaries is given in van Andel and others (1975).

All sites used in the study except one, site 83 on the Cocos

Plate, are on the Pacific plate which has moved northwestward with

respect to the present equator throughout the Cenozoic (Francheteau

and others, 1970). This movement has produced a progressive north-

ward displacement of equatorial deposits with increasing age (van

Andel and Heath, 1973; van Andel and others, 1975; Winterer, 1973).
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Consequently, it is essential to know the exact migration path of each

site with time for paleoceanographic reconstructions. This location

of the Pacific pole of rotation and the motion of the Pacific plate

around this pole of rotation during the Cenozoic have not yet been

determined unambiguously. Several pole positions and rates of rota-

tion have been suggested (Morgan, 1972; Clague and Jarrard, 1973;

Minster and others, 1974). The time of shift from the Cretaceous

and early Cenozoic Emperor pole of rotation to the present Hawaiian

pole is also uncertain. Van Andel (1974) and van Andel and others

(1975) determined axes of maximum equatorial sedimentation for

several time intervals during the Cenozoic. These axes were

migrated according to several rotation schemes and a model was

finally chosen which kept the axis parallel and well- centered on the

present equator. The rotation system used in that study and in this

one is:

INTERVAL POLE ROTATION

Pacific Plate:

o - 25 m. y 67 °N, 59 ow 0. 83 0/rn. y.
25- 50m.y. 67°N, 59°w 0.25°/m.y.
> 50 m. y. 11 °N, 84 °w 0, 80 o/m, y.

Cocos Plate:

0 - 15 my. 23°N, 119°W l.47°/m.y.

The migration paths of the sites used in this study are shown in
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Figure 4. A detailed discussion of alternative Pacific plate poles and

rotation rates and of the basis for choosing the rotation scheme above

is included in van Andel and others (1975),

Finally, ocean crust formed at rise crests gradually subsides

as it ages. This subsidence can be described by a quantitative rela-

tionship between crustal age and basement depth (Sclater and others,

1972; Berger, 1973), The depth of each site during its northwest-

ward migration has been computed on the basis of a subsidence curve

constructed from the age and present depth of basement at the DSDP

sites (van Andel and others, 1975). This curve parallels the one

determined by Sciater and others (1972).

METHODS

Composite samples were made up of several 1 cm DSDP sedi-

ment samples which were chosen from cores spanning a series of one

million year time intervals at each site, Where possible, samples

from time intervals used by van Andel and others (1975) to map sedi-

mentation, accumulation and carbonate accumulation rates were used

so that the opal data could be compared directly with those maps. A

complete list of the composite samples and the DSDP samples used

to make them is compiled in Appendix 2. Using the procedures out-

lined above, each of the 122 composite samples has been assigned to

a one million year age interval and its paleolatitude, paleolongitude
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and paleodepth have been determined. In choosing samples, portions

of the core in which mixing across one million year boundaries was

obvious from core photographs and/or biostratigraphy were rejected,

as were anomalous samples which were not typical of the time inter-

va 1.

The DSDP samples were freeze-dried and combined in equal

weight to form the composite samples. The composites were then

ground briefly,, split and recombined ten times to homogenize the

sediment. The calcium carbonate and organic carbon content of each

sample were determined from measurements by a LECO-714 carbon

analyzer. Duplicates which did not agree to within 1 weight percent

total carbon were rerun. Samples of 100 to 300 mg, depending on

carbonate content, were used for chemical analysis, They were

dried overnight, reweighed, and then dissolved with aqua regia and

hydrofluoric acid in Teflon-lined bombs, The samples were neutra-

lized with boric acid after dissolution (Bernas, 1969) and analyzed

for Si, Al, Mg, Mn and Fe by atomic absorption spectrometry using

standard solutions made from pure metals. The standard solutions

and experimental accuracy were tested against USGS standard rocks,

AGV-1 and GSP-1.

Since most of the DSDP samples arrived partially dried, the

usual correction for water loss and salt content based on weight loss

after drying could not be made. Instead, the water loss was



27

calculated from the porosities and bulk densities of the sediments

using the following relationships:

true porosity
) 100WATER LOSS l. 012 x bulk density

Water loss (%) x .035 x 100SALT
100 Water loss (%)

Porosities and bulk densities are routinely measured on DSDP cores

onboard by the Gamma Ray Attenuation Porosity Evaluator (GRAPE).

The error in GRAPE porosity is about ± 5% and that for bulk density

is ± .05 g/cm3 (Bennett and Keller, 1973). Plots of the original

GRAPE data were used since those in the Initial Reports are on a

small scale and are frequently matched to the core sections impro-

perly. From these plots, the porosity and bulk density of the indivi-

dual samples were read directly, Improper alignment of the GRAPE

data with depth in core could introduce an additional error, but this

error is minimal since the ends of sections are easily picked out on

the plots. Errors due to core distortion are also minimal since

samples from badly disturbed sections were not used. Maximum

reading errors are about 1% for porosity and about 0,02 g/cm3 for

bulk density, so that errors in the water loss and salt corrections

should not exceed 6%.

The biogenic silica content of the composite samples was deter-

mined by a normative calculation method in which a fraction of the



analytical silica concentration proportional to the concentration of

other elements in the sample is subtracted as non- biogenic For

composite samples from the 0 - 1 m. y. time interval, the opal con-

tent was also determined by X-ray diffraction using the method

developed by Goldberg (1958) and Calvert (1966), as modified by Ellis

(1972). These determinations served as a cross-check on the validity

of the results from the normative calculation. A complete discussion

of the normative calculation technique and a comparison with the

X-ray diffraction technique is given in Part L

Detrital quartz is a common constituent of marine sediments

in the central equatorial Pacific. Heath (1969) has shown that the

percentage of quartz in the 2 - 20 m carbonate-free sediment frac-

tion of equatorial Pacific sediments depends on age. A correction

was made for the detrital quartz content of the composite samples

based on his data. Five percent of the Si02 content of samples 0 - 1

m. y. in age were subtracted from the carbonate-free silica concen-

tration before determining opal content with the normative calculation.

For samples 1 - 40 m, y. old, 2, 5% Si02 were subtracted and for

samples older than 40 m, y. 1% was subtracted from the carbonate-

free Si02 concentration before correcting for non-biogenic silica.

Three different Si02:A1203 ratios were used to correct the bulk

silica content for non-biogenic silica depending on the age of the

sample. These ratios were determined by a study of the analytical
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and theoretical Si02:A1203 ratio in the principal non-biogenic sedi-

ment fraction, the clay minerals. A Si02:Al203 ratio of 3:1 was used

to represent the non-biogenic silica fraction of sediments 0 - 5 m.y.

old. Thus, three times the analytical concentration of A1203 were

subtracted from the Si02 concentration; the remainder is biogenic

silica. A ratio of 3. 5:1 was used for subsequent samples except for

those within 300 km of the point at which the site originated on the

East Pacific Rise. (It took 5 to 8 m.y. for sites to migrate 300 km

from their point of origin depending on the rotation rate of the Pacific

plate during the interval. ) For these samples a ratio of 4:1 was

used.

The precision of the atomic absorption analyses varies from

about 1 to 2% for Si and Al in samples low in calcium carbonate to

about 2 to 5% for those high in carbonate. Comparison with USGS

standard rocks and pure opal standard indicated no systematic error.

Determinations of Al in standard rocks were accurate to ± 1 weight

percent and Si determinations were accurate to ± 2 weight percent.

The maximum error for the opal determinations using a SiC2 :A1203

ratio of 3:1 is, therefore, about ± 5% for low carbonate and ± 6% for

high carbonate samples. For an Si02:Al203 ratio of 4:1 the errors

are ± 6% and ± 7%, respectively. An additional source of error

arises from using an Si02:A1203 ratio that is too high or too low.

The effect of ratio variability is greatest at low opal concentrations
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and increases from zero at 100% opal to 12% when there is no opal in

the sample for each integral departure from the correct ratio,

The X-ray technique for opal determination is thought to be

accurate to ± 5% opal (Ellis, 1972). Only two of the thirteen samples

run by both techniques differed by more than 5% opal when calculated

on a salt-free basis. On a carbonate-free and salt-free basis the

agreement was not as good, but it is likely that much of the error is

due to inaccurate carbonate determinations.

RESULTS

The biogenic silica content of the composite samples was cal-

culated on a bulk sediment basis and on a carbonate-free basis. All

values were corrected for salt content, Using the bulk biogenic silica

percentages, a biogenic silica accumulation rate was calculated using

van Andel and others (1975) bulk accumulation rates in g/cm2/my.

These rates are independent of factors such as differential compaction

of sediments and the dilution or masking effects of calcareous and

non-biogenic sediments.

Carbonate accumulation rates were also calculated from the

measured calcium carbonate contents, The percent biogenic silica,

percent carbonate, and accumulation rates for each composite

sample are listed in Appendix 3. The original chemical data used

for the calculations are given in Appendix 4 (corrected for salt only)
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and Appendix 5 (corrected for salt and carbonate).

The first-order feature in the pattern of biogenic silica deposi.-

tion in the central equatorial Pacific through the Cenozoic is a zone of

maximum accumulation along the equator. Eight sites were sampled

at intervals which included the time during which they crossed the

equator (1 °N to 1 °S). The remainder either did not cross the

equator, had a hiatus at the time of crossing, or were not cored over

the equator-crossing interval. Of the eight sites sampled, five have

distinct maxima associated with the crossing, one has a minimum,

and two were not sampled at close enough intervals to define an

equator-crossing peak, but do have accumulation rates charactertistic

of the equatorial zone during that time interval (Figure 5),

The best evidence for the influence of the equatorial zone of

high productivity on biogenic silica accumulation appears in a set of

maps covering 9 discrete time intervals during the last 50 m.y.

(Figure 6). The 9 intervals chosen correspond roughly to those of

van Andel and others (1975) so that carbonate and biogenic silica

accumulation can be compared. They chose 11 time intervals which

were keyed to maxima and minima which they observed in the sedi

mentation rate (m/m.yj, accumulation rate (g/cm2/l000 yr) and

carbonate accumulation rate data. The time intervals used to map

biogenic silica accumulation rates have been made somewhat longer

in order to include enough data for reliable contouring. Where
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justified, extrapolated data from either side of the interval for the

remaining sites were used as a guide in contouring. Although the

maps are based on widely spaced points, the excellent match between

the 0 1 m. y. map and similar maps from the central equatorial

Pacific based on many more points (Heath and others, in prep,)

suggests that the shape of the equatorial zone and the range of

accumulation rates defined by the data points are correct. Each time

interval is characterized by an axis of maximum biogenic silica

accumulation centered on or near the equator. For intervals prior

to 25 m.y. the axes seem to be consistently offset to the south. At

present, both the axis of maximum primary productivity and the

axis of maximum opal content of recent central equatorial Pacific

sediments are associated with meridional divergence located about

20 south of the geographic equator (Pak and Zaneveld, 1974; Heath

and others, in prep. ). It is unclear whether the southerly offset of

the maximum accumulation axes for the four oldest intervals reflects

this productivity pattern, or whether it results from an error in the

Pacific plate rotation parameters used for 25 - 50 m, y. Van Andel

and others (1975) also noted a southward offset of their oldest car-

bonate accumulation axes which they attributed to either imprecision

in the positioning of the axes or to slight errors in the rotation para-

meters.
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Biogenic Silica Accumulation Rates

The rate of accumulation of biogenic silica on the ocean floor is

virtually indpendent of depth or of hydrographic features. Thus, it is

a valuable tool for interpreting past rates of production of biological

detritus in surface waters. Figure 7 shows the accumulation rate of

biogenic silica at all sites during the last 50 m, y. The curves lack

detail because the average sample spacing is 4 m. y. Nevertheless,

three intervals of intensified opal accumulation can be recognized.

During the Middle Eocene from about 42 - 45 m. y. ago, five of the

seven sites show clear maxima. The remaining two, at 10 O to 1 5 OS,

were well outside the equatorial high productivity zone. Deposition

declined gradually from this time until about 25 m.y. ago. A second

maximum is centered at 15 to 1 6 m, y., when all except one of the

equatorial Pacific sites show an increase in opal accumulation rate,

Two sites have major peaks and none of the sites have a minimum at

this time. Finally, there is some suggestion of greater biogenic

silica accumulation during the Upper Miocene to Pliocene (about 5 -

7 m.y. ago), although this maximum is not well defined. A distinct

minimum occurred 25 - 27 m. y. ago when biogenic silica accumula-

tion rates were lowest for the entire Tertiary and every site had a

minimum or a declining accumulation rate. Except for sites near the

East Pacific Rise, beneath the zone of highest Holocene primary
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productivity, the interval from 0 - 1 m.y. is also characterized by

very low opal accumulation rates.

Maps of the changes in opal accumulation through time (Figure

6) define the geographic limits of accumulation and of high productivity

areas. The alternating periods of high and low productivity during the

Cenozoic are especially striking in these maps. During the Oligocene

biogenic silica accumulation rates in the equatorial Pacific decreased

from their highest Tertiary values (250 - 500 g/cm2/m. y. during the

Middle Eocene) to a mid-Tertiary low when accumulation rates

averaged 30 g/cm2/m. y. Opal deposition then increased to a second

maximum during the Middle Miocene. Although opal accumulation

rates during this maximum are clearly larger than those of the rest

of the Miocene, they are only about half those of the Middle Eocene.

Several sites having low Middle Miocene accumulation rates were well

outside the equatorial belt of high productivity (Figure 6). Since the

Middle Miocene the deposition of biogenous silica has changed little,

although there is some evidence for a small increase during the

Pliocene. Further work is needed to determine whether this increase

is real or due to a slight error in absolute age assignmentse

Since the Middle Eocene, the biogenic silica accumulation has

been highest along the equator (or just south of it). Since the Late

Miocene a pattern of very high opal accumulation at the eastern end

of the equatorial zone has been superimposed on the axial maximum.



It is difficult to set limits on the extent of the equatorial zone of bio-

genous deposition from the maps since the zero contour is poorly

defined. Before the Early Miocene, southern sites indicate that the

zero contour extended to at least 20°S in the east Van Andel and

others (1975) attribute a similar feature in carbonate accumulation

rate maps to a broad shoal which enabled more carbonate to escape

dissolution. However, since the dissolution of opal is not depth de-

pendent, the similar pattern of opal accumulation suggests that this

feature is related to surface productivity rather than bottom topo

graphy. There are no data for the Neogene to determine whether the

feature persisted into upper Tertiary time. Similarly, a lack of data

for the southwestern part of the central equatorial Pacific prior to 24 -

27 m. y. makes it impossible to determine whether the feature was a

southward extension of the eastern high productivity zone or whether

the entire zone was much wider during the early Tertiary and the

contours should be more parallel to lines of latitude.

Biogenic Silica Content of Carbonate-Free Sediments

Additional insight into opal deposition patterns can be found in

the percentage of biogenic silica in the carbonate-free sediment frac-

tion (Figure 7). The carbonate-free opal percent is not modified by

differential dissolution effects of depth, but it is sensitive to changes

in the amount of non-biogenic sediment being deposited. Temporal
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variations in the percent biogenic silica parallel those of the biogenic

silica accumulation rate, After the middle Eocene when opal made up

more than 50% of the carbonatefree sediment fraction, the percentage

decreased in all sites until 38 m. y. ago and in all but two sites until

27 m. y. ago. Upper Oligocene samples contain less than 25% biogenic

silica in the carbonate-free fraction (Figure 7) After this minimum

in opal content, which coincides exactly with that of the biogenic silica

accumulation rate.. the percent opal in equatorial Pacific sediments in-

creased to a maximum centered at 8 m. y.. Biogenic silica makes up

about 40 - 50% of the carbonate free fraction of those sediments.

Since then, the biogenic silica content first decreased to a low

about 3 m. y. ago and then increased to present levels Maps of

silica content (Figure 8) show the equator centered pattern seen in

the accumulation rates, but the pattern is modified by the influx of

non- biogenic sediment from the east which decreases the opal per-

centage. The dilution effect is seen most clearly in the Paleogene

when opal content decreased to the east and west from a maximum

centered along the equator, and is also apparent again in Quaternary

sediments.

Non- Biogenic Sediment Accumulation Rates

The final element in any budget of central equatorial Pacific

deposition is the non-biogenic sediment, This fraction is composed
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of terrigenous material brought to the area from the east, volcanic

ash and altered volcanic debris, and authigenic and hydrothermal

material. The rate of accumulation of this component through time

is dependent on a great many facts, but, with the exception of six

points, all sampled intervals had accumulation rates below 400 g/

cm2/m.y. and the rates did not vary systematically through time

(Figure 9 ). This argues against serious distortion of the time

scale and implies that long- term changes in opal content (Figure 7)

did not result from dilution by non-biogenic sediment. Five of the

accumulation rates above 400 g/cm2/m. y. reflect deposition close to

the East Pacific Rise, a source of non-biogenic sediment: a lobate

zone of accumulation extending west from the East Pacific Rise along

the equator, and a zone of enhanced accumulation along the East

Pacific Rise. The lobate forms of the isopleths of Figure 10 resemble

the patterns for the biogenic sediments (Figure 6), but are not well-

centered on the equator There are two possible explanations. The

normative silica correction may be too large and a portion of the

biogenic silica may be included in the non-biogenic component If this

were true, however, the non-biogenic accumulation rates should dis-

play a periodicity like that of the biogenic silica accumulation rates.

Furthermore, since the SiO2:AlO3 ratio used is largest in the early

Terti ary samples, these should have the largest amount of excess

non-biogenic sediment,. This is clearly not the case; the lobate
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distribution pattern is least well developed during the early Tertiary.

Although the accumulation rate along the East Pacific Rise crest

varies a great deal through the Tertiary, the area enclosed by the

lower value isopleths (the 10 g/cm2/l000 x 100 isopleth, for example)

stays about the same until the Quaternary,

Secondly, the dispersal of nonbiogenic sediment may be in

fluenced by some factor or factors which also affect the distribution

of plankton, for example, transport by the north and south equatorial

currents. The South Equatorial Current, in which the upwelling

responsible for high biological productivity occurs, may carry vol-

canic ash and terrigenous material westward. The northeast and

southeast trade winds may complement the currents by depositing

eolian dust in a belt along the equator.,

DISCUSSION

Effects of Errors in the Time Scale

Van Andel and others (1975) found several maxima and minima

in the rate of carbonate accumulation in the central equatorial Pacific

These authors considered the possibility that these maxima were due

to internal distortion in the Berggren (1972) time scale, especially

during the Miocene. They treated the problem in two ways: first by

generating a time scale based on a constant sedimentation rate at
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each site (with the exception of equator crossings), and second, by

constructing an alternative time scale for the Miocene based on radio-.

metric ages from marine sections, They concluded that the constant

sedimentation rate model as applied to five drill sites does not provide

a reasonable time scale, The alternative Miocene time scale reduced

a 14 - 15 m, y. sedimentation rate maximum and moved it to 14 16

m. y., but did not eliminate it, A new maximum was introduced at

10 11 m.y. Van Andel and others (1975) concluded that the rate

maxima did not result from time scale errors and adopted the alter-

nate time sca1e, Of the maxima in carbonate accumulation only those

at 6 - 7, 14 - 15 and 42 - 46 m.y, are also evident in the biogenic

silica accumulation rate. This is itself strong evidence against major

distortion of the time scale If the carbonate maxima were caused by

errors in the time scale, apparent opal maxima would also occur and

would match the carbonate maxima in relative magnitude and ages.

