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1 Project Objectives

John O'Connor and Peter Stoffers

The goal of the HULA project (cruises SO 141 and SO 142; Fig. 1.1) was to use the

opportunity of a FS SONNE transit from the western to the eastern Pacific for an

interdisciplinary study of two important problems concerning hotspot volcanism. The

first part of the study was to dredge two adjacent seamounts situated at the Hawaiian-

Emperor bend and a series of other Hawaiian Ridge seamounts extending further SE

during cruise SO 141 (Fig. 1.2). Previous drilling of these seamounts collected alkaline

rocks from their summits. Those samples provide the key data constraining the

assumed -43 Ma age of the change in absolute motion of the Pacific Plate (e.g., Clague

and Dalrymple, 1989). The problems with this age estimate are two-fold:

(1) If this age is actually the age of the change in plate motion, then there is no

change in Pacific Plate motion associated with the major Pacific-Farallon change

in plate motion at -48-50 Ma. At that time there were also significant changes in

spreading direction along the Mid-Atlantic Ridge (MAR) and the Southwest

Indian Ridge (SWIR), suggesting that the -49 Ma change in relative plate

motions was a nearly synchronous global event.

(2) There are no apparent changes in Pacific-Farallon Plate motion at the presumed

-43 Ma age of the Hawaiian-Emperor bend. This would imply that even a large

change in the absolute motion of the Pacific Plate had no effect on the relative

motion between the Pacific Plate and the adjacent Farallon Plate.

Recent studies have revealed that volcanism at intraplate seamounts can persist for

at least -6 Ma (e.g., Kauai- Clague and Dalrymple, 1989), that there are 5-10 Ma

differences in the apparent ages of adjacent seamounts along parts of the Hawaiian

chain (e.g., Fig. 1 of Clague and Dalrymple, 1989), and that there is a well-documented

-4-7 Ma interval of volcanism at Vlinders Seamount (Koppers et al., 1998). Thus, it is

now known that late-stage hotspot volcanism often persists for 5-10 Ma after the initial

passage of a plate over a hotspot. The paradox of the apparent -43 Ma age of the

Hawaiian-Emperor bend would be resolved if the actual "age" of the Hawaiian-

Emperor bend was -49 Ma, but geoscientists have been misled by the dating of late-



Fig, 1.1: Hawaiian-Emperor Ridge and Musicians Seamounts, NE Pacific
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stage alkaline rocks erupted at -43 Ma (long after these seamounts were created by the

passage of the Pacific Plate over the Hawaiian hotspot).

At Daikakuji Seamount, HYDROSWEEP bathymétrie surveys completed during a

previous FS SONNE transit (SO 112) located a large landslide that was considered

likely to expose the older core of the seamount. Our prime objective was to dredge this

outcrop and undertake precise 40Ar/39Ar dating of recovered lavas. If the core of

Daikakuji Seamount proved to be -49 Ma in age, this would date the timing of the

Hawaiian-Emperor bend and resolve the above paradoxes. The migration rate of

volcanism along the Hawaiian Chain is well constrained by measured rock ages for the

last -15 Ma (e.g., Fig. 1 of Clague and Dalrymple, 1989). However, because of a major

gap in sample recovery and age control, it is unclear what the migration rate was

between -15 Ma and the formation of the Hawaiian-Emperor bend (-43-49 Ma).

Therefore, it is possible that further significant changes in Pacific Plate motion

occurred sometime during this interval (e.g., Lonsdale, 1988).

Precise 40Ar/39Ar ages determined for lavas from -21 Ma to zero age along the

Foundation Chain (FS SONNE cruise SO 100) show that it is possible to calculate with

high accuracy the rate at which volcanism has migrated along Pacific hotspot chains

(O'Connor et al., 1998; 2001). A combination of fast plate motion and relatively low

plume flux appears to be the optimum for producing a trail of discrete seamounts that

best record plate motion. In the case of the Hawaiian plume, its magma flux is far

greater than that of the Foundation plume. This has resulted in the formation of a trail

consisting mostly of relatively large ridge segments, and in marked contrast to the

isolated seamounts of the Foundation Chain. However, the Hawaiian Chain does

include a -1200 km-long line of isolated seamounts between the Hawaiian-Emperor

bend and Pearl & Hermes Reef. In this respect, this is a unique section of the

Hawaiian-Emperor Chain where relatively few high precision 40Ar/39Ar ages of rock

samples can provide an important new constraint on Pacific Plate motion. A reliable

estimate of the migration rate of volcanism along the Hawaiian Chain older than -15

Ma would provide a second constraint (independent of the direct dating approach) on

the age ofthe Hawaiian-Emperor bend.