Opal accumulation rates which were recalculated using the

alternate Miocene time scale are compared with the earlier values

based on Berggren's (1972) time scale in Figure7 On the basis of

the recalculated rates, only two sites have clear maxima at 14 16

m.y. and one of these represents an equator crossing, The accumula-

tion rate increases in all sites from the 25 my minimum to a maxi-

mum at 6 - 7 m0y A comparison of accumulation rate maps for the

Miocene time intervals using the Berggren (1972) time scale and the



alternate time scale (Figure 11) confirms the change in biogenic silica

accumulation0 The new maps suggest that the Late Miocene was the

time of most active silica sedimentation in the late Cenozoic.

The accumulation patterns for both time scales are plausible;

neither has unreasonable maxima or minima. Thus, a choice between

the two must be based on other information. Berggren and van

Couvering (1974) proposed a scale similar to that of van Andel and

others (1975) based on biostratigraphy and radiometric dating There

are also indications from within the data set that the alternate time

scale proposed in van Andel and others (1975) is more reasonable

than the Berggren (1972) time scale for the Middle Miocene, For

example, with the exception of the Middle to Late Miocene, changes

in the carbonate-free opal percent mirror changes in accumulation

rates (calculated from the Berggren, 1972,, scale)0 But there is no

maximum in opal content to match the 14 - 16 m. y opal accumulation

rate maximum. The percent biogenic silica gradually increases from

about 27 m.y. until about 7 - 10 m.y. ago. The alternate time scale

changes the positions of the curves of percent biogenic silica vs. time

(Figure 7) but does not change the silica percents themselves since

they are experimentally determined values independent of the time

scale. The maximum in opal content at about 7 m.y. ago become

more pronounced using the alternate time scale, Thus, the accumula-

tion rate and opal content data match more closely when the alternate
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time scale is used. The alternate scale will be used in all further

discussion.

Surface Productivity

Because ocean waters are so highly under saturated with respect

to amorphous silica, most opal secreted as skeletal material dissolves

in the water column during settling and in the bioturbated sediment

layer. Hurd (1973) found that only 0.05 to 0.15% of the opal produced

at the surface was preserved in his samples from the equatorial

Pacific. However, his estimate was based on the amorphous silica

productivity for equatorial regions given by Lisitzin (1972) which was

calculated assuming that all opal productivity is a function of the pri-

mary productivity of organic carbon by diatoms. In the equatorial

Pacific, radiolarians which are zooplankton of the second trophic

level (grazers), make up a significant portion of the siliceous plank-

ton. This increased the calculated production of opal which implies

that Hurd's estimate of the amount of opal preserved is too low.

Calvert (1968) suggested that about 2% of the opal produced through

time has been incorporated into sedimentary rocks. This value is

consistent with those proposed for marine sediments by Lisitzin

(1971) and Heath (1974) and seems to be a reasonable estimate of

the amount of opal finally incorporated into the geologic record, This

figure has been used to estimate the siliceous surface productivity of



the central equatorial Pacific during the last 50 m.y. (Figure 12).

Two opal supply curves are shown. The first, "regional supply," is

the supply of biogenic silica to the area averaged over all sites in

each time interval. The second, "equatorial supply," is a curve for

sites within 3 of the equator or pale oequator. The values are rough

estimates and the supply is assumed to be a linear function of accumu-

lation rate (supply x 0. 02 = accumulation). The large supply indicated

for 4 - 7 m. y. is strongly influenced by one value from the eastern

end of the high productivity zone. This site was on the East Pacific

Rise at the time the accumulation rates for all components are

almost an order of magnitude higher than those for the rest of the

equatorial Pacific, the high biogenic silica accumulation rates may

represent addition of hydrothermal silica or downslope transport of

material to a sediment pond on the East Pacific Rise. The dashed

curve represents the regional supply rate recalculated without the

anomalous point. In addition, Figure 12 shows an estimate of the

carbonate supply rate, This estimate is van Andel and others' (1975)

"extrapolated surface supply in the equatorial area" (3°N to 3°S)

which assumes a constant dissolution rate to the surface. In fact, of

course, some of the variation in "extrapolated supply" is undoubtedly

due to changes in the depth of the lysocline.

If one assumes that calcareous and siliceous productivity gen-

erally co-vary, the biogenic silica supply can be used to interpret the
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carbonate supply curve. This may not be a good assumption for

intervals prior to the Late Eocene, when there are indication that the

carbonate supply was very low (van Andel and others, 1975; van

Andel, 1975) at a time of high siliceous productivity. Since that time,

however, the equatorial current system seems to have been stable and

to have supplied nutrients to support a plankton population whose dis-

tribution is much like that of the present.

Comparison of Carbonate and Biogenic Silica
Accumulation and Supply

Van Andel and others (1975) found carbonate accumulation rate

maxima at 2, 6 - 7, 10 - 11, 21 - 22, and 28 - 30 m.y. ago. Two

maxima in siliceous productivity are indicated by this study: one at

42 46 m.y. ago and one at about 10 - 12 m.y. The middle Eocene

maximum is missing in the carbonate accumulation rate curves. At

that time the CCD for the entire Pacific (CCD ) and for the equator-
pa c

ial zone (CCDeq 3°N to 3°S) were far above their present levels (see

Figure 13 after van Andel and others, 1975), so that calcite was

deposited only at sites on the East Pacific Rise. At the end of the

Eocene the CCD dropped precipitously and carbonate accumulation

increased gradually to the maximum between 28 and 30 m.y. ago.

Van Andel and others (1975) suggests that in addition to enhanced pre-

servation of calcareous skeletal material following the deepening of
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the CCD, the supply of carbonate increased during this time. They

also suggest that an increase in the non-carbonate accumulation rate

at the same time reflects increased biogenic silica supply. When the

non-biogenic component is subtracted from the non-carbonate frac-

tion, however, this increase in biogenic silica is not apparent. The

accumulation rate over the entire area was actually less than the

early Oligocene rate. Both the "equatorial zone" and "regional"

supply of opal were declining during this interval (Figure 12). Thus,

the increased "extrapolated supply" of carbonate reported by van

Andel and others (1975) probably represents a deepening of the lyso-

dine rather than an increase in supply.

Both carbonate and biogenic silica curves have accumulation

rate minima at 25 m. y., suggesting that the middle of the Late Oligo-

cene was a period of very low plankton productivity in the equatorial

Pacific. The appreciable carbonate accumulation at that time must

have been due only to reduced dissolution of calcite.

The early Miocene maximum (21 - 22 m. y.) in carbonate

accumulation was not as large as the 38 - 40 m. y. peak. There is no

corresponding peak in opal accumulation rates which were still ex-

tremely low compared to other Tertiary times although about twice

the 25 m. y. minimum values. The smaller size of the carbonate high

may show the effect of the generally low productivity when coupled

with enhanced dissolution and/or a shoaling lysocline.
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The next major peak in carbonate accumulation is at 10 - 11

m. y. (alternate time scale). Two composite silica samples in the

interval from 10 - 12 m.y. show opal maxima, but they do not, by them

themselves, define a peak in the opal accumulation. If carbonate

accumulation rates are plotted for only those time intervals in which

biogenic silica accumulation rates are available, the 1 0 - 11 m. y.

peak is not evident. Only a peak at 7 m. y. is apparent. A Late

Miocene silica productivity maximum at 7 m. y. corresponds to a

small peak in carbonate accumulation. Since the CCD and CCDeq pac

were shallower than at any other time during the Neogene at 7 8

m. y. and were above the paleodepth of several sites at that time, a

significant increase in carbonate supply may be masked by enhanced

diss olution. Holocene and Quaternary carbonate accumulation rates

have remained low even though the CCD and CCD have returned
eq pac

to deep levels. The surface productivity is indicated by opal accumu-

lation rates has decreased since the Late Miocene. The present

situation seems analogous to the 25 - 27 m. y. period when the CCD

was deep but little carbonate accumulated because of low surface

productivity.

Pale oceanography

Opal accumulation in the equatorial Pacific is directly related

to the productivity of surface waters (Pisias, 1974). The high
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plankton productivity is, in turn, dependent on high nutrient concen-

trations in waters upwelled from below the thermocline (Ryther, 1963).

Therefore, changes in opal accumulation in the central equatorial

Pacific through time can be used to place constraints on the strength

of upwelling at the equator in the past.

Upwelling along the central and eastern Pacific equator is re-

lated to two features of the circulation:

1) Most upwelling is due to meridional divergence of waters in the

South Equatorial Current under the influence of the southeast trade

winds. Since the deflecting Coriolis force disappears at the equator,

the Eckman transport changes from southwest to northeast across

the equator causing deeper waters to rise to the surface (Cromwell,

1953; Pak and Zaneveld, 1974).

2) Since the discovery of the Equatorial Undercurrent or Cromwell

Current, it has been postulated that this current brings regenerated

nutrients in the upper part of the thermocline to the surface by

vertical mixing and by forcing waters above it to diverge (Knauss,

1966; Jones, 1973). Surfacing of the Undercurrent has been observed

to cause upwelling southwest of the Galapagos (Pak and Zaneveld,

1974).

It can, therefore, be inferred that changes in the intensity of

equatorial upwelling with time are due to changes in the strength or

position of the South Equatorial Current or to changes in the strength,
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position or amount of vertical mixing in the Equatorial Undercurrent,

There are two ways in which these changes may have taken place:

1) Climatically controlled changes in the position of the southeast

trade winds may have led to variation in the strength of the South

Equatorial Current and Equatorial Undercurrent. This would cause

variation in the total amount of upwelling and/or in the proportion of

upwelling due to meridional divergence compared with that due to

surfacing of the Equatorial Undercurrent.

2) Tectonic changes in the boundaries of the Pacific Ocean may have

caused reorganization of equatorial circulation and have changed the

strength and position of equatorial upwelling.

Wyrtki (l974b) has related fluctuations in the position and

strength of the equatorial currents to the trade winds and has shown

that the equatorial currents are influenced more by the position of the

trade winds than by their strength. Fluctuations in the Equatorial

Undercurrent fluctuations are synchronous with those in the South

Equatorial Current while those of the Equatorial Coiintercurrent are

synchronous with the North Equatorial Current (Wyrtki, 1974a). The

two sets of currents are out of phase. During the Northern Hemi-

sphere summer the southeast trade winds extend furthest to the North.

The South Equatorial Current and the Equatorial Undercurrent are

weakest at this time (Wyrtki, l974b).

Climatically controlled variation in circulation have certainly
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influenced productivity of the equatorial Pacific during the Quaternary

(Luz, 1973; Dinkelman, 1974; Pisias, 1974; Molina-Cruz, 1975), In a

study of Quaternary sediments from the southeastern subtropical

Pacific Molina-Cruz (1975) found that the strength of the South Equa-

tonal Current was related to the position of the southeast trade winds

during the late Quaternary as indicated by the concentration of detrital

quartz carried to the ocean by these winds. The strength of the South

Equatorial Current also determined the amount of upweiling associated

with the Equatorial Undercurrent: when the South Equatorial Current

was weak the Undercurrent was able to surface causing upwelling and

intensified productivity of its associated fauna. Molina-Cruz (1975)

also found that the faunal component associated with the Equatorial

Undercurrent was highly correlated with opal production and that opal

accumulation rates were highest where the Equatorial Undercurrent

broke the surface, both at present and in the past. Opal accumulation

rates in the Panama Basin determined by Dinkelman (1974) were also

highly correlated to a faunal assemblage associated with the Equatorial

Undercurrent.

The high productivity associated with equatorial upwelling is

reflected in maps of biogenic silica accumulation for the last 50 m. y.

(Figures 6 and 11). Holocene primary productivity is also highest at

the eastern end of the central equatorial Pacific where there is intensi-

fied upwelling associated with the Equatorial Undercurrent west of the



Galapagos. Without additional evidence it is difficult to determine

whether similar upwelling took place in the Cenozoic, but map inter-

vals since the middle Miocene (Figure 6) do show enhanced opal

accumulation rates to the east.

Quaternary climate changes have taken place over a few thousand

years so that it is difficult to draw analogies between them and the

long term trends in global climate of the last 50 m, y. Nevertheless,

one important characteristic should be common to any global change

in climate: cooler climates appear to be accompanied by greater

equator-to-pole temperature gradients, which cause the major wind

belts to shift toward the equator and to become stronger (Lamb and

Woodroffe, 1970; Newell, 1974). A northward shift and intensifica-

tion of the southeast trade winds would cause enhanced upwelling in

the South Equatorial Current. An extreme southward shift would

cause the South Equatorial Current to weaken but might allow the

Equatorial Under current to surface.

Cenozoic paleotemperatures for surface and bottom waters

based on oxygen isotope determinations in the central north Pacific

(Douglas and Savin, 1973) and in the high latitudes of the south Pacific

(Shackleton and Kennett, 1975) indicate that the overall climate trend

for the entire Cenozoic has been on of global cooling. The tempera-

ture of the Pacific has gradually declined through the Cenozoic with a

major phase of cooling at the boundary between the Eocene and the
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Oligocene and some warming during the early to middle Miocene. If

a major drop in surface water temperature like the one at the Eocene-

Oligocene boundary (about 5 ' of cooling, Shackleton and Kennett,

1975) affected equatorial circulation in the same manner as cooling

associated with Quaternary glacial ages, it should have caused an

overall intensification of the southeast trade winds, strengthening of

the South Equatorial Current, and an increase in upwelling related

productivity. There is, however, no increase in opal accumulation

during the early Oligocene (Figure 6) and no increase in extrapolated

surface supply of opal (Figure 12). In fact, the late Eocene and early

Oligocene are times of decreasing opal supply and accumulation in the

equatorial Pacific. Not until the early Miocene (20 - 23 m. y. ago)

did opal supply rates begin to increase again and they did not reach

the late Eocene values until the middle to late Miocene. Thus, global

cooling does not lead inevitably to increased equatorial productivity.

The middle Miocene to early late Miocene (10 13 m.y. ago)

was also a time of major development of the ice cap on East Antarctica

and of the first recorded ice rafting in northern Antarctic waters

(Kennett and others, 1975), Thus, the increasing opal supply may be

related to circulation changes accompanying ice cap development

rather than to those associated with non-glacial global cooling.

Newell (1974) has suggested that ice ages are caused by changes in the

poleward energy flux in the atmosphere and ocean. Geological



evidence for reduced oceanic energy transport during glacial ages

(McIntyre and others, 1972), increased temperature of upwelling

water before ice caps begin to melt (Imbrie and others, 1973) and a

lag time between changes in bottom water temperature and changes in

surface circulation (Pisias and others, 1975) supports NewelUs

model. Polar ice cover and low latitude upwelling are important con-

straints on temperature fluctuations and atmospheric circulation in

this model suggesting that they may be closely related.

From the preceding discussion, it is apparent that only the

increase in opal supply during the middle Miocene to late Miocene

can be explained in terms of climatic controls on the circulation of

the equatorial Pacific. The decline in opal supply from the middle

Eocene to early Miocene, on the other hand, cannot be related to the

global cooling that took place during that time. In addition, the

decrease in opal supply in the Equatorial Pacific since the Pliocene,

while glaciation has been extended to the Northern Hemisphere and

sea surface temperatures have decreased slightly (Shackleton and

Kennett, 1975) indicates that even the Pliocene change should not be

attributed to global climatic fluctuations.

The circulation pattern in the equatorial Pacific is influenced

not only by the wind patterns, but by the shape of the Pacific Ocean

basin. The South Equatorial Current is fed by eastern boundary cur-

rents moving north along the coast of South America and by the
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Equatorial Undercurrent which is deflected to the south in the eastern

Pacific (Figure 14), The western Pacific is blocked by land masses

so that the trade winds pile up water and create a pressure gradient

which drives subsurface water back to the east as the Equatorial

Undercurrent (Veronis, 1960).

During the last 50 m. y. three major tectonic events have

changed the geography and the circulation patterns of the equatorial

Pacific:

1) The northward migration of Australia has closed a passage from

the western Pacific to the Indian Ocean and to the low latitude inter-

ocean seaway, Tethys.

) The separation of Australia from Antarctica has allowed the

development of the. high latitude Antarctic Circumpolar Current.

3) The elevation of Central America and closing of the Isthmus of

Panama has interrupted low latitude circulation between the Pacific

and Atlantic Oceans,

The closing of the western Pacific was probably the first of

these events to occur. Separation of Australia from Antarctica

started about 55 m. y. ago (Weissel and Hayes, 197Z). A deep equa-

tonal passage existed north of Australia and south of Asia until the

middle Eocene (Kennett and others, 197Z), but as the Australian land-

mass moved north the exchange of Indianï and Pacific waters was

gradually restricted. India was also moving north at this time
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(McKenzie and Sclater, 1971) further inhibiting Pacific to Indian flow.

This passage was closed in the late Eocene to early Oligocene

(Moberly, 1972) by tectonism in southeast Asia (Katili, 1971), in the

Philippines (Gervasio, 1964) and in northern Australia (Veevers,

1969). Before this closure a 'TethysTM current is presumed to have

circulated from east to west through the passage between North

America and South America, across the north Pacific and into the

Indian Ocean. There is also evidence of a strong current from the

Indian Ocean to the Pacific north of Australia at this time (Kennett

and others, 1972).

The Eocene and Oligocene were times of declining siliceous

productivity in the equatorial Pacific. The Equatorial Undercurrent

could not have developed before the early Oligocene when the western

Pacific was blocked ofL. This implies that unless there was another

mechanism for bringing nutrient-rich waters to the surface, the

decline in fertility of equatorial Pacific waters was due to a decrease

in the upwelling associated with meridional divergence. Luyendyk

and others (1972) have postulated that closure of the western Pacific

led to sluggish circulation in the equatorial Pacific because the

Tethys current could no longer flow around the globe and because the

strong Indian to Pacific current north of Australia was cut off. The

gradually declining opal productivity during the Eocene and Oligocene

is consistent with such a model.



The development of the Antarctic Circumpolar Current after the

separation of Australia from Antarctica was the second major event

in the development of modern Pacific circulation. It was not until the

middle to late Oligocene that the separation was complete and that the

Antarctic Circumpolar Current was free to circulate through the

passage between the two continents (lKennett and others, 1975). The

effect of this even on the equatorial Pacific productivity was indirect.

The development of the circumpolar current increased the residence

time of waters in high latitudes and probably contributed to the global

cooling that has taken place through the Neogene even though there

was no abrupt change in surface temperatures associated with the

initiation of the current,

The initiation of the Antarctic Circumpolar Current has had a

major effect on the vertical structure of the Pacific Ocean, however,

through its influence on the production of bottom waters near the

Antarctic continent (Kennett and others, 1975). These bottom waters

have largely controlled the record of carbonate accumulation in the

central equatorial Pacific through solution effects (van Andel and

others, 1975), but have not directly influenced rates of opal supply

or accumulation. Minor upwelling associated with mixing in the

Antarctic convergence zone is first evident in early Miocene sedi-.

ments deposited about 2Z m.y. ago (Kennett and others, 1975). The

intensity of upwelling remained low until the late Miocene to early
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Pliocene (4. 2 - 5 m. y. ago) when there was a major increase in up-

welling and biological productivity (Keany and Kennett, 1975). This

is contemporaneous with the decline in opal productivity in the equa-

tonal Pacific that has continued to the Holocene. If the decline in

opal productivity in the equatorial Pacific that has continued to the

Holocene. If the decline in opal productivity in the equatorial Pacific

during the last 4 - 5 m.y. is due to increased productivity of the

Antarctic convergence zone it is analogous to changes in equatorial

Pacific carbonate accumulation which have also been attributed to

changes in rates of deposition in other parts of the ocean (van Andel,

1975; van Andel and others, 1975; Luz and Shackleton, 1975).

The final important tectonic event for Pacific circulation was

the closing of the seaway across the Isthmus of Panama during the

middle or late Pliocene (Kaneps, 1970; MaLfait and Dinkelman, 1972).

There is little available information about the effect of this closure

on Pacific circulation. Since the seaway was north of the equator,

flow from the Atlantic to Pacific (Luyendyk and others, 1972) proba-

bly influenced the North Equatorial Current rather than the South

Equatorial Current with which present upwelling is associated.

In summary, the history of biogenic silica productivity and

accumulation during the last 50 m. y. in the equatorial Pacific may be

separated into three phases:



Phase I: Middle Eocene - late Oligocene (50 - 25 m. y.)

During this time the influence of the low latitude circum-global

Tethys seaway on the equatorial Pacific was waning, apparently pro-

ducing a decrease in the intensity of equatorial circulation, reduced

meridional divergence and lowered fertility of equatorial Pacific

waters. The supply and accumulation of opaline sediments decreased

gradually throughout this interval to reach its lowest Tertiary level

about 25 m.y. ago. Global ocean temperatures declined, possible as

a result of the transition from the long term residence of ocean waters

in low latitudes (Tethys) to the long term residence in high latitudes

(Antarctic Circumpolar current) but did not directly affect equatorial

Pacific productivity.

Phase II: Late Oligocene - late Miocene (25 - 5 m. y.)

After the late Oligocene the fertility of equatorial Pacific waters

increased The onset of glaciation in Antarctica in the early Miocene

was accompanied by intensified circulation in the equatorial Pacific.

The blocking of the western Pacific allowed the development of an

equatorial undercurrent. IJpwelling related to this current probably

supplemented meridional divergence beginning the Late Miocene and

further increased the fertility of equatorial Pacific waters. Opal

supply continued at high levels through the Miocene.
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Phase III: Pliocene - present (5 - 0 m.y.)

After the full development of upwelling at the Antarctic conver-

gence zone, opal supply in the equatorial Pacific declined. This may

be due to the concentration of oceanic biogenic silica productivity at

the Antarctic convergence at the expense of equatorial regions.
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APPENDIX I. Locations and Depths of Deep Sea Drilling Project
Sites

Site Leg Latitude Longitude Depth

42 5 13°50.6'N 140°ll.3tW 4844

69 8 6°OO.O'N 152°51.9'W 4978

70 8 6°20.J)N 140°21.71W 5059

71 8 4°28. 3'N 140018. 9'W 4419

72 8 0°26.5'N 138°52.O'W 4326

73 8 l°54.6'S 137°28.PW 4387

74 8 6°14.Z'S 136°05.8'W 4431

75 8 12°31.O'S 134°16.O'W 4181

77 9 O°28.9tN 133°13.7'W 4291

78 9 7°57.O'N 127°21.3'W 4363

79 9 2°33. O'N 121 034 O'W 4566

80 9 0°57.7'N 12l°33.2'W 4399

81 9 1°26.5'N 113°48.5'W 3854

82 9 2°35.5tN 106°56.5tW 3689

83 9 4°0Z.8tN 95°44.3'W 3632

159 16 12°19.9TN 122°173'W 4484

160 16 11°42.3'N 130°52.8'W 4940

161 16 10°14.3'N 139°57.Z'W 4939

162 16 14°52.2TN 140°0Z.6'W 4854

163 16 11°14.7'N 150°17.5'W 5230



APPENDIX II. Composite Samples and Their Included DSDP Samples

DSDP Samples

Carbonate Atomic Abs. Depth Interval Core Section Depth in
Site Age Interval Access. # Access. # at Site Section

42 (24-25 m.y.) JD06818

42 (30-31 m.y.) JD06819

42 (37-38m.y..) JD06820

42 (44-45 m. y.) JD06821

42 (46-47 m. y.) JD06822

69 (9-12 m. y.) JD08124

EP0958 35 - 195 1 1 35-36
1 1 115-116
1 2 44-45

EP0959 1569 - 1650 2 5 69-70
2 5 100-150

EP0960 3175 - 3324 4 4 25-26
4 5 23-24

EP0961 6621 - 7247 8 3 21-22
8 5 24-25
9 1 46-47

EP0962 9617 - 10576 11 5 17-18
1A 1 28-29
1A 3 15-16
1A 5 75-76

EP0963 29 - 838 1 1 29-30
1 3 47-48
1 6 87-88



APPENDIX II. Continued.

DSDP Samples

Carbonate Atomic Abs. Depth Interval Core Section Depth in

Site Age Interval Access. # Access. # at Site Section

69 (15-16m.y.) JD08125 EP0964 2870- 2941 3 4 120-121
3 4 30-31
3 5 40-41

69 (24-25 m.y.) JD08126 EP0986 6150 - 6748 1A 1 50-51
1A 3 60-61
1A 5 47-48

69 (28-29 m.y.) JD08128 EP0987 9530 - 10161 4A 5 30-31
5A 1 75-76
5A 3 60-61

69 (38-39 m.y.) JD07140 EP0988 14750 - 15056 9A 3 50-51
9A 4 90-91
9A 5 55-56

69 (43-44 m.y.) JD07139 EP1472 18770 - 19316 6 1 70-71
6 3 60-61
6 5 15-16

69 (45-46 m.y.) JD08127 EP0990 21586 - 22207 hA 2 36-37
hA 4 40-41
hA 6 56-57



APPENDIX II. Continued.

Site Age Interval
Carbonate
Access. #

Atomic Abs.
Access. #

Depth Interval
at Site

Core

DSDP Samples

Section Depth in
Section

70 (0-2 m.y. ) JD06830 EP0991 65 - 176 1 1 65-66
1 1 125-126
1 2 25-26

70 (9-lOm.y.) JD06831 EP0992 1555 - 1766 2 1 55-56
2 2 65-66
2 2 115-116

70 (14-15 m.y. ) JD08129 EP0993 3260 - 3432 4 4 60-61
4 5 81-82

70 (16-17 i-n.y.) JD06832 EP0994 4005 - 4306 5 4 55-56
5 5 55-56
5 6 55-56

70 (20-21 rn. y.) JD06833 EP0995 6577 - 8156 8 3 77-78
8 5 71-72
9 1 50-51
9 3 50-51
9 5 60-61

10 1 55-56

70 (28-29 m.y..) JD06834 EP0996 18220 - 19881 8A 4 70-71
cont. 8A 6 85-86



APPENDIX II. Continued.

DSDP Samples

Carbonate Atomic Abs. Depth Interval Core Section Depth in
Site Age Interval Access. # Access. # at Site Section

70 (28-29 m.y.) JD06834 EP0996 18220 - 19881 9A 2 73-74
9A 4 50-51

1OA 2 84-85
1OA 4 80-81

70 (32-33 m.y.) JD08130 EP0997 29655 - 29801 23A 1 55-56
23A 2 50-51

70 (36-37.5 m.y) JD06836 EP0998 32325 - 32521 27A 2 25-26
27A 2 1l0-1l1
27A 3 70-71

71 (0-1 m.y.) JD07153 EP0999 71 276 1 1 71-72
1 2 55-56
1 2 115-116

71 (6-7 m.y.) JD07154 EP1000 2445 - 2769 3 5 45-46
3 6 80-81
4 1 68-69

71 (8-9 m.y.) JD07155 EP1001 4240 - 4690 5 6 9091
6 1 65-66
6 3 90-91



APPENDIX II. Continued.

DSDP Samples

Carbonate Atomic Abs. Depth Interval Core Section Depth in
Site Age Interval Access. # Access. # at Site Section

71 (13-14m.y.) JD07156 EP100Z 8555-14056 10 5 55-56
10 6 55-56
11 2 50-51
11 4 50-51
11 6 50-51
12 2 50-51
12 4 100-101
12 6 50-51
13 1 50-51
13 3 60-61
13 5 55-56
14 1 55-56
14 3 55-56
14 5 50-51
15 2 55-56
15 4 55-56
15 5 60-61
16 1 56-57

71 (20-21 m.y.) JD08131 EP1O21 27910- 29810 31 6 60-61
32 2 50-51
32 4 50-51
32 6 50-51

cont. 33 2 50-51



APPENDIX II. Continued.

DSDP Samples

Carbonate Atomic Abs. Depth Interval Core Section Depth in
Site Age Interval Access. # Access. # at Site Section

71 (20-21 m.y.) JD08131 EP1OZ1 27910- 29810 33 4 50-51
33 6 60-61

71 (26-27 m.y.) JD08132 EP1OZZ 41020- 42045 46 2 70-71
46 4 41-42
47 2 94-95

71 (31-33 m0y..) JD08133 EP1023 52855- 52896 1A 1 55-56
1A 1 95-96

71 (39-40m.y.) JD09841 EP1471 55591-55720 3A 1 91-92
3A 2 69-70

72 (0-1 m.y.) JD06823 EP1024 260- 820 1 2 110-111
1 4 60-61
1 6 70-71

72 (3-4m.y.) JD06824 EP1OZ5 3550-4741 3A 6 100-101
4A 2 65-66
4A 4 71-72
4A 6 66-67
5A 2 90-91



APPENDIX II. Continued.

Site Age Interval
Carbonate
Access. #

Atomic Abs.
Access. #

Depth Interval
at Site

DSDP Samples

Core Section Depth in
Section

72 (9-lOm.y.) JD06825 EP1OZ6 11110- 11421 3 4 60-61
3 5 30-31
3 6 70-71

72 (14-15 m.y.) JD06826 EP1027 21320- 21921 5 2 70-71
5 4 90-91
5 6 70-71

72 (27-28m.y.) JD06654 EP1028 31448- 32041 7 2 98-99
7 4 117-118
7 6 90-91

72 (36-37 m.y. ) JD06827 EP1 029 33500 - 33721 9 4 50-51
9 6 40-41
9 5 120-121

72 (37-38 m.y.) JD06828 EP1O3O 33909 - 34159 10 3 9-10
10 3 110-111
10 4 109-110

72 (39-40 m.y.) JD06829 EP1O31 34395 - 34471 11 1 24-25
11 1 120-121



APPENDIX II. Continued.

DSDP Samples

Carbonate Atomic Abs. Depth Interval Core Section Depth in
Site Age Interval Access. # Access. # at Site Section

73 (0-1 m.y.) JD07148 EP1032 240 -856 1 2 90-91
2 1 125-126
2 3 105-106

73 (4-5 m.y.) JD07149 EP1 033 5103 - 5251 7 2 53-54
7 3 42-43
7 6 100-101

73 (8-9 m.y.) JD07150 EP1034 6795- 6971 9 1 95-96
9 2 61-62
9 2 120-121

73 (14-15 m.y.) JD07151 EP1 035 8436 8976 10 6 86-87
11 2 45-46
11 4 25-26

73 (20-22 m.y.) JD06659 EP1036 20800 - 21391 13 2 50-51
13 4 60-61
13 6 40-41

73 (32-33 m.y.) JD07152 EP1037 26320-27071 16 2 70-71
16 4 70-71
16 6 80-81
17 1 70-71



APPENDIX II. Continued.

Site Age Interval
Carbonate
Access, #

Atomic Abs.
Access. #

Depth Interval
at Site

DSDP Samples

Core Section Depth in
Section

73 (39-40 m.y.) JD08134 EP1 038 29310 - 29311 19 4 60-61

73 (43-44m.y.) JD08135 EP1039 30000-30191 21 2 10-11
21 3 70-71
21 3 140-141

74 (0-1 m.y.) JD06655 EP1O4O 70-191 1 1 70-71
1 1 115-116
1 2 40-41

74 (7-8 m.y.) JD06814 EP1 041 1440 - 1721 2 1 90-91
2 2 70-71
2 3 70-71

74 (17-18m.y.) JD06815 EP1042 2470-2616 3 4 70-71
3 4 120-121
3 5 65-66

74 (25-26 m.y..) JD06816 EP1043 5120 - 5720 6 4 70-71
6 6 90-91
7 2 70-71



APPENDIX II. Continued.

Carbonate Atomic Abs. Depth Interval
Site Age Interval Access, # Access. # at Site

74 (29-30 m.y.) JD06817 EP1 044 7395 - 7671

74 (44-45 m.y. ) JD07138 EP1045 10023 - 10200

75 (0-1 m.y.) JD06381 EP1046 40-81

75 (16-18 m.y. ) JD06661 EP1047 280 - 411

75 (21-22 m.y.) JD06382 EP1 048 1420 - 2170

75 (24-25 m.y.) JD06383 EP1049 3500- 3791

DSDP Samples

Core Section Depth in
Section

9 1 95-96
9 2 30-31
9 3 70-71

12 1 23-24
12 1 60-61
12 2 60-61
12 3 35-36

1 1 130-131
1 2 20-21

1 3 70-71
1 3 125-126
1 4 50-51

2 4 70-71
2 6 70-71
3 1 100-101
3 3 70-71

4 6 50-51
5 1 70-71
5 2 40-41



APPENDIX II. Continued.

Site Age Interval
Carbonate
Access. #

Atomic Abs.
Access. #

Depth Interval
at Site

DSDP Samples

Core Section Depth in
Section

75 (29-30 may.,) JD06384 EP1 050 6020 6791 7 4 70-71
8 1 30-31
8 3 90-91

75 (31-32 m..y.) JD06385 EP1 051 7802 - 8181 9 4 52-53
9 5 40-41
9 5 140-141
9 6 40-41
9 6 70-71
9 6 130-131

77 (0-1 m.y..) JD06652 EP1052 50-1120 1 1 50-51
1A 2 132-133
1A 4 50-51
1A 6 138-139
lB 2 60-61

75 (3-4 m.y. ) JD06657 EP1053 4656 - 5903 5B 1 96-97
5B 3 63-64
5B 5 75-76
6B 1 70-71
6B 3 122-123



APPENDIX II. Continued.

DSDP Samples

Carbonate Atomic Abs. Depth Interval Core Section Depth in
Site Age Interval Access. # Access. # at Site Section

77 (7-8m.y.) JD06651 EP1054 13642-15093 14B 6 92-93
1 5B 2 70-71
15B 4 80.-81
15B 6 65-66
16B 2 90-91
16B 4 22-23

77 (15-16 m.y.) JD06662 EP1055 23990 - 25211 26B 4 80-81
26B 6 70-71
27B 2 75-76
27B 4 75-76
27B 6 80-81

77 (22-23 m.y.) JD06658 EP1056 30098- 31287 33B 2 88-89
33B 4 45-46
33B 6 53-54
34B 2 72-73
34B 4 56-57

77 (26-27 m.y.) JD06656 EP1057 35580 - 36776 39B 2 70-71
39B 4 75-76
39B 6 60-61
40B 2 65-66



APPENDIX II. Continued.

Carbonate Atomic Abs. Depth Interval
Site Age Interval Access. # Access. # at Site

77 (30-31 m.y.) JD06660 EP1058 43699-44219

77 (37-38m.y,) JD06653 EP1059 47190-47339

78 (12-13 m.y.) JD08136 EP1O6O 50- 573

78 (15-16 m.y.) JD08137 EP1O61 2160 - 2611

78 (18-19 m.y. ) JD08138 EP1062 4451 - 5131

78 (25-26m.y.) JD08139 EP1063 17581 -18764

cont.

DSDP Samples

Core Section Depth in
Section

48B 1 119-120
48B 3 18-20
48B 5 38-39

52B 1 11Q-111
52B 2 28-29
52B 2 108-109

1 1 50-51
1 2 90-91
1 4 122-123

3 3 40-41
3 4 7-8
3 5 34-35
3 6 40-41

5 6 41-42
6 2 30-31
6 4 110-111

20 2 61-62
20 4 27-28
20 6 80-81



APPENDIX II. Continued,

Site Age Interval
Carbonate
Access, #

Atomic Abs.
Access. #

Depth Interval
at Site

DSDP Samples

Core Section Depth in
Section

78 (25-26m.y.) JD08139 EP1063 17581 -18764 21 2 123-124
21 4 23-24

78 (31-32 m.y.) JD08140 EP1064 27312 - 28832 30 6 53-54
31 2 47-48
31 4 30-31
31 6 23-24
32. 2 83-84
32 4 31-32

78 (34-35 m.y.) JD08141 EP1065 31660- 31966 35 4 120-121
35 6 125-126

79. (0-1 m.y.) JD07141 EP1066 277 - 478 1 2 127-128
1 4 27-28

79 (5-6 m,y.) JD08142 EP1 067 6818 - 7721 2 6 38-39
2A 2 75-76
2A 4 24-26
ZA 6 20-21

79 (9-lOm.y.) JD08143 EP1068 14517-15124 3A 1 7-8
3A 3 90-91
3A 5 13-14



APPENDIX II. Continued.