Hawaiian-Emperor seamounts have long been known to evolve through an initial

alkalic phase, a dominant shield-building tholeiitic phase, a late-stage alkalic phase,



and often a resurgent (or post-erosional) alkalic phase (Clague and Dalrymple, 1989).

Only the dominant (>95%) tholeiitic phase directly marks the passage of the seamount

over the hot spot. Consequently, a major second objective of the Hawaiian-Emperor

project was to undertake geochemical analyses of the recovered lavas and determine

which were tholeiitic (and thus of great importance for the age dating program) and

which were alkalic. It was anticipated that dredging landslide scarps on the upper to

mid-flanks of the seamounts would bias the sampling in favour of tholeiites from the

upper part of the shield, and provide a window through the capping alkalic lavas that

are mostly from the resurgent and late stages.

Additional sub-projects of the geochemistry program concern medium and long

term variations in composition of the Hawaiian mantle plume. It is now recognised that

some lavas from the oldest Emperor Seamounts (e.g., Meiji, Detroit) have geochemical

and isotopic characteristics that are transitional between the standard composition of

the plume (i.e., Mauna Loa and Kilauea) and mid-ocean ridge basalt (MORB). These

changes may reflect plume-ridge interactions between the Hawaiian plume and a now

subducted paleo-spreading centre in the northern Pacific (e.g., Keller et al., 2000;

Regelous et al., 2001). However, it is also possible that they represent real

compositional variations with time in the composition of the plume itself. We also seek

to discover whether the change from large nearly continuous seamounts along the

southern Emperors and at the Hawaiian-Emperor bend to small widely spaced

seamounts between the Hawaiian-Emperor bend and Pearl & Hermes Reef is

accompanied by any change in plume composition.

The second leg of the cruise (SO 142) involved a geophysical, geochronological,

and geochemical investigation of a new type of hotspot volcanism whose large-scale

impact only became evident with the recent "predicted topography" maps based on

dense satellite altimetric coverage (e.g., Smith and Sandwell, 1997). The Musicians

Seamount Chain is a classic example of this type of feature (Fig. 1.3). Here, the Pacific

Plate was moving NNW (azimuth -320°) between -80-95 Ma when the north-south

striking spreading axis was located less than 1000 km to the east of the Musicians

hotspot. Several long (-500 km) east-west oriented ridges formed between the hotspot

and paleo-spreading axis (Fig. 1.3). Many similar long volcanic(?) features appear to

have been created in a similar style during other ridge-hotspot interactions. For
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example, smaller ridges are evident along the eastern side of the Line Islands, Manihiki

Plateau, and Tuomatu Islands, and even larger isolated ridges of this type may have

been created by the interaction of the Kerguelen and Reunion hotspots and their

adjacent spreading centers (the proposed "second type of hotspot island" of Morgan,

1978). It seems plausible that this type of hotspot-spreading center interaction is

presently producing the oblique volcanic ridges near the Pacific-Antarctic Ridge (i.e.,

the oblique ridges within the Foundation Chain and the oblique Hollister Ridge south

ofthe Eltanin transform system).