DSDP Samples

Carbonate Atomic Abs. Depth Interval Core Section Depth in
Site Age Interval Access. # Access. # at Site Section

79 (15-16 m.y.) JD08144 EP1069 19470 - 20025 4A 1 120-121
4A 3 10-11
4A 5 74-75

79 (19-20m.y.) JD07377 EP1O7O 36873- 37227 11 4 2-3
11 6 56-57

79 (22-23 m.y. ) JD08145 EP1O71 40735 - 40993 16 1 135-136
16 2 100-101
16 3 92-93

80 (0-1 m.y,) JD08146 EP1O7Z 275 -781 1 2 125-126
1 4 40-41
1 6 30-31

80 (6-7 m,y.) JD08147 EP1073 6600 - 6872 2 4 50-51
2 5 80-81
2 6 21-22

80 (13-14m.y.) JD08148 EP1074 8765-9171 3A 1 105-106
3A 2 29-30
3A 4 60-61



APPENDIX II. Continued.

DSDP Samples

Carbonate Atomic Abs. Depth Interval Core Section Depth in
Site Age Interval Access. # Access. # at Site Section

80 (16-17 m.y.) JD08149 EP1075 13390 - 15566 3 5 40-41
3 6 60-61
5A 1 65-66

80 (21-22 m.y.) JD06386 EP1076 19390 - 19651 5 1 60-61
5 2 55-56
5 3 20-21

81 (0-1 m.y.) JD07143 EP1077 29- 621 1 1 29-30
1 2 2-28
1 3 50-51
1 5 20-21

81 (14-15 m.y.) JD07142 EP1078 31998- 32601 2 1 28-29
2 3 30-31
2 5 30-31

82 (0-1 m.y. JD07144 EP1O8O 30 - 656 1 1 30-31
1 3 90-91
1 5 55-56

82 (5-6 m.y.) JD07145 EP1 081 20185 - 21740 5 1 135-136
5 2 25-26

cont. 5 2 71-72



APPENDIX II. Continued.

Site Age Interval
Carbonate
Access. #

Atomic.Abs.
Access. #

Depth Interval
at Site

Core

DSDP Samples

Section Depth in
Section

82 (5-6m.y.) JD07145 EP1O81 20185- 21740 6 2 55-56
6 4 25-26
6 6 29-30

83 (0-1 m.y.) JD07146 EP1O8Z 90- 1772 1 2 60-61
1 4 79-80
2 1 19-20
2 3 105-106
2 5 8-9
1A 2 60-61
1A 4 17-18
3 1 130-131
3 3 41-42

83 (8-9 m.y.) JD07147 EP1083 22660- 22981 7 4 30-31
7 6 50-51

159 (0-1 m.y. JD06388 EP1084 12 - 382 1 1 12-13
1 3 80-82

159 (6-7 m.y.) JD06389 EP1085 1120 - 1216 2 2 70-72
2 3 70-72
2 3 15-16



APPENDIX II. Continued.

DSDP Samples
Carbonate Atomic Abs. Depth Interval Core Section Depth in

Site Age Interval Access. # Access. # at Site Section

159 (13-14 m.y.) JD06390 EP1 086 2170 - 2472 3 3 70-72
3 4 70-72
3 5 70-72

159 (15-16 m.y.) JD06391 EP1087 3070 - 3372 4 3 70-72
4 4 60-62
4 5 70-72

159 (17-18 m.y. ) JD06392 EP1088 4110 - 4412 5 4 60-62
5 5 60-62
5 6 60-62

159 (20-21 m.y.) JD06393 EP1089 6077- 6962 7 5 77-79
7 6 60-62
8 1 60-62
8 2 60-62
8 3 130-132
8 4 60-62
8 5 60-62

159 (23-24 m.y. ) JD06394 EP1 090 10410 - 10712 12 4 60-62
12 5 60-62
12 6 60-62



APPENDIX II. Continued.

DSDP Samples

Carbonate Atomic Abs. Depth Interval Core Section Depth in
Site Age Interval Access, # Access. # at Site Section

160 (0-1 m.y.) JD06395 EP1O91 70- 390 1 1 70-72
1 2 60-62
1 3 88-90

160 (15-16m.y.) JD06396 EP1092 540- 692 2 4 90-92
2 5 15-16
2 5 90-92

160 (21-22 m.yt.) JD06397 EP1093 3690- 3936 5 1 90-92
5 2 90-92
5 3 35-36

160 (26-27 m.y.) JD06398 EP1094 6090- 6960 7 5 90-92
7 6 90-92
8 1 90-92
8 2 80-82
8 3 90-92
8 4 90-92
8 5 58-60

160 (29-30 m.y..) JD06399 EP1095 8790- 9242 10 5 90-92
10 6 90-92
11 1 90-92
11 2 90-92



APPENDIX II. Continued.

Carbonate Atomic Abs. Depth Interval
Site Age Interval Access. # Access. # at Site

160 (34-35 m,y.) JD06400 EP1097 10675- 10761

161 (18-19 m.y.) JD08150 EP1098 55-232

161 (22-23 m.y.) JDO8151 EP1099 1730- 2242

161 (29-30 m.y.) JD08152 EP1100 9830- 10882

DSDP Samples

Core Section Depth in
Section

12 6 25-26
12 6 90-92
12 6 110-111

1 1 55-57
1 1 80-82
1 2 80-82

2 6 80-82
3 1 80-82
3 2 80-82
3 3 80-82
3 3 140-142

11 6 80-82
12 1 40-42
12 2 80-82
12 3 38-40
12 4 80-82
12 5 124-126
12 6 70-72
13 1 80-82

-J



APPENDIX II. Continued.

Site Age Interval
Carbonate
Access, #

Atomic Abs.
Access. #

Depth Interval
at Site

161 (34-35 m.y.) JD08153 EP11O1 17550 - 18282

161 (40-41 m,y.) JD08154

161 (43-44m.y..) JD08155

162 (30-31 m.y. ) JD08156

162 (35-36 m. y. ) JDO81 57

EP11O2 21153 - 21522

EP11O3 23598 23723

EP11O4 90 382

EP11O5 1030 - 1472

DSDP Samples

Core Section Depth in
Section

7A 2 100-102
7A 3 50-52
7A 4 62-64
7A 5 90-92
7A 6 80-82
8A 1 80-82

hA 2 103-105
hA 3 90-92
hA 4 80-82
hA 5 20-22

14A 1 98-400
h4A 2 71-73

1 1 90-92
1 2 60-62
1 3 80-82

3 2 80-82
3 3 80-82
3 4 80-82
3 5 70-72



APPENDIX II. Continued.

Site Age Interval
Carbonate
Access. #

Atomic Abs.
Access. #

Depth Interval
at Site

DSDP Samples

Core Section Depth in
Section

162 (37-38m.y.) JD08158 EP11O6 2930- 3472 4 2 80-82
4 3 80-82
4 4 80-82
4 5 76-78
4 6 20-22

162 (43-44m.y.) JD08159 EP11O7 6380- 7882 8 1 80-82
8 2 80-82
8 3 80-82
8 4 80-82
8 5 80-82
8 6 80-82
9 1 80-82
9 2 80-82
9 3 80-82
9 4 80-82
9 5 80-82

162 (46-47 m.y. ) JD08160 EP1119 11030 - 12232 13 2 80-82
13 3 80-82
13 4 80-82
13 5 80-82
13 6 80-82

cont. 14 1 80-82



APPENDIX II. Continued.

DSDP Samples

Carbonate Atomic Abs. Depth Interval Core Section Depth in
Site Age Interval Access. # Access, # at Site Section

162 (46-47 m.y.) JD08160 EP1119 11030- 12232 14 2 80-82
14 3 80-82
14 4 80-82

162 (48-49 m.y. ) JD08161 EP112O 13590 - 14742 16 1 90-92
16 2 90-92
16 3 90-92
17 1 39-41
17 2 80-82
17 3 40-42

162 (49-50 m.y. ) JD08162 EP1121 14974 - 14976 17 4 124-126

163 (25-26m.y.) JD08115 EP1122 210-482 2 1 110-112
2 2 80-82
2 3 80-82

163 (35-36m.y.) JD08116 EP1123 2515- 2636 4 5 15-16
4 5 80-82
4 5 135-136

163 (42-43 m.y. ) JD08117 EP1124 4680 - 5226 7 1 80-82
7 2 80-82

cont. 7 3 80-82 00



APPENDIX II. Continued.

Site Age Interval
Carbonate
Access. #

Atomic Abs.
Access. #

Depth Interval
at Site

Core

DSDP Samples

Section Depth in
Section

163 (42-43 my.) JD08117 EP1124 4680- 5226 7 4 80-82
7 5 24-26

163 (49-51 may.) JD08118 EP1125 9180- 9482 12 1 80-82
12 2 116-118
12 3 80-82

163 (63-64 m.y,
)

JD08119 EP1126 14244 - 14532 1A 2 94-96
1A 3 80-82
1A 4 80-82

163 (71-72 m.y.) JD08120 EP1127 17180- 17782 16 1 80-82
16 2 80-82
16 3 80-82
16 4 80-82
16 5 80-82

163 (77-78my.) JDO81Z1 EP1128 27033-27126 27 1 33-34
27 1 78-80
27 1 125-126

Q
I-



APPENDIX III. Accumulation Rates and Percent of Biogenic Components

Accumulation Rates are in g/cm2/m. y.
Two values are given for all accumulation rates:

1 Accumulation rate calculated using Berggren (1972) time scale
2 Accumulation rate calculated using alternate time scale of van Andeal and others (1975)

Bulk Sediment Accumulation Rates from van Andel and others (1975)

Site
Age

Interval
Bulk Sed.

Accum. Rate
1 2

% Biog. Silica
Bulk Garb-free

Biog. Silica
Accurn. Rate

1 2

%
CaCO3

Carbonate
Accum. Rate

1 2

Non-biog.
Accum, Rate

1 2

42 (24-25) 200 18.64 42.09 37 53,45 107 56
42 (30-31) 210 10.01 61,90 21 81,. 79 172 17

42 (37-38) 150 40.61 42.14 61 3.42 5 84
42 (44-45) 810 35.23 62.07 285 41.00 332 193
42 (46-47) 550 44.82 57.58 247 20,83 115 188

69 (
9-12) 130 325 48.44 48.83 63 157 .99 1 3 69 165

69 (15-16) 230 150 33.44 33,71 77 50 .75 2 1 151 99

69 (24-25) 590 11.50 26.50 68 55.26 326 196
69 (28-29) 900 5.74 26.19 52 76.15 685 163

69 (38-39) 220 66,24 66.65 146 .59 1 73

69 (43-44) 710 82.77 83.07 588 .33 2 120

69 (45-46) 1340 76,62 76.76 1027 .28 4 309

70 (
0- 2) 40 20.39 20.65 8 1,16 0 32

70 ( 9-10) 100 56.81 57.27 57 .73 1 42

70 (14-15) 300 120 19.80 25.98 59 24 23.05 69 28 172 68

70 (16-17) 280 39.48 40.93 110 3.38 9 161

70 (20-21) 2160 5.31 26. 05 115 78.03 1685 360 Q



APPENDIX III. Continued.

Age Bulk Sed, % Biog. Silica Biog. Silica % Carbonate Non-biog.
Site Interval Accurn, Rate Bulk Carb-free Accum, Rate CaCO3 Accum, Rate Accum, Rate_l 2 1 2 1 2 1 2

70 (28-29) 2610 3.70 28,90 97 86.05 2246 267
70 (32-33) 980 9.32 28.93 91 66.81 655 234
70 (36-37.5) 275 45.45 59.00 125 21.97 60 90
71 ( 0- 1) 240 7.09 35,46 17 80,45 193 30
71 ( 6- 7) 500 19.81 84.84 99 76,65 383 18
71

( 8- 9) 700 7. 27 45. 65 51 82. 39 577 72
71 (13-14) 5970 5970 4.61 32.82 275 275 84.32 5034 5034 661 248
71 (20-21) 2820 2.35 16,92 66 84.93 2395 359
71 (26-27) 2190 1,39 12.06 30 87,48 1916 244
71 (31-32) 1740 10,52 14.69 183 28.10 489 1068
71 (39-40) 390 49.86 74.23 194 32.63 127 69
72 ( 0- 1) 820 7.65 47,16 63 85.01 697 60
72 ( 3- 4) 1120 11.79 26.64 132 53.31 597 391
72 ( 9-10) 1020 9.95 53,11 102 79.41 810 108
72 (15-16) 3420 1800 4.70 45.16 161 85 87.88 3005 1582 254 133
72 (27-28) 1260 1.03 20.77 13 93.89 1180 67

72 (36-37) 340 3,95 29.88 13 85.54 291 36
72 (37-38) 280 27.03 60.72 76 53.88 51 53
72 (39-40) 90 13.54 49.15 12 70,29 63 15
73 ( 0- 1) 720 7.07 47,16 51 85.01 612 57
73 ( 4- 5) 480 23.79 42.19 114 41.39 199 167
73 ( 8- 9) 110 40,73 50.06 45 17.23 19 46
73 (14-15) 1260 500 3,52 21,18 44 18 82.15 1035 411 181 71

73 (20-22) 1165 .96 18.95 11 94,05 1096 58
73 (32-33) 1370 4,14 40.06 57 88,68 1215 98



APPENDIX III. Continued.

Age
Site Interval

Bulk Sed.
Accum. Rate

1 2

% Biog. Silica
Bulk Carb-free

Biog. Silica Carbonate
Accum. Rate CaCO3 Accum. Rate

1 2 1 2

Non-biog.
Accum,. Rate

1 2

73 (39-40) 610 13.83 40.46 84 64.98 396 130
73 (43-44) 270 5.50 21.50 15 73.32 198 57
74 ( 0- 1) 90 33.21 33.56 30 1.17 1 6

74 ( 7- 8) 220 33.02 33.32 73 .79 2 145
74 (17-18) 210 5.15 19.64 11 70.74 149 50
74 (25-26) 660 2.22 15.26 15 83.28 550 95
74 (29-30) 460 .49 15.68 2 94.85 436 22
74 (44-45) 340 1.66 4.21 6 58.69 200 134
75 ( 1- 2) 60 1.85 1.87 1 .87 1 58
75 (16-18) 100 .38 3.24 0 86.40 86 14
75 (21-22) 1220 0 0 0 86.64 1057 163
75 (24-25) 510 0 0 0 85.60 437 73
75 (29-30) 990 0 0 0 83.73 829 161
75 (31-32) 750 .08 .45 1 79.67 598 151
77 ( 0- 1) 820 12.77 60.08 105 79.00 648 67

77 ( 3- 4) 880 11.96 30.07 105 56.64 498 277
77 ( 7- 8) 1590 9.42 47.12 150 77.23 1228 212
77 (15-16) 1410 1105 7.61 39.39 107 84 78.93 1113 872 190
77 (22-23) 1540 2.21 28.86 34 90.93 1400 106
77 (26-27) 2030 1.12 26.30 23 93.83 1905 102
77 (30-31) 1030 17.06 63.82 176 71.67 738 116
77 (37-38) 490 16.54 29.93 81 43.67 214 195
78 (12-13) 570 570 2.40 13.38 14 14 79.35 452 452 104
78 (15-16) 520 310 4.45 23.29 23 14 77.83 405 241 92
78 (18-19) 620 3.90 19.36 24 77.14 478 118

149

104
55

I-

C



APPENDIX III. Continued.

Age Bulk Sed. % Biog, Silica Biog. Silica Carbonate Non-biog.
Site Interval Accum, Rate Bulk Carb-free Accum. Rate CaCO3 Accum. Rate Accum. Rate

1 2 1 2 1 2 1 2

78 (25-26) 1480 2.35 14.45 35 81.88 1212 233
78 (31-32) 2470 3.63 29.55 90 85.99 2124 256
78 (34-35) 690 7.14 32.67 49 76.48 528 113
79 (

0- 1) 320 12.09 75.88 39 62.38 200 81

79 ( 5- 6) 1250 0 0 0 44.66 558 692
79 ( 9-10) 420 25.57 47.38 107 43.35 182 131
79 (15-16) 2870 1910 17.51 43,55 502 334 57.76 1658 1103 710
79 (22-23) 1440 3.17 19.89 46 82.47 1188 206
80

(
0- 1) 640 5.29 32.31 34 80.65 516 90

80 ( 6- 7) 460 18.81 46.71 87 56.42 260 113
80 (13-14) 390 390 37.77 74.83 147 147 45.89 179 179 64
80 (16-17) 1690 10.66 42.68 180 72,41 1223 286
80 (21-22) 650 4.92 17.52 82 70.30 457 111

81 ( 0- 1) 6.13 65.75 73.67
81 (14-15) 18.32 66.15 65.51
82 ( 0- 1) 1080 17.23 71.88 186 76.03 821 73
82 ( 5- 6) 9190 18.14 58.14 1668 66.31 6094 1428
83 ( 0= 1) 1060 15.03 24.61 159 56.69 601 300
83 ( 8- 9) 3060 31.83 49.85 974 33.74 1032 1054

159 ( 0- 1) 190 1.33 1.34 3 .26 0 187

159 ( 6- 7) 90 0 0 0 .23 0 90
159 (13-14) 240 240 0 0 0 0 2.05 5 5 235
159 (15-16) 230 140 7.34 8.97 17. 10 16.92 39 24 174
159 (17-18) 260 5.42 5.78 14 5.85 15 231

159 (20-21) 800 7,61 16.04 61 50.19 402 337

473

64

235
106

Ui



APPENDIX III, Continued.

Age Bulk Sed. % Biog. Silica Biog. Silica % Carbonate Non-biog.
Site Interval Accum. Rate Bulk Garb-free Accum. Rate CaCO Accum. Rate Accum. Rate

1 2 1 2 1 2 1 2

159 (23-24) 1040 6.08 14.24 63 55.61 578 399
160 ( 0- 1) 320 8.34 8.37 27 .37 1 292
160 (15-16) 140 0 0 0 .27 0 140
160 (21-22) 270 11.60 26.33 31 53.13 143 96
160 (26-27) 1150 1.82 12.27 21 82.96 954 175
160 (29-30) 690 1.59 15,94 11 88.26 609 70
160 (34-35) 170 9.68 50.99 16 79.42 135 19
161 (18-19) 180 16.04 19.56 29 17.40 31 120
161 (22-23) 600 10. 39 29. 87 62 62. 57 375 163
161 (29-30) 1890 2.41 19.06 46 85.82 1620 222
161 (34-35) 1010 5,27 29.95 53 79.91 807 150
161 (40-41)
161 (43-44) 910 27.79 52. 65 253 46.26 421 236
162 (30-31) 360 10.81 18.24 39 72.00 259 62
162 (35-36) 420 6.68 23.80 28 69.96 294 98
162 (37-38) 200 50. 65 52.51 101 3.30 7 92
162 (43-44) 1080 27.63 48.36 298 40.77 440 342
162 (46-47) 680 47.44 62.14 323 22.16 151 206
162 (48-49) 500 32.08 39.30 160 17.93 90 250
162 (49-50) 1360 3.08 9.78 42 68.04 925 393
163 (25-26) 120 3.75 3.79 5 .80 1 114
163 (35-36) 30 51.24 51.66 15 .74 0 15
163 (42-43) 290 74.11 74.63 215 .63 2 73
163 (49-51) 180 89.17 89.65 161 .48 1 18

Q
C.'
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APPENDIX IV. Salt-Free Analytical Concentrations of Elements Analyzed
by Atomic Absorption (AAS), Error (1 d) and Percent
Error.