The Musicians area is probably the best region in which to study this newly realised

type of hotspot volcanic(?) structure. This is because the area records a relatively rare

example in which the absolute motion of the Pacific Plate (as shown by the -320° trend

of the Musicians Seamounts) was nearly orthogonal to the relative motion of Pacific-

Farallon Plate spreading (as shown by the -80° trend of the fracture zones). Thus, the

hotspot-ridge interaction was immune to overprinting by hotspot-ridge induced

volcanism occurring at a later time. In addition, the Musicians Seamount Chain has

already been dated and shown to have a simple age progression (Pringle, 1993),

perhaps because it is composed of small monogenetic volcanoes. As the Musicians

Seamounts were already sampled and dated, our geochemical and geochronological

study was free to focus on sampling and dating the enigmatic ridges.



2 40Ar/39Ar Geochronology

John O'Connor and Jan Wijbrans

The high precision 40Ar/39Ar analytical data reported here represent the key

information for addressing the objectives of the SO 141 and SO 142 projects. Although

dredging of the Hawaiian Seamounts and the elongate ridges in the Musicians area was

very successful, only a small number of the many rock samples recovered by the

individual dredge hauls could be dated (due to limits on available laboratory time and

financial resources). Therefore, it was critical that we selected and carefully prepared a

wide range of representative samples for irradiation. Evaluating such a large pool of

samples by single fusion analyses ensures the best possible chance of: (1) obtaining

high precision ages, (2) identifying all important volcanic events such that the history

and development of the seamount chains/elongate ridges can be resolved, and (3) allow

for follow-up work on unexpected or interesting results without requiring further

irradiation of additional samples.

2.1 Sample Preparation

The pool of SO 141 and SO 142 samples selected for 40Ar/39Ar dating during

logging of the samples onboard the FS SONNE were cut into clean rock blocks and

then packed while still onboard the ship. The aim of this procedure was to remove the

outer weathered surfaces and as much visible alteration as possible using the rock saw.

Pieces of these selected and partly processed SO 141 and SO 142 rock samples were

then crushed and sieved at the University of Kiel. Sieve fractions were washed with

various acids at the Vrije University, Amsterdam, in order to further remove as much as

possible of the seawater alteration products (which have a very negative impact on

dating analyses).

Whole rock samples (500 to 250 mm size fraction) were treated with 7N HCl prior

to immersing for 1 hour in IN HNO3 in an ultrasonic bath at 50°C, followed by rinsing

in distilled water. Plagioclase (250 to 125 mm size fraction) was separated from

crushed whole rock using a magnetic separator. Separated plagioclase was treated with

7N HCl for 30 minutes, 5-8% HF for 5 minutes, IN HNO3 for 1 hour, and then washed

in distilled H2O. Various iterations of acid washing were performed on most samples



until the best results were obtained. In the end, 79 rock samples (plus 21 mineral

separates) were selected for irradiation. These were hand-picked under a binocular

microscope to minimise any possible alteration products, and then loaded into

aluminium foil packets and stacked in two quartz vials along with mineral standards

(Table 2.1).

2.2 Sample Irradiation

Plagioclase (250 to 125 mm size fraction) and whole rock chips (500 to 250 mm

size fraction) were irradiated with Cd-shielding at the Oregon State University (OSU)

TRIGA reactor facility in the United States. Cd-shielding significantly reduces the

effects of slow neutrons, leading to a major reduction in the 40Ar produced without

affecting the production of 39Ar (McDougall and Harrison, 1988). This in turn reduces

the impact of the (40Ar/39Ar) K correction factor, which is particularly useful in the case

of low potassium samples. The K and Ca correction factors for the Cd-shielded position

at the OSU TRIGA reactor have previously been determined by Wijbrans et al. (1985).

Rock chips or plagioclase separates from each sample were wrapped in aluminum foil

and stacked in 9 mm ID quartz tubes. Sanidine from the Taylor Creek Rhyolite, sample

TCR 85G003 with an accepted age of 28.34 Ma, was used to measure the flux

gradients. TCR was loaded between every five unknowns and also at the top and

bottom of each vial. Between four and six replicate analyses were made for each

monitor position, typically giving uncertainties of 0.1 to 0.3% (sem.). Using a best fit

curve between all of the standards allowed determination of J factors with a similar

precision.