AAS Ele-
Sample Access. No. ment Concentration Error (1 ) % Error

E +2(2t.-25) [p qc
MG 7O59.AqF 152.i' 2.1
AL O1.1i78 l37.226 .'7
At
AL 14Ql.51c RA.2jl4
AL 1)°5J.CC3° 22c.?777 11.52
SI 1Q2I.?Aq2 2h4.P?6 L33

1.73
IN 224C .55u 33.1F'22

23A6.26E7 1.Pc515 .71
FE j9r4q356 437.!q1 3.f3
FE i236.i332 120.01+33
FE 1t51.029 121+.7t51.l

cr, çq

'IS Lel22.R(51 56.3
AL 354.?3? f5.521+[
AL 5qqo.15°: 1jq.R15. 3. 7
SI B1D46.r107 2"iJ 3. '3," 3..1
MN 575."5 .2'1's
MN "0.123° 5.275
FE 273.. 1.7 5 24P. 1+1+7 . 1.12l3.:3q !7.5GG 1.17

FP.2(37-) EP oe

AL 1O3.1+35F 1G.f21
AL 13.L.A3 7.11+[ .3.3
St ?71+.30C t33'+3.5'-.
"N 451'.2Fiil 1.13
FE 2.71+ 5'i.t2i 2.''

EP 1+2(1+4-.5) EP '1
MG 72t52.cOl3 1.7.951C
AL 7E33.l21+ ?11+.q3 2.72
AL 73l+.51+Fr 2.45
SI 1q31+Elq.79'o t221+1.tA73 5.1
MN 77.1 7QOø3 2.+'4
MN '2.1ç3 53.1133 1.57tG37'.160 t+E.3.5].
FE 11+73.767j. ?C..237

E 42.6-1.7) EP

MG 'J12.5'+1+ t1.E3 1.5'
AL E'0.73.' l52.F10 2.23
AL co3q1+17 1c2.l3 1.72
Sr 363.'.Gcc 557.C1G3 2.''Fr 1711.'.71'° 1.1

EP,q(4-1 P '3
AL 2,7.qt'1
AL 27SO°.'75. 22.CCFo
AL 27flq.(7' 71.3e77 .0
31 I'C FAQ.7lr I2k7.P31 7
MN .O.'+33' 5'.357j
FE Z'37.1G3:J A1+2.71.E 2.51

EP63(1.5-15) F2

AL l.?337.37q 522.197E 12.33
St 2qq.?.1q3 1U311.i555 3.Y

?97.1Th5



AAS Ele-Sample Access. No. ment

EP69(22s

AL

SI
CA
CA
MN
FE

EPF,q (28-29)

EP9(38-39)

FP64

EP 70(3-2)

EP 7C(9-1)

E7J ( j'+-1

p

AL
AL
SI
SI
CA
CA
MN
MN
FE
FE

FP

AL
SI
MN

EP 990

AL
SI

EP ggj

MG
AL
AL
AL
SI
SI
CA
CA
CA
MN
MN
MN
FE
FE

EP qQ

MG
AL
41
Sr
MN
'IN
FE

FP 993

EP 70 (15-17) EP 3q

AL
St
St
CA
MN

MG
AL
AL
SI
MN
MN

Concentration

jr58 7183
*9008.9216
300520.6718
30 3084.2969
1896.38 7
10181.8297

(4 3 33. 43 '3 2

(413.0803
(4(4095.1362
1+0902.96 :

(4Q564
4331(41.51+68

595. 7) (49
'07

1+244.461+0
774

13139.2882
36191R.'1 18

37(41 142%
20372. '4938

7316.7311
385459.2986
1.152°. '4510

18 24 7. 7 '4 '40

S7186.92'5
62697.8303

5 16Q05.q 6
307256.2728
42739.4171
25 3 6. 3. 39 C 0
?525. 3R6
9375.01407
7360.0302

39 87
31.333.460(4
4059O.137

10731 2215
2850 3. 6.1. '59
25 20 7. 31.

36.0254.4817
617'4.Sjlj
5'C,(4 10(41.
27320 8556

20777.41 7M
1? 732. '2 '2
158332.6370
'816.59. "672
362.162P

1813 F. '5 '4 71.

gc,72.rq7q
30055.5306

4043.19141
'0 '41. 97
4Q6. 1+70

108

Error (1) %Error

529. ;'4'46,

4909. C 271

3839'. 873
29. 201+
377.7459

24q. 1727
244. 1467

1710. 8q13
18C7. qioq

:73314.3560
1.3886.7209

10 +1
1 '71.

140.8796
187. 4137

1.66.96
11(436. c21

92.0397
240.4001

12a.77.'5
9713. 574.3
189. C 896.

(.63.493*
t'4i. 5992
106. 586

5447.14861
27248 2578
2566. 7811,

C
a

102. t87Q
147.756
1.16. 6.19
45 ccP1,
621. 0291

267. ?74
433.7354

5. 0415
1. '61.7.619(4

84."4'7
52. F.1.j 0

7'2. 1189

1.018. 0 9 35
130147.6.717
821c. Q3çr

171(4. 212'
74. 11s
467. Q3q

242. 198 c
577.06.56.

C 914 3

10651.61460
77. '5 576.
79. F 58(4

5.26
'4...

1.33
12.67

3.71

5.75
5.
3.88
4. . 2
3.5)
3.21.
1.82
2.32
3.53
4.01+

15
3.2.6
2 '46

2.. 18

1.. 76
2. '5!
1.54

2.5(4
2 75
.17

6.49
4. 2
44 1 9

t7 9 3
6.39

1.39
2.31
1.21.
1.55
1.53

2. 4'
1.5!
.02

3.74
I 5'.
1.30
2.68

I.. 91)

1. 4!
'5.19
6.13
1.97
7. '1

'.56
1.9?
.33

3.75
1.9:
I .9';



I 109
AAS Ele-

Sample Access. No. ment Concentration Error (1) % Error

EP7)(20.21) EP qq

MG 2R2.l13i 57.6935 2.OL.
AL ki.00.946 71..i67 1.70
AL 375.3514 265.7.0 6..'L.

SI 41301.3.31 142C.7662
SI 3S756.M9!9 71C3.7721 i.33
MM 25.?E4 .50O'5 1.03
MN 744.1.76? .3

FE 5O455557 224.25C5 377
FE k47.I212 220.RC5Q 493

ED7a2-2q) EP

MG 3424.t7C1 3OQ
AL 2lc,5.s829 1C3.9972 3.75
AL ?773.527 229.0932
SI 27360.1027 9l.939 3.26
MN 515.C26 12.6t4 2.1?
M4 ?9.4626 7.3595 1.39
FE 32qR.1.q4 192.7055

EPT3(32-33 rP q97

AL 4q82.291 241.143?
SI 6fi43.R7 5QC1.116 757
St 59376.0! 369°.1303 f.23
MM 11.43.1631 22.2247 1.5g.
FE 5E?C.13 109.C305 1.9.

E270(36-37.5) EP qq

MG 41i.713 a1.q55 5.34
AL ?GE15.5956 1.1245 .57
AL 1'4731.27?3 p5.41.14 .6
SI '7F'117.937? qf.9A.457: 3.4'.
MN 2q7.13.37 1DF.C421 3.55
MN 3OR.53q 1..569 1.51
FE 253F9.63I 4B4.563 1.'1

EP 71t6-7) FP1003

MG 738.922 14.q7q5
AL 1.5q9.72C1 195.33
AL i2OQ?.374 2.505 .02
SI 136500.'515 2715.355Q
SI 130309.6305 7°A.77,c 4.46
SI t6500.515 2716.669 1.99
MN 34tSO.5434 321.321
MN 11,i.132B 4J.R542 2.49
FE 100A.9627 52.3263
FE t0CG.P39'. 165.25? 1.53

391..3j.2 3.75

EP71(B-q)J7155 EP11t
1.71.

AL 2003.5525 75.74SF' 3,Pj
AL 1F4S.623 .2?' .36
sr 4201.'3.7921 t61.1.F'A7 3.53
MN 51.9.1R62 6.0'3" 1.1
MN 4S'.'.074 5.2A45 1.1)
FE j5j.67q5 3q5745 2.S

E° 71(13-1.I £°1302

1G'4.594° 25.°'7. 1..
At. 1229.4577 60.735? 6,9.
AL 174.L.19? 14. 507C 8.59
SI 28704.2976 568.P13t 2.33

163.261 3.8196 2.27
MM 12.l+27R '.9563 1.5?
FE it3.3'.7 25.635 2.51
FE 157.9'18 13.1564

E°7t(2i-21) FPIQ2I
AL 13f..'.923 i15.1'
SI 17aC.2 879.7151 4.9?
MN 2t?.'.34 1.38: .55
FE 3fl64474 .i62 2.63



110

AAS Ele-
Sample Accesi. No. rnent Concentration Error (1C) %Error

EP71(26-27) EP1022

AL 748.1897 115.1.1.57 15.43
IL 961.7653 55.9365 5.92
SI 11460.8117 420.6118 3.67
MN 234.3991 1.5002 .6'.
FE 1157.5066 14.7003 1.2?
FE 1111.5955 137.8502 12.41)

EP7L(31-33) EP1023

AL 2518.3108 193.9099 7.73
SI 72598.2889 152.1.564 .21
FE 1895.9620 10.2382 .54

ED 72(0-1) EP1O24

MG 1223.3460 34.6207 2.83
AL 1.161.6141. 121.9353 2.93
AL 4217.6951 296.9257 7.04
AL 5138.5951 154.6717 3.01
AL 3788.4749 161.3890 4.26
SI 51758.9340 807.4389 1.56
MM 631.0575 6.1641. .93
'qN 637.556? 4.1441 .65
MM 661.1143 4.3634 .66
FE 2351.6711 259.8830 7.36
FE 2869.4654 C 0
FE 2882.6056 0 1)

FE 2781.c907 63.9834 2.43

E 72(3-'.) EP1025

MG 1.679.1129 76.7375 1.64
AL 8978.3908 169.7010 1.69
AL 8011.2575 1.6023 .32
SI 82617.7940 2004.1906 2.42
MN 2145.8451 7.295° .34
MN 1931.4579 47.9002 2.46
FE 09.9262 537.3032 7.89

ED ?2(-10) FPIO2S

MG 1510.0353 30.6537 2.03
AL 961.0243 62.627 6.61
SI 51671.1574 976.5549 1.81
MN 262.1)378 4.69)5 1.79
MN 259.2056 2.6439 1.32
FE 759.1415 29.1510 3.34

EP 72(14-15) EP1327

MG 1452.6524 30.7922 2.12
MG 1574.7222 37.7933 2.'.)
AL t0M.9519 75.6427
AL 94C.1857 57.6394 6.12
AL 925.39 125.6926 13.60
SI 26226.773 1258.8851 4.3)
MN 355.3557 5.2945 1.41
MM 359.9373 3.9233 1.09
MN 362.2254 4.2313 1.16
FE 742.5216 22.201'. 2.99
FE 777.2856 30.4696 3.92
FE 94.79'.2 14.1377 1.58

EP72(27-23 E°1023
MG 7744.9975 23.3325 85
AL 657.1776 4Qj)5'. 7.32
AL 692.6118 124.0463 '.7.91
SI 7494.1519 415.925'. 5.55
MN 110.4631. 6.343 3.31.
MN 166.9629 2.21.
FE 592.6352 7.6450 1.2°



lllAAS Ele-
Sample Access. No. ment Concentration Error (if) % Error

EP 72(36-37) FP1029

MG 3561.7929 122.1695 3.43
AL 2589.6213 57.2306 2.'l
AL 21*11.0955 167.3300 6.94
AL 2395.85'*S 72.8340 3.04
SI 271*63.7756 472.3769 1.72
SI 27802.8416 636.6851 2.29
MN 231.3229 3.9788 1.72
MM 237.3706 2.8247 1.19
FE 2476.0960 151.2895 6.11
FE 2082.6938 34.9893 1.68
FE 2165.1205 186.6334 8.5'

EP72(37-35) EP1O3O

AL 6325.5486 241.6366 3.82
SI 151128.8806 6004.°156 2.65
MM 1392.7556 21.Ls434 1.54
FE 9476.4661 3C6.080 3.23

EP 72(39-40) EPIO3I

MC 7525.4471 225.0109 2.83
AL 4925.1543 97.5161 1.38
AL 4644.6562 240.7895
SI 51617.1983 1516.0799 1.86
MW 2226.8562 10.9214 .43
MN 23O?.699 46.9751 2.04
FE 11415.1186 429.2085 3.76
FE 11q3(.1535 139.5828 1.17

EP 73(0-1) EP1032

MG 2280.4249 38.7111 1.68
AL 6053.6616 52.2951 1.29
AL 3529.6736 194.4740 5.51
AL 3640.3266 194.3934 5.34
ST 47700.55'C 3346.5786 7.32
MN 569.1167 7.156 1.41
MN 546.6O0 6.6364 1.5
'IN 545.0060 5.6681 1.34
MN 6.2859 1.34
FE 2557.780 27.8795 1.03
FE 3026.6404 68.7501 2.2

EP 73(4-5) FP1033

MC 6734.4805 84.2738 1.78
AL 7124.1660 91.1896 i.'3
AL 6602.7974 246.3321 3.
SI 138012.1082 3146.6761 2.26
SI 140621.7839 7.52.9545 5.30
MM 663.8751 5.3648 1.26
MN 631.c564 11.1785 j77
FE 5601.1329 277.8162 6.96
FE 6133.4965 184.214 2.91.

EP 73(5-9) VP1334

MG 7483.17'6 115.1446 1.54
AL 7393.0309 164.1253 2.22
SI 222796.1260 7218.5945 3.24
MN 6925.5860 98.5117
MM 497z.11R0 45.3203 .93
FE 14397.3184 348.4078 2.42
FE 14567.7922 225.A03 1.55

EP 73(14-15) EPIJ35

MG 1t5.3555 36.8017 2.33
AL 2707.06E0 2O7.OqO 7.65
AL ?883.?146 8°.6680 3.11
SI 27165.4340 395.1553 1.46
MN 6C3.L+6 5.945k 74
MM 796.7733 C
FE 2021.0990 33.6176 1.96
FE 21P6.9.Ojq 4".111



AAS Ele-
112

Sample Access. No. ment Concentration Error (1 j) % Error

EP 73(2q-a2) EP1C36

MG 1231.5175 26.8471 2.18
AL 971.0484 89.6278 9.23
AL 927.7q98 79.8836 8.61
SI 8001.9627 321.678Q 4.02
MN 147.8184 4.5972 3.11
MN 15..10°2 2.3271 1.54
FE 511.184'. l7.91.5 3.50
FE 662.'5532 11.3297 1.71

EP 73(32-351 EP1337

MG 1228.2813 29.9701 2.44
AL P68. 8414 72. 08Q 38
AL 875.3867 104.2586 11.91
SI 23235.8811 597.5151 2.55
MN 169.6029 3.5786 2.11
MN 134.2332 2.1746 1.62
FE °56.3223 10.0624

E273 (39-1.J) EP103

MG 3477.3276 81.7172 2.35
AL 6497.2717 113.7023 1.75
Al 6256.4023 143.2487 2.29
SI 88763.4658 2111.886A 2.39
MN 1419.82°4 E4.034
FE 9184.3327 308.5936 3.36
FE 4291.7a° 411.0979 9.58

[P73 (L.3-4L) FP1139

AL 2443.5070 218.4495
sr 35787.3324 2014.268
MN 2982.3147 52.7R7 1.7'
FE 16375.167° 1.81

EP74(0-1) EP1Q4Q

AL 40147.4842 959.4Q54 2.39
41 5520.21c9 73.8206
AL 34P.q!l06 1736.P64 4.91
AL 66575.5276 3535.025 7.59
SI 291883.1851 13893.396 4.76
SI 266113.6870 1218R.006a 4.58
CA 45630.874C 43C2.531 9.43
MN 9747.5O. 110.1.468 1.13
MN Q7.7334 83.3145 .86
MN 129.05?1 28q.832E 3.2t
FE 43552.3861 766.5221 1.76

47435.6477 1152.6862 2.43
FE 47161.6647 2P.285C .06
FE 45130.3716 6q.52CR 1.55

EP7'4(7-) [P1041

AL 33129.51.89 1232.5025 3.63
SI !6841j.96q2 10817.0024 4.33
MN 20766.6133 1E.i3?9 .81
FE 61829.6557 932.°33 1.80
FE 56705.635 1280.1119 2.34

EP 7'.(17-tP EP104

MG 558.1346 134.6904 2.51.
AL 7317.9935 127.8882 1.75
AL 5940.2t1 122.°6?4 2.07
SI 4732.5265 3158.O65 6.63
MN 3075.8152 16t.1.8J 5.26
FE 11°13.13)7 279.°58 2.15
FE 1fl34.8231 195.167' 1.6



AAS Lie- 113
Sample Access. No. ment Concentration Error (1

) % Error
EP 74('5-2i [P1043

36q5.2973 89.7957 2.43
AL 5444.0940 117.5924
AL 4901.2141. 16'.1123 313
SI 2S100.276 615.3Q60 2.1
MN 1f86.6361. 1.312k .71
FE 171.06°7 257.387 3.15
FE 7467.6324 18R.0311 2.53

EP74(29-3)') EPIO'+4

MG 2q6.A673 24.7910 .3
AL 13C.t+251 77.5745 7.1
AL 113.1425 103.6433 p.76
ST 6143.glai. 377.2366 6.1.
MN 43j.13E5 7.0308 1.63
MN 3R2.9149 6.6333 1.21
FE 2924.4119 173.7313 6.15
FE 1463.3511 0 0

[P 74(4-5) FP1045

MG 7332.5?'l 136.3849 1.5
AL 9501.5489 134.922C 1.42
AL 7940.5679 '32.Q656 10.49
SI 40409.0i3 203Z.E7k
MN 200'52.6916 511.3385 2.5
MN 21563.2145 256.6023 1.19
FE 64397.265 637.532° .9°
FE 69536.2898 3815.0686 5.49

[P75(1-2) EP14S

AL 46367.3859 1590.4011 3.43
AL 53716.335 3009.1427 5.6;)
SI 152572.9512 35003.2355 22.94
SI 153229.2419 9535.8588 6.22
CA 6025.2441. 6832.050q 11.38
MN 40055.155 594.8199 1.45
MN 66829.3553 1363.6671 3.34
MN 43112.077) 405.2535 .94
MN 45051.3057 280.3330 .51
FE 1F'514.2387 9965.6356 6.31
FE 1687g4.7950 1485.3994 .94
FE j8713.3763 59i.0001. 3.1S

E275(16-14) Et047
8t 117.795g.
AL 3021.5373 171.5190 5.56
SI 12050.4656 483.2215 4.31
SI 10904.9125 517.5553 4.79
MM 056.7076 51.3527 1.59
MN 3283.74c4 63.7047 1.94
FE 17564.815° 289.8195 1.65
FE 17833.5639 219.3524 1.23

[975(21-22) FDIO48

AL 7lt.477 124.2953 17.47
SI 3159.6454 54.63U
MN 708.0353 9.6293 1.3s

E°75(24-25 [P1349

11GR.°934 190.3033 17.16
AL 1090.3473 127.2435 jj.67
SI 4269.768 317.243 7.43
MN F9.3205 .9749 .15
MN 763.4952 0 3

FE 8531.731R 01.9931 3.76
7860.3758 192.57°2 2.45



AAS Ele-
114

Sample Access. No. nient Concentration Error (1 ) % Error

EP 75(2c_33) FP1O5Q

MG 2q66c,of, 21.67Q5 .7
AL 1143.3429 lOq.0749 9.5.
AL 1171.1236 .1171 .01
SI 426o.3qo 27.E5R? 6.54
MM 278.6BR2 105.1335 3.77
MN 2511.5514 42.4452 1.6
FE 16076.95'Q l91.3l5 1.t
FE 9201.090q 524.4622 5.73

EP75 (31-32) FPIO51

AL p33.9914 t30.Elql 15.59
AL 839.7213 184.31 21.95
SI 3597.41°1 646.P160 17.98
MN 19258.8968 304.2906 1.58
FE 4048Q.5i70 558.7553

ED 77(0-1) FP1052

MG 3036.3305 61.0302 2.31
AL 4009.0945 7.352a j5
AL 4q36.5831 2q.43
AL 78.7SEC 222.?4 475
SI 7.939.952 1852.7258 2.35
SI 68085.6050 1026.47U5 15.37
SI 5640.3886 1j01j07 1.73
MN 177°.5017 12.106C .70
MN 1521.51°Q 27.8438

1569.5550 53.678' 3.4'
FE 6037.69 125.1586 3.10
FE 325°.70t8 0 0
FE 32.5.0685 r

E277(3-+) ED1OS3

AL 5870.9579 212.5287 3.5'
SI 78743.5j74 1244.1676 1.58
MN 252.4963 6C.744' 2.e1

ED77(7_)

41 i189.90 155.3965 13.7]
3q75

MN 351.0549 4.233 1.26

EP77(15-16) FF1055

AL j361.861 j5.iqj 11.11
SI 42021.7313 6L.°1C
MM 52q.3968 10.1115 jqj

EP77 ( 23-24) EP1O5S

AL 686.283 j774774
SI 11371.6712 183.7671 2.87
MN) 396.546 4.8774 1.23

E277 (25-27) EPtI57

AL 768.7211 207.6004 27.02
SI 392.68°3 331.003 4.13
MN 15r.c5868 2.1383 1.42

c01358

MG 2923.70q 33.915c 1.15
AL 870.7729 203.6738
SI 85559.6982 1565.7425 1.33
MN 183.6669 5.1528 335
MN 126.883 1.8398 1.45
FE 2492.Q662 435.5212 17.4'



AAS Ele- 115

Sample Access. No. ment Concentration Error (l) % Error

E277(37:35 EtD59

AL iC27.94E7 496.4731
SI 120114.0752 13i.25t.q 1.1)
MN jO2.q06q 1.029 .1)1

EP73(12-13) EP1360

Al 4197.25°4 285.4137 E.30
SI 262.R9'46 528.3465 2.11
MN 1433.6044 i12.1fl79 7.A2

EP7'( 15-16) EPt061.

AL 4372.2 271.1151 6.20
SI 36567.7Li4 k95.00 1.34
MN 122q.4q'4 16.°671 1.33

E713-19) [P1062

AL 3332.524 l8l.226
sr 30902.2113 336.k3I+1 1.0
MM j(,.5752 89.2311 6.52
MM 1567.5423 3.'+
FE 05q7.7L.:2 39.C472 3.22

[P73(25-26) EPI.063

Al 535 473077c q75
SI 2o92.31' 3F.13ic 1.31.
MN p62.736 .t663

EP73(31-32)

AL 163.q2c1 159.361+1 113.1.9
AL i625.731 j133RR5q 6.39
SI 21433.61+14 296.4743 1.13
FE 35'4.'2'. 345.C753 4.53

EP73(31+-351 EP1C6S

AL 3267.5671 29.57l. 3.25
SI 474qz.q3'r 369.3501 777
CA 36342.Gj56 2136.6291+ s.d
MM i9°.1227 8.959
FE Q36.R73 314.7274 3.1

EP 79(0-1) EP1066

MG t2.c1+'c c3.q5i3
Al 7536.6976 13.977'+ 1.41.
AL 3006.3072 30Q.441 3q37
AL 677.4771 329.722? 4.37
SI 33051.0023 2301.5292 7.41
SI 37021.9636 9502.794 10.92
CA 57233.125 751Q3353 2.1.3
CA 322363.231+3 152°2.19 ic.cic
CA 334542.6253 19997.3391+
MM 4171.6021+ 113.1303 2.64
MN 351+3.751° 69.L+90 1.76
MN 1+196.33'S 51.2664 1.46
MM 1+332.24'+O 77.jjl9

3003.2913 194.4065 2.41
FE 73F.gO2 172.ddq
FE 3256.7673 277.42L 3.5

EP7(5-6) [P1067

AL 1+M95.L*135 168.4321 3.4'.
SI 19126.1135 2448.0141 12.33
FE 6549.C6?6 1R1+.02M7 2.31



AAS Ele-
Sample Access. No. ment

EP79(q-10)A JD')A FP1O6Q

AL
SI
FE

579 15-16) AJflt FOl 069

AL
Sr
MN
FE

E°71(22-23)A JJ0 FPIO7I.

AL
Sr
FE

E°A3(U-1)A J014 EP1072

AL
SI
MN
FE

EPJ0(6-7)A JflG1 E°1073

AL
AL
SI
SI
FE
FE

E°8UC13-)Ajrj

AL
Sr
FE

EPS(t6-17)A JTh3 E°1075

EPRH21-22)AJfl63 E107&

E°81(C-1)4 JDO7I EP1O7T

AL
AL
Sr
SI
SI
FE
FE

AL
Sr
MN
FE

AL
AL
SI
SI
CA
MN
1N
'1 'I

FE
FE

E21(1t+-15)A J) P17'4

AL
SI
MN

116

Concentration Error (1 d) % Error

(+1)30.1704 j5(+75C 3
i3332.2q74 22077.A17
15622.3133 '+76.40E 3.35

2559.9033 9.303 3.
9431.1723 330.R591 .35

13.C62 1.11.
1C7.11l

1349.5360 59.019i
21.448.643g. 394.6550 1.44
t1221.301 461.2172 4.ti.

2099.,60 j13(+07Z
34136.4173 102.41)93 .30

493.t?F3 9.?70 1.44
1213.7551 31.4363 2.59

3Q54.5773 106.0445 2.773.424 110.57"° 3.1
102049.2364 6C2.C90t5 .59
10561.9713 296.4115 .24

2942.4914 202.4366
1i0.2'5 3.6'

2131.4672 7°.514
149u37.6472 1506.2J0L
22.0"'9 t35.917

4113.87'4 111.7293 2.51
2611.79R2 60.C714 2.11)

65',44.2943 2567.l411 3.92
65134.6664 7229.9441. 11.11)

i526.765' 2.63
27134.149 175:3.1154 6.46
52.6916 159.2616 3.3

1844.951k 155.4954
31337.55 36.3442 1.15

4.5572 .56
607.23c*6 2.1

2C07.2267 124.719° 4.29
2619.3456 155.P511 5.95

41341.756' 2244.4675 5.55
41555.0140 2954.C6t5 7.1.t
356055.9375 256.r33l 9.1?

541.6326 5.°5n
512.5419 4.97U .12

9.4901 2.31
3216.2764 .3216 .31
3113.4547 33.2005 .11
3314.4366 74.9151 2.26

1221.1 174.72: 14.64
96416.1113 1301.6115 1.35

2.3



117AAS Ele-
Sample Access. No. ment Concentration Error (l) % Error

E292(1-t) EPIC9O

AL s)90.q292 170.2111 3.35
AL 3231.3376 jOS.24q6 3.35
SI 100355.55C!i 4475.P576 4,46
SI 92771.0701 13914.4q16 16.61
SI 4jjjQ.5347 2940.C467 7.15
SI 36591.29°7 4605.5944 12.Sq
CA 353'3.7197 39773.P516 11.25
MN 1291.2972 B.°099 .69
MN 1235.6179 50.1661
FE 6655.12Q ?C2.c3914
FE 6025.4606 126.5347 2.ID
FE 625.25q2 93.9999 1.50

EP82(5-6) EPIO8I

AL 1619.1762 103.869 6.42
SI 931B2.6518 243.0549
MN 950.4609 15.3674 1.60
FE 6924.7970 11+4.7290 2.oq

EP83(C-t) E°1092

AL 7051.2.1711 C 0

AL 155.13' 6it..Aqsq 3.35
AL 19930.211 373.'9 1.99
AL 17A91.C32 982.2152 5.61
SI 131965.5977 3C?.012C
SI 1771+6.95Q2 5727.369?
SI 10701°.079 75q45qqc 7.11
SI 104347.5329 89ç3.oZSq
CA ?3476.9475 6509.8955
MN 77fl3,5676 11q.4 1.4
MN 7902.02C1 1.20. 110 1.52
MN 787q.825 115.R334 j.47
FE 3jc719j45 1117.267C 3.50
FE 3424L+.550 308.2010
FE 36458.6022 473.q619

P838q) EPIO8.3

AL 3540.6939 1i..2559 3.34
SI 168799.5'1 3927.910" 2.09
FE 2516.'A72 758.9595 3.Oi

E01084

AL 96+18.C24 4261+154
AL R6126.21°0 S245.0'67
SI 220661.8709 1t?98.°615
SI ?42324.905 15799.5fl7
SI ?59196.21l 18143.787
SI ?54i39.21' 1'712.CG6?
CA 1.0471.9792 389,8956 i
CA 106 .621+ 512.4312 6.93
MM
MN 20064.7644 635.23?4
FE 5279.3q5° 1.5.6715 .23
FE 53127.fl084 31.5762 .06
FE 27.9716 263.9761 6.66

EP159(6-7 EPIaM'5

AL 92437.071.5 3033.6''+2 3.63
SI 25L+56c.19IR 208.7.4346 .3?
MN 12756.2947 457.°45 3.51
FE 5c07,6999 362.6074 .54

EP159 ( 13-14) EP1ORS

AL Q7690.937 4376.5493 4.4'
SI 271.051.1646 34.6521 1.47
SI 259665.645 t7631.23A 6.79
MN 11637.0699 1.22.3766
FE 794'4.5'+71. 12'.97 1.6'



118
AAS Ele-

Sample Access. No. ment Concentration Error (1 0) % Error

E159(tS-1E3 jr)

AL 3.q77L44) 17Bq.365 5.12
SI 162011.22'il 55O2.R63 3.5'
F! 742.1927 A.1. 35Q 1'. 27

Ep5q(j7a) J) EP13

AL *t.3O2.3 3j3gj53 7.
SI t7329q.6O 12217.Ek07 7.05
MN 1C057.C710 75)7q7c
FE 76507.5219 1t17.CC9

19(2l-?HA JZJS3 109
AL 1C11E.Rq 1f.fq3
SI 7F,q.2jg 1J6.4Cf' 1.n
FE 40771.CE 615.f41 1.51

159(2-:A J55 FPIO9O

AL 4°11.077 152.7345 3.11
SI s7qC.,7q5 135.12q 2. '4

MN 15L4c.6835 123.+55
FE 53t29.42 t.231

' E16J(1-l)Jfl5 EplOqi

AL R9.675t 45q.5223
AL qq4.2q?' 4245.0273 4.77
SI 29495.72j7 11559.9123 3q?
SI 26C9.7Al2 12991.3151
CA 20'62.fl54 3jq3j3
CA jqqis.jqi 1'90.315'
MN 1t5.1P' 1.1?

9qqc,.pe1* 29.907 2.i
FE 63l4t.365 2374.1153

EPlSçlc_jf,)q J)

AL q)43,3ç3 36ES.3722
SI 73972.432 514.L.3?3 2.15
MM ic.si i1C.7S 1.35
F! 630.7f 79.340 1.15

°15l21-?nA ii Epl3g3

AL 12054.4514 151.55 1.55
SI 96F'+5.715 ?454.M9
MM 215.4753 '7.3112 2.1
FE 375.35) 94.6473 7.52

EPI.50(25-2flA il

AL 31j5.62 16i.1C2
SI 20515.427 332.3567 1.
MN 43.711C 5.313 1.1'4
FE 729.46t7 1.CiE03

EPIU9S

675.1934 57 1.''
AL 2267.423 7C.q33 3.13
AL 25?.43O 94.1173 4.11
AL 1'.5.62 qt4s5i .14
SI i4966.33 23°.457'
MN '°5.3'2 3.4612 1.1w
FE 3410.9905 150.315
FE 3'31.G775 221.5157 6.65
FE 37745 69.746 2.i

EP160 34-35) AJI6 FP1OS7

AL 3913.0271 1C2.1
St 51299.06M 113.046f.
FE 447.?2)9 17."33
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AAS Ele-

Sample Access. No. ment Concentration Error (1 C) % Error

Pt6l(l.-1 EP109

AL 30249.51i+ 12.99R .04
AL 40206.10mg 2637.5207 6.56
St 186524.9412 126!.3696
SI 19574.5343 7737.0441 3.95
SI 180160.7757 1354.3637 7.69
SI 21lC34.4263 9984.4269 472
FE 3C'55.4538 1490.7501. 4.96
FE 3i536.R717 754.°2, 2.39

EPI6I(2?-fl) E2t099

AL 79.1658 135.6937 1.72
SI 75218.0002 3587.8986 477
SI 7893.i926 4993.9391 6.33
MN i8R.220C 22.5527 l.L+2
FE 8479.2828 226.3969 2.67

EPI61(29-30) EPLIOO

MG 2630.9521 34.4655 1.31
AL 1790.4831. 88.2708 4.93
AL 1608.7698 48.1022
St 1812t.80F, 527.3445 2.91
ST 17910.9483 549.8661 3!J7
MN 472.q4E 12.1547 2.57
MN 4?8.9297 4.3751 1.)?
FE 1192.3 141.r183 tl.83
FE 1530.8746 2.7903 1.76

EP161(34-3 EPlici

Al 2257.2b2 51.9300 2.3)
SI 34404.792 1348.6399 3.9?
SI 334.975 365.57Mw 1.11
FE 2074.74'° 7fl.164 33m

EP151(eQ-+t FP11

AL 1fl183.177C1 193.4956 1.9)

E°16t(4-y.) EPI1O3

AL 4274.0320 111.124 2.6)
St 136599.980 4717.E99 3.45
SI 158284.7917 7850.9257 4.96
MN 3334.0222 46.3429 1.19
FE tf30.9232 O7.7937 1.92

EP162(30-31) EOIIOL.

Al 2244.926 4.4090 .0?
SI 109419.6436 8.31.58'fl .75
ST 125?q7.69q0 864.5541
SI 125925.3644 8.24.6)69 6.63

170.5272 .76

EP162L35-36) EPI1OS

AL f73.423R 114.377'
AL 6698.33c5 122.5795 1.83
SI 5503C.47E' 3065.2071 5.57
MM 1990.640 33.6419 1.63
FE 1fl575.3530 143.R?48

EPIS2(37-31 EP11C6

AL 22qs.26qs 179.1525
SI 119097.'916 9126.1765 2.86
FE 17566.0157 3200.6245 8.53



AAS Ele lZO

Sample Access. No. rrienl Concentration Error (1 r) % Error

EP162(43-.) EPIIC7

AL 7245.2531. 163.71.?? 2.26
AL 7212.6027 191.8552 2.66
St 157383.4045 it0t.f'623 .70
FE l7!96.5045 415.2775 2.36

EPIS?(45-47) EPIIIq

AL 11.608.6021 10S.1'19 .7?
SI ?773.1.271 8614.8066 3.11
FE 23761,.83lQ 254.2837 1.07

EP1B2(48.-1+q) EPII23

AL 6986.8156 139.0376 jqg
AL 6978.7316 282.6386 4.06
SI 178462.R23 1196.6980 .67
SI 254530.61q1 8934.021.7 3.51.
MN 1.3415.8121 191.Bkbl 1.43
FE 1.7068.6067 !.!561. 2.36

EP1E2(.9_53) EPII21

AL 4Z7.218q f.q4q7 1.6?
SI 0736.6423 171.4646 2.51
FE I+3557.35f 4965.3 1.1.4)

E'1.3(25-76) EPt122

Al 1813.4794
SI 348 13397.3104
FE 4438A.34R 229:.4384 .16

F1t23
AL 845 333Q7c 3.-'
AL 27130.2168 1354.21.6°
SI 351779.tr5CE 111i.2?1' .t5

25534.62r'i 49t51697 1.).

FF1124

AL 1181.5.6299 13.866q 1.1.3

SI 87727.2'6!1 .77?6 2.21
FE jLe'1C..047C 302.3fl8? 2.03

AL 2'327.499 1C2.73J
SI 43i.202.37°5 15609.5261 3.62
FE 728.6830 12.f8'1 1.74

EPI 1. 26

AL 74166.j685 2283.9792 3.8
SI '5075.1'.11 5A96.3)6' 2.27
MN 9276.1.961 237.1.736 2.56
FE 610.7361. 633.3t4

EP163(71-7?) FP1127

AL 10100.6037 675.737
Sr 66838.045° 3j94.56 4.73
MN 2qq8.1.539 3'.Cl.?6 1.1.!.