2.3 40Ar/ 39Ar Incremental Heating and Dating

The theory of 40Ar/39Ar geochronology is described in Faure (1986), York (1984),

and McDougall and Harrison (1988). Sample ages are calculated using the standard age

equation. The uncertainty in the age is calculated by partial differentiation of the age

equation (Dalrymple and Lanphere, 1969; Dalrymple et al., 1981), and includes

uncertainties in the determination of the flux monitor J, blank determination, the

regression of the intensities of the individual isotope peaks, the correction factors for

interfering isotopes, and the mass discrimination correction.
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The argon laserprobe facility at the Vrije University, Amsterdam, has previously

been described in considerable detail by Wijbrans et al. (1985). It consists of an 18W

argon ion laser, beam optics, a low volume UHV gas inlet system and a Mass Analyser

Products (MAP) 215-50 noble gas mass spectrometer. The mass spectrometer is fitted

with a modified Nier-type electron bombardment source. During data collection, the

mass spectrometer is controlled using a modified version of the standard MAP software

written in TurboPascal and allowing data collection for all isotopes of argon using a

secondary electron multiplier collector operated at a gain of 60,000. Data reduction

allows the choice between a straight linear regression of peak intensities with respect to

inlet time, asymptotic curve fitting minimizing standard deviation and sum of squared

residuals as criteria for best fit, or an average of peak intensities. The asymptotic

extrapolation was very often the most appropriate as the highest peak intensities often

showed deviations from straight line behavior with time. Mass fractionation was

determined by measuring aliquots ofair argon at regular intervals.

High precision 40Ar/39Ar ages were determined on both plagioclase separates and

whole rock chips via incremental heating with the argon laser probe, using a defocused

CW laser beam (York et al., 1981). We encountered difficulties initially both in heating

the samples with sufficient uniformity and in producing satisfactorily high peak

intensities. Following some experimentation, we solved these problems by using large

(13 mm) custom-made sample pans, which allowed us to load significantly more

sample in even, single grain layers. Heating such thin layers of sample (under manual

control) allowed us to produce predictable analytical results: plagioclase consistently

showed excellent plateaux, whereas the whole rock experiments for the older samples

typically showed elevated ages in the first 20% of gas released, a good plateau, and

anomalously young ages in the final 10-20% when the sample was partly molten and

melting.

2.4 Initial Results

The wide range of SO 141 and SO 142 samples irradiated and available for analysis

allowed us to overcome significant problems associated with seawater alteration of

rock samples (Table 2.1). Many single fusion analyses were conducted in order to

distinguish between samples, prior to final sample selection for the very time

11



consuming incremental heating studies. These single fusion analyses, although

numerous, are not reported here as they have no scientific value other than helping with

final sample selection. Each incremental heating step reported in Table 2.2 required on

average about 40 minutes of laboratory time. Also not reported are the many analyses

of the monitor minerals used to calculate J curves, nor the blanks required before and

after every few incremental heating steps (each requiring the same amount of lab time

as the incremental heating steps).

Our incremental 40Ar/39Ar ages for the very altered SO 141 Hawaiian Seamount

rocks are of very high quality (Table 2.2). They represent a major advance in the age

control of the Hawaiian-Emperor Chain. Initial interpretation of these results suggests

that we can make a significant advance in our understanding of the development of the

Hawaiian-Emperor Chain, the motion of the Pacific Plate since 81 Ma, and the

behaviour of the largest active mantle plume. A manuscript is currently in preparation

reporting these SO 141 results.

The incremental 40Ar/39Ar ages reported here for the very altered SO 142 rock

samples are also of a very high quality (Table 2.2), and range between ~90 Ma and -44

Ma. These results are highly significant, because they do not support the model of a

plume-fed spreading center to the east of the Cretaceous Musicians mantle plume (e.g.,

see previous discussion of cruise objectives). Our data will require a major change to

the current plume models that have been proposed to explain the development of the

Musicians Volcanic Elongate Ridges (VERs) and Pacific VERs in general. A second

manuscript is currently in preparation reporting these important SO 142 results.

12
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85G003

SO 141-5DR-1

SO 141-5DR-3

SO 141-5DR-4

S0 141-5DR-5

SO 141-5DR-9

85G003

SO 141-5DR-10

SO 141-5DR-11

SO 141-5DR-15

SO 141-5DR-15

SO 141-5DR-I9

SO 141-5DR-20

85G003

SO 141-5DR-22

SO 141-5DR-22

SO 141-5DR-26

SO 14I-5DR-26

SO 141-5DR-26

85G003

SO 141-5DR-28

SO 141-6DR-3

SO 141-6DR-4

SO 141-6DR-6

SO I4L6DR-7

85C003

SO I4I-6DR-K

SO 141-6DR-10

SO I41-7DR-I

SO 141-8DR-5

85G003

SO 141-8DR-7

SO I41-9DR-!

SO 141-9DR-L

SO 141-9DR-I3

SO 141-9DR-13

85G003

SO 141-9DR-14

SO 141-9DR-16

SO 141-9DR-16

SO 141-9DR-23

SO I41-9DR-23

SO 141-9DR-24

85G003

SO 141-90R-11

SO 141-11DR-I

Sanldine

Leached WR

Leached WR

Leached WR

Leached WR

Leached WR

Sanidlne

Leached WR

Leached WR

Leached WR

plagioclase

Leached WR

Leached WR

Sanidlne

Leached WR

plagioclase
Leached WR

plagioclase

plagioclase
Sanidlne

Leached WR

Leached WR

Leached WR

Leached WR

Leached WR

Sanidlne

Leached WR

Leached WR

Leached WR

Leached WR

Sanidlne

Leached WR

Leached WR

plagioclase

Leached WR

plagioclase

Sanidlne

Leached WR

Leached WR

plagioclase
Leached WR

plagioclase

Leached WR

Sanidlne

Leached WR

Leached WR

250-500

250-500

250-500

250-500

250-500

250-500

250-500

125-250

125-250

250-500

250-500

250-500

125-250

250-500

125-250

250-500

250-500

250-500

250-500

250-500

250-S00

250-500

250-500

250-500

250-500

250-500

250-500

125-250

250-500

125-250

250-500

250-500

125-250

250-500

125-250

250-500

250-500

250-500

80 1 hi HCl (3 5N) 1 hr HN03 (IN)

80 HCl (ISN) 1 lirHN03(lN) 1 lirHCK N) I li HNO? (

80 HCl (3 3N) 1 to UN03 ( IN) i hr HClfN) 1 ta I1N01 (

80 1 hl HCl (3 SN) IhrHN03(lN)

80 1 lu HCl (3 5N) 1 hl HN03(IN)

80 1hl HCl (3 5N) lhiHN03(lN)

80 lhrHCI(3 5N) lhrHN03(lN)

80 I hl HCl (3 SN) 1 hi HN03 (IN)

24 1 hl HCl (3 5N) 5 mm HF (6 7%) 1 hr HN03 (IN)

80 HCl (3 5N) 1 hr HN03 (IN) I hr HCl (TM), 1 ht HN03 (

80 I hl HCl (3 SN) 1 hi HN03 (IN)

80 HU(ISN) lhrIIN03(lN) lhrIICl("N) lhrIIN03(

42 1 hr HCl (3 5N) 5 mm HF (f> 7%) I hl HN03 (IN)

80 lhiHCl(3 5N) lhiHN03(lN)

20 1 hr HCl (3 5N) 5 mm HF (6-7%) 1 hl HN03 (IN)

15 I hl HCl (3 5N) 5 mm HF (6-7%) 1 lu HN03 (IN)

80

80

80

80

80

I hl HCl (3 SN) Uli HN03(1N)

Ihr HCl (3 SN) lhrHN03(lN)

Ihr HCl (3 SN) lhrHN03(IN)

lhrHCl(3 5N) lhrHN03(IN)