FE 17578.03151 221.6'? 1.26

E°153(77-7l) EPII23

AL 67.3! j10.72q 1.75
SI 40142.318 95.137 2.23
MN ll1.401l 1.3.9830 1.25
FE u161.0069 154.2600 1.89
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AAS Ele-
Sample Access. No. ment Concentration Error (1 ) % Error

Eo7j(3q-.j1

AL Y.2.3E+ 33q.q65 5.11
ST 2657D.1244 1iOA3.C3.2
CA i+5253.2'QO EOCO.1437 4.11
lM 77.611 23.233:

157lF.F,3? 283.L+.3c

P1,72

AL 235 29.C16L. q3
SI 1C6fl.3E' 1O56t.5'
FE i'+1.7f,12

AL. 2Jt.°S
SI c.36.2'7
MM l:AM.7 33.1l



APPENDIX V. Salt-Free and Carbonate-Free Analytical Concentration of
Elements Analyzed by Atomic Absorption (AAS), Error (1 )

and Percent Error.

AAS Ele-
Sample Access. No. ment Concentration

EP '2(2.-25) [0 )54

MG
AL
AL 367?6.753
AL 32521.162q
AL 5.:7.9511
SI 32523.21+5
IN k7.+u5
MN 53.5661
MN 53P3.6j8R
FE 272)9.5668
FE 2853k.542q
FE 26iJ4.256L

EP.2 ( 30-31)

P.2 ( P-S8)

[P +2(++-.3)

[P +Z(+6-.+P)

[P6 3(1t-1)

EP 9G1

MG
AL
AL
SI
M N
MN
FE
Fi-

i-p 3

AL
AL
SI
I N

FE

rP

MG
AL
AL
SI
MN
MN
FE
FE

EP ')2
MG
AL
AL
SI
MN
FE
FE

LP 463

F.P '3.

p

AL
AL
AL
SI
MN
FE

AL
SI
FIN
FE

2983.5j 7
2i9') .7 36g
37353

389153 q 7 ?
3561. 86N6
3 73

15 3 b 22 9

27.52+9
273) 7.60 '3

36468 F59.
7 7)

13272 341 +
1277 .9.52

N 67 3 , 7
5775.j7+Y9
5 - S . 6 ;4 7

N S '150
27252.654

96.6u 2
8 16.j 3
7628.36A4

.:2331.97B
21 N? N 43 . 1
21 . + 1112

27.: 56.99-+1
278 .56 78
26137 £6 5

52+1'; .2158
5'.61 .57L325.24

.268i .11 c+
i 1267.1+47

5155.317u
2. 1qg 1786

122

Error (la) %Error

3.578 2.16
3C9.N7. .67
669.337.: 1.42

1102.'.67. 3.3)
5192.1736 11.52

1t+t47.2u9
82.7357 1.7.5
7.8815 1.+8
42.57) .73

987.7373 .3.53
271.33782 .95

35Z.03 1.1.3
523.°447 2.+i.

11?+.5.+ 2.17
3.-+3
1. 4

i7
1.1.1

232.SL+33 1.17

13.253'

1.1.3

2. i.
361.1,77 2.72
31.2.8832

17591.6133 5I)
N3.573. 1. 7

79.&i.47
351.8671

1.63
192.4349 2.23
1.31.2979 1.72

1.27+.67i55 +. ,.

111.1433 2.27
2.673.732

15.2342 ...
22.2+37 .. N
Z1.47T 3

13127.é414
58.9651. 1. . 3

11393.7155
.47

1.2+
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AAS Ele-

Sample Access. No. ment Concentration Error (1cr) % Error

EP6)(2+-25) [P 36
AL 23I9S.7&9 122U.O97 5.26
SI 2O7333.t59 11321.3C)5
CA 3O52.671B 5L85933 1.3
CA 33G..2969 339.873 12.o7
MN .373.i21 7.362
FE 23L,79.661 871.C95 3.71

[P 37

AL 19767.8469 113t.61512
AL 18876.6828 1113.72L43
SI 2011 .8038 78O.573f 3.i'
SI 18658?.u56I 82k7.i479
CA 1.95354.3281 17334.3551 3.5j
CA 43311.1.51.68 1388ô.729 3.21
MN 2717.4271 49.l.572 1.82
MN 273C.546L 63.31.87 2.32
FE j35jq736 583.4777
FE 21162.0817

EP69(38-3) EP 483

AL 132..q2
SI 3.167.1.: 7. EiL
MN 37.67*J 2.bi.L.
FE 2.46N 24L.8)3?

FP6flE+5-46) EP n
AL 7331.1. t2).? 1.76
SI 386211.542
FE 1i2.5 1.48 1..

E p JOt

MG j.33+i
AL 57.1.M73. 187.157
AL 66.8411 1L7.9+ .17
AL 85.2Z
SI 55hqj103 ?253L.7'6
SI 31117i.8Q,3 :272.q
CA L+?73.'417 7

CA 2S363.3
CA 25)25.31E V

MN 34q
MN 7!.6r t4.18
IN q71.4C7 111.8t
FE 31/3?.76M 4.857
FE 41J7.4Ult

[P P()-1) [P )-3

MG 11117.6174 2E'4.36j+
AL 28733.3117 .36.74&1
AL 21.455 5.C821
SI 53L57.227 :3727.3.2 3 3. 7
MN 522t..l1.'S e$.612j
'IN 5tTh.51? 5S.C552
F[ 275qr2 734.C8'

EP7.t1+-1')
AL 27254..773 1335.46'.
SI 7195.5t :367.772
SI j765.lQq. 777.C72
CA 21lb5. 3672 17184. 2L2
FE 237.'+i)4 613.792

EP 7(15-L7) -P qg
MG q81q.5j3 251.37J
AL 31166.2U
AL 27N6i.c2 1.317
SI 2q.214 :Iu'+1.733L
MN 423i.464 8. 37q
MN 4?34.65L' 8..5757 1. fl
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AAS Ele-

Sample Access. No. ment Concentration Error (1 ) % Error

MG 1364.'+55 2B2.3E
AL 21G7'5.27.8 1.7
AL 1t9S.'i237 t29.4q2
SI 2_2'.7k.E512 b96.i23. 3...
SI j.qj.j: .I.33
MN '.i45.861 4i.67'
IN 3qc
FE 2qt62.75 1U.'.2 3.77
Fr_ 21q5.A'i 1A.'.73.

MG 7'.7.3tI 7-+
AL 2i:.7'+7 L.i'U 3.7'
AL 21..'+36 17.1G.
SI t37L..5Y42 bb5.7-
MN .6'.E.477 9.515i
MN '.i34.5.i 57.7
F': .52.1613 t5C'.977

P7(3_3j) EP

25253.'.'72 i51.lq7
SI iL.252.12tU 1lt.7I.3u72
MN 478.3": E.Y663 j.5e
FE S3 3.S.336-

-P iqj

MG 5.ki. 2'L.....7
AL 267f2.3U5j 17i.3u7, .67

1q1.23.c2..3 11.91b'
SI 35.I4.771S 233 .5Q1. 3...
'IN 1.3?.5.
MN i.'LL.Vf bj.5421
F. 3233. 792 6. 1.. 4

EP 7:(b-7,

MG 3'6. .5:.
AL 15L..5q2. .. 3'.

AL ,g5G3.717q 13.°1UT .L!
SI 751..3'.') :k?.7jY 1.44
SI ':126M.73i
MN 16'.7.T1.2 173?.1:. )

Ml 22.2'U
FE 71NM..: 7 7.cn-L '+. H
FE 22.736 .7)
FE 56'1.B216 ?12G.5b 3.TG

EP7.(8-4t EPj.
AL 153Y.1563 5.1bJ .G
MG 12.5 21..3t77 1.71
Al 37i
SI 26L.1.84.9'.57 11.23'.
MN 3.1'.3i2I
MN 36o.977 3.Z3- 1.1.7
FE 2k2.356

EP 71(t3-1+)

MG 1173.L.76 iL..M?i. 1.6+
AL 976.5.M9 '.3.:.7c .. 4,
AL t1912.72: i3G.1GN
SI 2IL.2J6. 72E +75. Et7 .

MN 11.37..?6 2?.173G 2.27
MN jq7.1Mq 21...24? 1.6
FE 7J9.1lJl 1.4+17
FE 75.5s1 7Z.2'.4 4,



125

AAS Ele-
Sample Acces8. No. ment Concentration Error (1 ) % Error

AL 938.623 83.59 8. 3
SI 1292$.'&75 363.3Qu3
'IN 1531.5V.3 q.9E;5.
FE 25fl7.5k7) .9.9387

EO7 6-27 EP122
AL 6k1.77iC 1CGi.6i3 i.t.3
AL '3k.89
SI 99i.Lj.L.25 3.7
MN 23.79I2 1.C163
FE ia)43.2769 127.545 1.27
FE 96'.5.7l3 1196.C7:

EP7L(31-331 EPi.023

AL 35li.i969 27t.9J12
SI 1O1t23.172a 212.q7 .21
FE 26i..7467 1...3.32

EP 7iN-t EP132,
MG 6339.697? j7qL.j34 2.35
AL 2ti66.iE4. 2. 33
AL 2157.i96 7.)..
AL 6629.53f,
AL ic32..3b
SI ?6F22'3.t)37
MN 327.3u'.2 .33
MN 33u3.q35L 2. +753
'I1 3.2E.O&6'
FE 178.lji7 1B7.663,.
FE -

FE i.<338.412ô
FE i#.:4.9266

F° 7(3-. rp1u;
MG 1U57.671 173.3i3.
AL 2J2A.3796 i.fl
AL 1BY'8.31 .6L'47
SI 1715.227 .527.73&.5
MN .7.7iA8 1..'32 .3+
'IN '.563.39 1L'.2t21
FE j53ll.1A :21.'317 7.

E° 72C)-1) EPi

MG 56.1+ 16.S33Y
AL 3.7835 33.3772 6.ói.
SI 2756c,q.'+8.5 21L.153.
MN 13q?.1q Z5.C.7+. 1.73
MN 13.M511
FE i5.5229 3.-.

EP i(i4-j) EPI;27
IG 133b.'.,?6 295.C6,
MG 15135.5iM1 363.2 2.4
AL 1Th76.1179 727.C.2,
AL q.3.63+1
AL 7.229 121ü. 022j 13.J
SI 252j70.7231 19.26? .3.
MN 3.l5.516 5.M9i2
MN 3459.55. 37.71 1. 3

MI 3j.54tj i.1
FE 73E.7772 213.389E
FE 7t.7.9134 29...R53
FE ttJU.351)3 13E.'35b



1Z6
AAS Ele-

Sample Access. No. ment Concentration Error (1 r) % Error
CP72(:7-25

MG 55229.3711 469.497 .

AL 13222.416R 967.8L9 7.3
AL 1335.351 25.RL
SI 150782.3789 8368.4+ 5.5i
MN 3832.1183 12h.843t
MN 39.292
FE 32237.8 1579.5327
FE 11923.8443 153.6175

EP 72(36-37)

MG 2i.712 92'+.446
AL t994.562
AL 163.7341 l26. 1i5 . 14
AL 551.1:37
SI 2273. 6.75 357'..E753 1. 7
SI 21C372.273j 617.5i
MN i7'50.3217 30.1Ji5 1.7:
MN 17q5.:778 ?1.373. 1.19
FE 1'735.565 1tl.7L+
FE 15753.8577 2b+.7'+33
FE 16362.5457 141.174

EP72(37-33)

AL 11_u9.h66 54.8J92 3.3.2
SI 339t49477,5 899E'.f115 2.5
tIN 3126.5754 3.i.31

21237.?3u1 F,67.5937 .23

EP 72(3F-+.) EP1Z1

MG 27321.6347 815.924L+ 2.H
AL 17681.2629 3+.+ 2.-H
AL 1756q.741 '74.2Jl551t.5.u1
MN P,.92.C842 3).551 .-.1
MN 6361.1811 17:.5+77 2. +

FE 41443.7244 1553.28+. 3.7
FE 43313.6u99 56.7692

EP l3J-1) FP....3.2

MG 1l251.14.. 1M9.Ci.9? 1.58
AL Si..48 258.C13
AL 171,j.3.685. 9.49+1 5.51
AL 1796).61t6 9.0967
SI 235344.5561 16521.1873 7.22
MN i.365 35.4i..7- 1..2.
MN :sq,.ssqo .2.6104 1.31
'IN 27.965..
MN 2314.4431 31.0135 1.34
FE 12f19.5535 137.553. 1.JJ
FE 14942.6739 .39.1938

ED 73(+-5) E°1)33

MG 63g8.6j2 149.4951 1.78
AL 12637.7561 161.7533
AL 1257.6375 44.46%6
SI 422.6276 5581.96i5 2.2-1
SI 249452.191- 1322 .9651
MM 1177.5632 1.6385
MN 112J.323 19.84- 1.7!

9435.9775 L.9?.8245
FE 11229.61.3 326.7475

D 73(3-9) EPi(3.

MG 9193.1311 14i.575.
AL 9.66.1857 2C1.7111 '2.22
SI 273817.9678 8871.7222 3.24
MM F53.S7' 12i.171
MM 5959.0966 55.68b .93
FE 1794.Q 344 423. 1955
FE 17U3.9156 277.5127 1.55
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AAS Ele-

Sample Access. No. ment Concentration Error (1) % Error

EP 73(t'.-i.5) EP1035

MG 11512.9751 233.7134 2.i3
AL 16271.8534 1244.7%6 7.65
AL 17330.6615 53.9636 3.11
SI 162687.1219 2375.232 1.46
MN '.829.3623 35.7373 .7.
MN '.777.2881 0
FE 12148.5870 238.1123 1.ó
FE 13145.202'. 289.1945 2.2i

EP 73(20-22) EP1U36

MG 24375.2123 531.3796 2.18
AL 19219.7922 1773.9868 9.23
AL 18363.786 1581.1215 3.61
SI 156381.4586 6366.9346 4.J2
MN 2925.7448 9i.99J7 3.11
MN 299.8782 46.0595 1..
FE 10117.7840 354.1224 3.5j
FE 13113.7996 224.2460 1.71

EP 73(32-33) EP1037

MG iii97.9215 290.3093
AL 8416.1562 705.2734
AL 8479.5575 1009.9163
SI 225077.66 5739.4836 2.55
MN 1642.8823 3+.6648 2.11.
MN 130L.269'. 21.06'.'. 1.D2
FE 9282.925. 97.47i7

Pj.38

MG 10175.2916 239.1193 2.35
AL 1912.i441 33.713'. 1.75
AL 1834.4'.L5 41-3.1717
SI 258567.516 6179.7535 2.34
MN 4t5L+.678L i87.376 4.53.
FL 2'875.u214 903.0L7
FE 12556.8574 1202.9469

EP73(43-4+) tPl 31

AL 9'.SM.5556 846.4811
SI 138675.4133 78T.4258
NN 11556.4279 2U4.5438
FE 54-,78.56i 1J73.371'-

EP7L-1)

AL 40569.75. 464.17. 2.31
AL 35848.2911 71+5.6845
AL 35177.3884 1755.3517 4.39
AL 4771.2647 357:.739 7.5)
SI 29c.9'.J. 11+041.5212
SI 268146.1561 :2317.7339 4.58
CA 453t.87+L 4312.653:
MN 4851.2552 111.3192 1.1.3
MN 979.84P0 84.2313 .36
MN 9129.1557 292.9175 3.23.
FE 44.19.95.,4 774.6837 1.76
FE '+7340.5447 1164.9552 2.43
FE 47643.4326 2.9861 .36
FE 4561.73t6 71.965 1.55

EP74(7-8) EPII3I+1

AL 33'.27.aâl4 1213.(+o34 3.63
SI 273824.0679 13914.2039
MN 20453.2336 167.6258 .3)
FE 52295.4257 941.3177 1.8.3
FE 55197.25-34 1291.6157 2.34
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Sample Access. No. ment Concentration Error (1 ) % Error

EP 74(17-24)

MG 20427.q4 5i2.74J4 2.51
AL 27861.1523 48?.572 1.75
AL 2246.832 468.7905 2.7
sr 18159?.634 12039.9232 6.63
MN 11726.4568 615.639. 5.25
FE 45418.4674 1167.33'.. 2.35
FE 45882.4161 747.8834 1.63

EP 7'+(25-2) P1JL+3

MG 2531.6.4685 6i5.919
AL 37341.6651. SO.58. 2.16
AL 33618.1276 1153.1i.8 3.'.3

SI 192743.3022 4221.7i7 2.19
MN 11568.83R 84.4525 .73
FE 56ij46.3u53 1765.4586 3.i.,
FE 51221.3477 1295.QJJI 2.53

EP7(1--3) EPtuL+.

MG 96U15.q365 796.9323 ."
AL 34731.385 2493.7131 7.
AL 3833.3377 333i.7.fl4 8.76
SI 197502.59'.1 12126.6593 6.1.
MN 13365.7559 226.1118 1.o3
MN 12339.1.948 143.9413 1.i
FE 973.63q1 558h8.8R
FE 4734.9332

[P 7'. (.4-sS) EPaC'.5

MG 186'.8.46. 346.8614 1.86
AL 24164.81.47 343.1. 1.42
AL 2019'..8747 2118.44'4
SI 102770.3545 51.3k4
MN 51998.5638 13L.'+634 2.55
MN 5484.71L+5 652. .5
FE t63778.555J 1621.4)77 .fl
FE 1771)2. 7162 9765. 255 5.48

EP7(1-2) EP1346

AL 467?..q35 3.'.3

AL 54188.9734 3j3k.5825 5.6i
St 153913.9793 35367.8669 22.94
SI 154576..371. 9614.6295 6.22
CA 63025.2441 683.C5)9 11.38
MN 40.08.2301 5d9.96O 1..6
MN 41187.2139 1375.6529 3.34
MN 4349t.C72 4u8.8155
MN 46355.1922 282.Tbo? .61
FE 167271.647u 53.326j
FE 176277.9J3 11.98.4455 .38
FE 188783.2145 61C..3162 3.18

LP1t+7

AL 23659.1653 1j12.6123 4.28
AL 25974.2386 1471.1419
SI iU359.t612 4153.9655 k.L
SI 92882.9767 4449.0946 479
MN 26276.5755 441.4465 1.68
MN 28228.311 547.6292 1.)'.