80 Uli HCl (3 SN) lhrHN03(lN)

80 HCl (3 SN), lhrHN03(lN) 1 hrHCI ("N), 1IKHN03 (

80 HCl (3 SN) HirHN03(lN) Ihr HCl fN) 1 I« HN03 (

80 HCl (3 SN) lhrIIN03(!N) Ihr HCl (TN) lhrIIN03(

80 ICI (3 SN) 1 hr IIN03 (IN) 2 x 1 hr HCl (7N), I hr HNO

80 HCK35N) HirHNOl(lN) I hr HCl (7N), I I" HN03 (

80 I hr HCl (3 5N) 5 mmHF (6 7«) 1 hr HN03 (IN)

80 1 ta HCl (3 SN) ihrHN03(IN)

80 I hr HCl (3 SN) S mmHF (6 7%) I hi HN03 (IN)

80 1hl HCI(3 5N) 1hl HN03(1N)

80 lhlHCI(3 5N) I hl HN03(1N)

80 I hr HCl (3 5N) S mm HF (6-7%) 1 hr HN03 (IN)

80 lhiHCI(3 5N) Ihi HN03(1N)

80 1 hr HCl (3 5N) 5 mm HF (6-7%) 1 hi HN03 (IN)

80 HCl(3oN) lhrHN03(lN) lhrHCI("N) lhrHN03(

80 ia (3 5N), 1 hr HN03 (IN) 2 x 1 hr HCl (7N) 1 hr HNO

80 Ihr HCl (3 SN) lhlHN03(lN)

2.5

4.5

6

9

11

12

14,5

16 5

18.5

20,5

22

24

25.5

27

29

31

32,5

33.5

34,5

36,5

38.5

40

42

44

45

46,5

48,5

50.5

52

54

56

58

60

62

64

65 5

67

69

71

73

75

77

78

80

82

weakly weathered

weakly weathered rare .dieted olivine and vesicle buunes

weatheied rare alteied olivine and vesicle binanes

weathered laieallered olivine and vesicle btnanet.

weatheied mie altered olivine and vestcie binaries

weathered

weatheied

weatheied taie vehicle binaries

apprx 71)% clean grams*

weatheied alleered vef.it, le binaries

weatheied iddingsule binaries

weathered iddiiifeMle binaries

clean some rate rock binanes

veiyalleied calcitebmaues*

some alteration cilormg

some alteration coloring

weatheïed taie vesicle binaries.

weathered some iddingsile olivine binaries

weathered some uHdingsitc-olmnebinaries

weathered rare iddmgsile-olivine binaries

weathered, rare iddmgsile-olivine binaries

weakly weatheied laretddmgsite olivine binaries,

weathered many iddmgsite-olivme binaries

veatiiered nanv iddmgsite olivine ondaltisted vesicle binaife

leathered, many iddmgsite olivine and altered vesicle bmanc

weathered some lddmgbirc ohvmc and altered vesicle brnaiic

leathered marrv iddmgsite olivine and alteied vesicle b nai ic

almost 100% clean grams,

weathered some iddmgsite-ol vine and altered vesicle bmarie

almost 100% clean grains

weathered iddmgsite olivine and altered vesicle binaries

weathered rare iddingsiie-olwine binaries

almost 100% clean grams

weathered some alteied vehicle bmaiies

almost 100% clean grame
°

weatheied

weatheied some iddmgsite buunes

atheied, some iddmgsite olivine and rare altered vesicle binai

Table 2.1: Irradiated SO 141 and SO 142 rock samples



Abbott A 46 SO 141-12DR-1 Leached WR 250-500 80

Abbott A 47 SO 141-12DR-3 Leached WR 250-500 80

Abbott A 48 SO 141-12DR-4 Leached WR 250-500 80

A 49 85G003 Sanidlne

Abbott A 50 SO 141-12DR-7 Leached WR 250-500 80

Cotahan A 51 SO 14M3DR-1 Leached WR 250-500 80

Colahan A 52 SOHI-I3DR-2 Leached WR 250-500 80

Cotahan A 53 SO 141-13DR-7 LeachedWR 250-500 80

Colahan A 54 SO 141-15DR-1 Leached WR 250-500 80

A 55 85G003 Sanidlne

De Fenster A 56 SO 141-16DR-1 Leached WR 250-500 80

De Vemter A 57 SO 141-17DR-1 Leached WR 250-500 80

Hancock A 58 SO 141-20DR-1 Leached WR 250-500 80

mend Garnie A 59 SO 141-21DR-1 LeachedWR 250-500 80

Heblev A 60 SO 141-23DR-1 LeachedWR 250-500 80

A 61 85G003 Sanidlne

Table 2.1: Irradi:atec

HC 1(3 SN), Ihr HN03 (IN) Ihr HCl fN), 1 1» HN03 (

HQ(3îN) lhrHN03(W) 1 itrHCt(7N), 1 hrHN03 (

HCl (3 SN), HirHN03(lN), I hr HCl (*N), 1 lu HN03 (

HCl (3 SN). I hrHN03(lN), 1 lir HCl (TN), 1 lu HNOI (

HCl (3 iN), 1 hr 11N01 ( IN), 1 hr UC1 (7N), I hi I1NQ3 (

HC10SN), I hrHN03(IN), I hrHCl(*N), I hrHN0)(

iCI (3 5N), 1 hi HN03 (IN), 2 x I hr HCl (7N), 1 hl HNO

HCK3 SN), I hrHN03(IN) I lirHCI(TN), I litHWMt

Kl (3 SN), 1 hr HN03 (IN), 2 x I ta HCl (7N), 1 llr HNO

I hl HCl (3 SN) ihrHN03(IN)

iCI (3 SN), 1 hr HN03 (IN), 2 x 1 lu HCl (7N), 1 lit HNO

•ICI (3 5N), I hl HN03 (IN), 2 x I hr HCl (7N), I In HNO

I hl HCl (3 5N) 1 hr HN03 (IN)