FE 150993.5759 2491.39'. 1.65
FE 153303.8323 1885.6371 1.23

[P75(21-22) t:P1o43

AL 6162.2)19 t159.667 17.47
SI 27007.5178 5366.6113 18.76
MN 6032.8626 82.0469 1.36



AAS Ele-
Sample Access. No. ment Concentration Error (1 Q') % Error

EPTS(24-25) EP1O4J

AL 85'+Z.892 146.9613 17.16
AL 8399.2616 98u.1938 jl.57
SI 32891.268u 2443.8212 7.3
MN 93.77"8 7.510)) 1
MN 6)35.4527 U
FE 6187C.7634 2326.3.06 3.76
FE 6C550.7556 1483.4935 2.

EP 75(29-3) [P135.

MG 2O21k.294 147.5644 .75
AL 7782.6419 742.464 9.54
AL 7971.7423 .7972
SI 29033.1831. 1896.8082 6.54
MN 18982.3728 715.6355 3.77
MN 170q5.q25c 288.921j. 1.69
FE 1Q943453q3 13C2.271 1.19
FE 62631.0739 3569.971.2 5.73

E75(3t-32) LP15t

AL 4601.4635 717.3682 15.59
AL 4633.0778 1Jt.96J6 21. )5
SI 19848.3479 356.7419 17.98
MN 16259.U22 1678.926
FE 223396.8354 362.876: 1.38

[P 77(3-1) FP1352

MG 10G11.789 ZCI.2364
AL 13219.3017 222.084. 1.58
AL 16277.54.39 887.1261
AL 15427.4026 732.8.16 4.7$
SI 259959.5066 6tQ9.048 2.35
SI 224500.0517 3832.1578 15.37
SI 2142)7.7828 3792.2946 1.73
MN 5702.7345 39.9191 .7)

5u16.9533 91.81?
MN 5175.349 176.9957
FE 13313.6164 412.7221
FE 10748.3126
FE 1070.C618 -

[P77(3-4) FPIOS3

AL 14756.9843 534.228 3.62
SI 197926.279.) 3127.235 1.5.1
MN 6335.40°9 152.6)34

EP77(7-8) EPIU5+

AL 551.710 827.2877 13.L
SI 250372.1516 9388.9557 3.76
MN 1755.q223 22.1246 1.2

EP77(15-j.6) [P1355

AL &gq&.iqqz 777.2777 11.11
SI 217472.273 3109.8936 1.43
MN 2739.7521 52.3293 1.91

EP7?(23-24 EP1356

AL 8945.2975 2313.2539
SI 174241.3349 5002.1613 2.47
MN 5168.6577 63.5745 1.23

EP77(2&-27) EP157
AL 18.95.4263 4889.3841 27.32
SI 190598.2478 781.4.5282 4.1
MN 3546.625 5.3618 1..2



AAS Ele- 130

Sample Access. No. ment Concentration Error (10) % Error

EP77(33-3 [P1.353

MG iC99.74i9 127.4926
AL 3273.3327 765.6'.5 23.39
SI 321634.3479 5885.9036 1.33
MN 693.4371 23.1296 3.35
MN 476.9771 6.9162 1.*5
FE 9371.5398 1637.2128 17.+7

E77 (7:33) EP1153

AL 1B6u.98j7 89M.1+?71+
SI 217363.7623 239.963. 1.13

32625.4593 3.262 .31

EP73 (12-1 fl EPIIEJ

AL 23422.4270 i592.725ü 6.3)
SI 146686.0431 2.8.3835 2.1.
MN 8303.o937 625.6177 7.32

EP74 ( 15-1) EPIU6I

AL 22834.653 14'8B.5 67
SI 191372.7348 2564.3942
MN 34.4187 88.795. 1.33

EP73(i8-1) CP1.302

AL 16535.9299 1.2332 .35
31 153336.2571 1671.3552 1. i
MN 6791.3471 41+2.7532 6.52
MN 7778.116 2.e7 3.3'+
FE 1+7623.8269 1533.4372 3.22

EP78(25-2,l EP1363

AL 33131...344 2942.65i9
SI 172591.2876 22&.9459 1.31
MN 471.5532 .4372

(P1364

AL 12721.7939 129h.3518 .10.19
AL 13224.7675 845.3626 6.33
SI 174759.lsqG 2411.6763 1.33
FE 28998.17h 28C7.C232 9.63

EP73(34-35) EP13b5

AL 1'.8..051 1233.21'4 8.',
SI 217213.3479 1688..1331 1.77
CA 368342..156 2o2.629.
MN 7315.4389 384.1635 5.25
FE 42353.3155 i439.776 3.36

EP 79(3-1) EPIJ66

MG. 11381.7232 2.1+.8375
Al. 22541.4469 317.8344 i.4t
AL 23758.1827 92t3.6027 3.37
AL 2C116.387 979.6642 4.37
SI 246759.5073 5q45.9341 2.41
SI 258557.9512 28234.5282 10.9?
CA 357238.3125 7519.3158 2.tj
CA 22368.2343 5292.B38q 11.95
CA 334542.6250 19997.339k
MN 12394.5833 327.2171 2.64
MN 11732.4540 206.4912 1.76
MN 12468.0548 182.0336 1.6
MN 12371.3734 229.1194 1.78
FE 23794.0793 592.4726 2.43
FE 22686.121k 512.7,63 2.26
FE 24532.3466 524.2868 3.36



AAS Ele- 131

Sample Access. No. ment Concentration Error (1) % Error

EP73(5-6) EP..67

AL 929.3?.0 319.5S37 3.44
SI 36295.1214 4645.773.
FE 12.28.b3JZ 3.24+5 2.1i.

EP79(9-iu) EP.06

AL 7466.5934 28b.71?2 3.3.
SI 256284.7002 40&3.0381 5.96
FE 28943.0592 88.7633 3.3

EP79(.5-16) EP1069

AL 6368.0604 244.5335 3.&.
SI 235157.4028 823.0509 .35
MN 1702.0229 32.5086 1.91
FE 12893.8813 268.1927 2.Q

EP7(22-23 EP1071

AL 8468.6368 37.Eu75 4.4-4
SI 13459.9845 2476.5477
FE 70.19.4677 2894.241 4.11

EP8. L-1) EPL72
AL 1282u.44.?4 875.635?
SI 234.845 E'i. 3.5 3.
MN 1.9981 1.-H
FE 7411.1136 19t.9'47

EP8j(b-7) [P1373

AL 9568.8752 2... 2734
AL 8551.6754 274.588 3.21
SI 253334.2375 194.672.
SI 262799.2451 735.8379
FE 74)4.945 5.3.536. 6.8..
FE 7558.8695 273.6311 3.62

EPB.C13-1'.) EP107+

AL L.224.313 157.5669 3.73
SI 374579.7639 31939.2799 8.53
FE 4422.-3tJ67 2b'-.3439 6..1

EP8(16-1lI EP1u75

AL 17267.2724 447.2224 2.5
AL 10454.3306 240.4436 2.3
SI 262132.1499 1u275.533.3 3.3'
SI 260716.6736 8939.5'58
SI 232366.3721 611..2356 2.63
FE 108626.2251 7017.2541 6.46
FE 20832.9984 637.488 3.6

EPB3(21-221 EP1076

AL 6596.8333 553.9527 8.41.
SI 111639.7795 1283.8575 1.15
MM 31526.0792 176.5460 .56
FE q9689.9671 2163.2723 2.17



AAS Ele-.
132

Sample Access. No. ment Concentration Error (lO) % Error

EP81(L-1) EP1377

AL 12475.552 535.2i11 4.')
AL 1121.3.1967 66.7917
SI 177.O6.7J78 9ik6.723
SI 178321.81.31 267M.683 7.11
CA 356155.4375 3256.633 v.12
MN 2324.2662 25.5652
MN 21.8493 2u.15 .)
MN 25j.17i1+ .8695
FE 13831.7632 1.32
FE 133f.j.5223 12?.5971 .,
FE 1L.22l..7C+. 3j47'53

EP83 (11.-IS) EPI3/3

AL 4.11.53.1.. 645.7t3- 14.6+
SI 329.8251 1+731.1.26 1.33
MN 7562.1.1.36 179.9Th2

EP82(.-i)

AL 195 .j127 -3q7Q 3.35
AL 12455.53.& 417.26.. 3.35
SI 331.71.95 :7252.695.
SI 319353.3933 ,321.q.51Jh 16.63
SI 15+99.86)16 11332.74:b 7.1
SI 141)06.6931 :77S.7L,27 12.5)
CA 3531.33.7s.87 39773.8591. 11.23
MN 4977.1+116 34.3-+.i. .6)
MN '+762.8279 l93.37
FE 25652.9429 782.4148 3.35
FE 23225.8151 497.7.2 2.1.
FE 24127.3193 361.9153 1.5.

EP8fl5-6) EPIO81

AL 5185.2435 33.926 6.L.2
SI 299553.1+958 77939j
MM 3077.6771 49.21.28 1.63
FE 22199.6153 463.763

EP83(Q-i) EPI)J82

AL 33596.15.+4
AL 30063.211.6 1u7.1177 3.35
AL 30923.2334 612.Z8Jj 1.33
AL 293C3.C1.18 i6C8.737 5.4)
SI 216141.7354 4949.6.57
SI 224955.6921 938t1.6521. 4.17
SI 175281.0912 12632.71.15 7.1.)
SI 1709C7.271 14663.81.39 8.5'3
CA 230474.8416 6509.8855 2.9!
MN 1.2617.3993 194.3379 1.5.
MN 1291.2.4523 196.7253 1.52
MN 12936.0846 189.7194
FE 52283.7666 1829.9318 3.53
FE 5687.9418 504.7915
FE 59714.2458 775.285 1.3

EP83889) EP1383

AL 5544.1363 185.171+2 3.34
SI 264319.4331. 5524.2762 2.3-4
FE 39452.7335 1183.582; 3.33

EPIS9(0-1) EP1384

AL 86657.8385 4272.233.1. 4.93
AL 86365.2273 5259.6423 6.03
SI 221274.2372 11019.4573 4.93
SI 242997.3777 15843.4!9 6.5?
SI 269942.2601 18194.1083 6.74
SI 254944.7519 1.8763.9337 7.36
CA 10471.9790 388.8856 3.71
CA 10603.5264 512.4332 4.93
MN 19748.8216 578.6405 2.93
MN 21022.9436 636.9952 3.33
FE 52222.9183 15.6669 .33
FE 53274.4408 31.9647
FE 52484.2171 2445.7645 4.66
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AAS Ele-

Sample Access. No. ment Concentration Error (1O) % Error
EPt39(6-? EP1U85

AL 82639.92j7 3Q'+t.1iJ. 3.6i
SI 255191.5885 239Z.57t .82
MN 12787.'+83C '+59.f76 3.53
FE 56u75.3321 353.27'.6 .63

EP1S9 C i3-i)

AL 78592.0225 352.9226
SI 21.8059.9596 3206.4814 1.47
SI 238900.1781 14184.3221 6.73
MN 9201.0930 98.4517 1.37
FE 63904.8873 1035.2592 1.62

EPl59(i5-1) EP1087

AL 42fl8.i609 2186.6527 5.12
SI 185712.9137 6722.8075 3.62
FE 58571.2293 8358.1144 14.27

EP159(17-i.3) EP1J88

AL 472 .4225 3535.67g. 7.4
SI 184902.4376 13335.6219 7.
MN 10741.LF)98 287.867 2.68
FE .169.763 t1°l.794F'

AL 21325.1424 3&,Y.2146
SI 18263.0373 2252.6758
FE 85943.666q i297.7.41

EPi.93

AL 114q7.q587 357.583L+ 3.11
SI 118911.588'] 2425.7364
lN 36184.9829 269.47'39 .

FE 124387.08M7 845.8322 .58

8 E°lbJL.-1) EPIO9I.

AL 88636.5j.8 461.2214 .52
AL 89323.4186 '+26.7271 4.77
SI 295986.3619 11602.6654 3.32
SI 261834.58)1 13039.3621. 4.93
CA 20952.0054 3818.3136 18.22
CA 1991.6.1919 t99.3159
MN 10322.8438 1:5.6159 1.12
MN 10)33.8341 291.9846 2.91.
FE 63374.8851 2382.8957 3.76

EP1bOCIS-t5) EP1.092

AL 85289.8357 3675.991.9 4.31
SI 240i5.8231 516.Zk32 2.15
MN 1.0470.8654 11.99l2 1.36
FE 66222.0978 761.5541 1.15

EPI6iJ(21-22) 6P1093

AL 27366.8350 '+35.1322
SI 21Q411.2277 5573.0.52 2.5+
MN 4895.7675 106.7277 2.18
FE 8526.7356 214.8737 2.52

EPlou(26-27) EP1194

AL 2231.1.3712 1131.1865
SI 138054.3479 2236.4804 1.62
MN 2952.1553 33.6546 1.14
FE '+9051.9399 976.1336 1.93
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AAS Ele-

Sample Access. No. ment Concentration Error (1 ) % Error

EPIDO(24-33) Pjj95

MG 36818.1.83 544.q8
AL 22715.768 71.98L9 3.13
AL 22665.1136 L.2.8687
AL 18489.4842 95.3595
SI 14993..43.6 2398.8359
MN 2963.66)7 34.67.8 1.1.7
FE 34171.3483 .C534
FE 3337.7792 2219.t51 6.65
FE 32804.7940 S9.7421. 2.13

EPi(3.-35) EPIC9T

AL 20613.2734 542.1231 2.63
SI 322918.7133 5973.9962 1.85
FE 23374. 6522 399. 924k 3.35

EP11j9

AL 36887.29?6 14.7649 .34
AL 49328.6931 3216.2326
SI 227454.8641 1546.6931
SI 238856.:7u4 9434.815. 3.33
SI 2196q4.1841 16894.4323 7.,9
SI 257952.2819 12175.3477 4.7!
FE 3665.6LJ 181.7.8717 4.95
FE 38516.133 92_.53!8 2.33

EP1ó1(22-23) EPI393

AL 22674.6533 3L.004U 1.72
SI 216187.8851 10312.1.621 4.77
SI 22675i.943 14353.3347 6.33
MN 4564.789 64.6199 1.42
Fi 24370.7336 65,.6937 2.b7

EP16i. (29-3.) EPIIL

MG 2078u.4649 272.2241 1.31
AL tklk2.556 597.2U33 4.95
AL 12706.8l3 379.9334 2.93
SI 143134.3089 k1e.234 2.91
SI 141468.8767 4343.1945 3.37
MN 3735.559 96.0337 2.57
tIN 3387.8836 34.5564 1.32
FE 9415.2739 1113.8269 11.83
FE 12391.54+92 211.6321 1.75

EP16I( 3+-35) EP11.U1

AL 12833.3297 295.1666 2.3
SI l9S55.6u16 7665.5836 3.92
SI 187200.3269 2377.9236 1.11
FE 11792.7238 398.5941 3.38

EP1.bi. (4-.1) EPi1L 2

AL 12998.8643 246.9784 1.93

EPIS1(43-44) EP1I.13

- AL 8397.0332 210.523 2.63
SI 258784.9886 8928.0821 3.L5
SI 299866.2636 14873.3667 4.95
MN 6316.2149 87.7954 1.33
FE 30370.1511 583.1369 1.92

EP162(33-31) EPI.104

AL 37221.8039 71441 .02
SI 18k749.812 1404.0986 .76
SI 211559.15.8 1459.7581 .69
SI 212618.9336 14224.2367 6.69
FE 37885.1358 287.927. .76
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Sample Access. No. ment Concentration Error (1O) % Error

EP1o2(353) Pl1JJ5

AL 231.19.6373 1.7.5J17 1.7.
AL 23864.667 436.7235 1.83
SI 1966i.8775 1C92.6'.66 5.57
MN 7J92.2153 119.858'+
FE 37677.&11 512.1+156 1.36

EP1t2 (37-38) EPt6
AL 23813.'.6'.9 185.745 .78
SI 33Q83q.354 9462.054 2.86
FE 389'+8.38'.6 3318.4t24 6.52

EPI62(l+3-+l+) [PilL?

AL 12683.18'.9 286.64 2.26
AL 12626.0281 335.6523 2.66
SI !75502.470 1928.5163
FE 306&3.5767 726.964'. 2.36

EP162 (kb-7) P11t3

AL 19131..b77 137.7653 .72
SI 362'U3.791 1128.589
FE 31126.7221. 333.0559 1..?

EP162(48-'1)) EPli.2

AL 8559.7863 17..3fl7
AL 8549.8624 34'.272
SI 2186L..3567 11.64.89.,'. .67
SI 311834.lSd4 1945.3787 3.l
MN 16436.169'. 235.C372 1.1.3
FE 58767.9776 12'..7435 2.J5

EP162(49-5) EP1I21

AL 1336k.i0'3 2U3.132° 1.52
SI 9763L.1356 2'.5.51F'4 2.51
FE 138.357.6295 15772.7633

EP1b325-:h) [P112?

AL 711.34.5297 i26.721.. 2.Sti
SI 25032L.I)893 3E'17.2648
FE 41.766.1776 2?1.966 5.o

EP163(35-35) EP1123

AL 3711.8.4974 1344.7937 3.b?
AL 27362.31.'.1 1365.361. 4.9)
SI 35467i.3'.3 ..i.2i7.f,1'+'. 3.
FE 25744.4542 1.94.4424 1.4'.

EP1b3(42-.3) EPi.12'.

AL 11924.7561 j.S'+.8j62 1.13
SI 390447.8929 8628.8984 2.21
FE 1436.34 304.429k. 2.33

EP1b3(49-51.) [P1125

AL. 2637.1.979 iu3.2849 3.64
SI 433493.7640 15692.4743 3.o2
FE 7319.2686 127.3553 1.71.

EP163(63-6) [P1126

AL 74843.5354 23u5.189 3.i8
SI 262164.3751 5951.1313 2.27
MN 9362.3051 239.675 2.56
FE 53713.761.1 639.1938 1.1-i
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EP1b37j-7) LPLL27

AL 25.99 171.Rl.23
SI 168fl3..465 8kE.3iTh
MN 72q9.8i79 8..21? 1.14
FE 27t..657u c573

EP103 ( 77-7 ) I P11j

AL 2633.375 1.75
SI 167106.2iqq 372b.66M7 2.3
MN 465.7297 5.1'36L 1.'
FE 33976.775 £.7.16)5

EP7i(-+.l EPI'.71

AL q51.573 5.126à 5.31
SI 3g562.39L.5
CA i.L.52M3.293 'QC..37'
MN 1t..638 3.553L4
FE 2343.275.. l.2.q7!59

EP.7?

AL 55.566 295.633
SI i151.Q361 93546q
MN 462.61.79 $.97i
FE hi3S.1467 tk53.92. 22..

EP1(1-2) EP1.Mj

AL 9516.655 2427.26..
SI ?3577.'757 522.911.1
MN 1ag22.16L5 32f.5727
FE 6&66l.q37 2567.956. 3.7.