84

86

88

90

91.5

93.5

95,5

97

99

100.5

102

104

106

108

110

111.5

ithered some iddmgsite-ohvine »nid many allied vesicle hi na

weathered, some iddmgsite olivine and altered vesicle bmanc

weatheied, few iddingsite-otivmeand alteied vesicle binaries

weathered some .ddmgstta-ttlivme *nd altered vesicle binane

weatheied,, some iddmgsite bmaues

weathered, soma iddtnghite and altered vesicle binaries

weathered, some olivine and alteied vesicle binaries

weatheied, some olivine and alteied vesicle binaries

weaihered, some olivine and many alteied vehicle bmaues

weakly weatheied

weatheied, some iddmgsite and alteied vesicle bmaues

weaihered, some olivine and altered vesicle binaries

weathered few iddingsile-olivme and alteied vesit Is binaries

Irradiated SO 141 andSO 142 rock samples, continued



Lfi

Seamount/Rtdge Vial

A

Hehley

Smt Ui

Kur«

Nero

Midway

Midway

Midway

Ladd

Ladd

Pearl andHerme1,

Pearl andHerme\

Pearl andHerme\

Smts»72-?4

Salmon

Rossini Seamount

Bizet

Donizetti

Donizetti

Donizetti

Donizetti

MvrrazFZ

Bach Ridge

Bach Ridge

Bach Ridge

Bach Ridge

Bai. h Ridge

Bacb Ridge

Bach Ridge

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

X

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

I0S

Sample

85C003

SO 141 23DR-2

SO H1-25DR-1

SO I4I-26DR-I

S0 141-28DR-2

SO 141-29DR-1

850.003

S0 141-29DR-2

SO I4I-29DR-I7

SO141-30DR-1

SOI4I-30DR-5

S0 141-34DR-1

85G003

SO 141-34DR-2

SO 141 34DR 17

SO 141 37DR-1

SOI4I-38DR-2

x703

85G003

x704

x705

x7()7

S0 142-lDR5a

SO 142-2DR-1

85G003

SO 14J-2DR-I

SO 142-3DR-4

SO 142 3DR 4

SO 142-3DR-4

SO 142-3DR 5

85G003

SO I42-4DR-3

SO 14Î-4DR-5

SO 142-5DR-1

SO 14Z-5DR-2

SO 141-6DR-4

85G003

SO 14J-7DR 1

SO 14Ï-7DR-1

SO 14Î-8DR-3

SO 143-8DR3

SO 14Ï-8DR-5

85G003

SO 142-8DR-5

SO 142-SDR-5

Material

Sanidlne

Leached WR

Leached WR

Leached WR

Leached WR

Loathed WR

Sanidlne

Leached WR

Leached WR

Leached WR

Leached WR

Leached WR

Sanidlne

Leached WR

Leached WR

Leached WR

Leached WR

Leached WR

Sanidlne

Leached WR

Leached WR

Leached WR

Leached WR

Leached WR

Sanidlne

plagioclase

Leached WR

plagioclase

plagioclase

Leached WR

Sanidlne

Leached WR

Leached WR

Leached WR

Leached WR

Leached WR

Sanidlne

Leached WR

plagioclase

LeachedWR

plagioclase
Leached WR

Sanidlne

plagioclase

plagioclase

Grain- Weight

size (jim) (mg)

Leaching

250-500 80 I hrHll(3SN) I hrHN03(IN) 2» I hrHCI(7N) I hrHNOÎMN)

250-500 80 I hrHCI(35N) 1 brHNlB(IN)

250-500 80 I hrHCI(35N) 1 hrHN03(IN) I hrHCI(7N) 1 hrHN03(IN)

250-500 80 I hrHCI(35N) I hr HN03 (IN) 2> I hrHCI(7N) 1 hrHWn(IN)

250-500 80 I hr HCl (3 SN) I hrHN(B(IN) I hrHCI(7N) 1 hrHN()3(IN)

250-500 80 I hrHCI(3SN) I hrHN03(IN) I brHCI(7N) I hrHN03(IN)

250-500 80 I hrHCI(3 5N) I hrHNOS (IN)

250-500 80 I tirHCI<35N) I hrHN03(IN) I r,rHCI(7N), I hrHN03(IN)

250-500 80 I hrHCI(35N) I hr HN03 (IN) ii I hrHCI(7N) I hrHN03(IN)

250-500 80 I hrHCI(35N) I hrHNCB(IN) I hrKCI(7N) I hrHN03(IN)

250-500 80 I hrHCI(35N) I hrHN(B(IN)

250 500 80 1 hrHCI(35N) I hrHN03(IN), J> I hrHCI(7N) I hr HN03 (IN)

250-500 80 I hrHCI(3SN) I hrHNCB(IN) I hrHCI(7N), I hrKN<13(IN)

250-500 80 I hrHCI(3 5N) I hrHNCB(lN) 1 hrHCI(7N) I hrHN()3(IN)

250-500 80 lhrHCI(3 5N) I hrHWB(IN) I hrHCI(7N) I hrHN03(IN)

250-500 80 I hrHCI(3SN) I hrHNlB(IN)

250-500 80 I hrHCI(3 5N) I hrHNCB(IN) I hrHCI(7N), I hrHN03(IN)

250-500 80 I hr HCl (3 SN) I hr HN03 (IN)

250-500 65 I hrHCI(3SN) IhrHNCB(IN) I hrHU(7N),l hrHN03(IN)

250-500 65 I hrHCI(33N) lhrHN03(IN) I hrHCI(7N) 1 hrHN03(!N)

125-250 65 I hrHCI(35N) Sm.oHl (6 7%) I hrHN03(IN)

250-500 65 I hrHCI(3SN) I hrHNCB(IN) I hrHtl(7N) 1 hrHN03(IN)

125-250 16 I hrHCI(3SN) SminHI (1)7'/,) I hrHN03(IN)

250-500 19 I hr HCl (3 SN) 5 ml» HI (6 1%) Ihr HNlB (IN)

250-500 65 I hrHCI(35N) I hrHNlB(IN) I hr HU (7N) I hrHN03(IN)

250-500 65 I hr HC I (3 SN) I hr HN03 (1N) I hr HC I (7N) I hr HN03 (1N)

250-500 65 1 hrHCI(3 5N) I hrHN03(IN), 1 hrHCI(7N) I hrHN03(IN)

250-500 65 1 hr HC I (3 SN) I hr HN03 (1N) 1 hr HCl (7N) I hr HN03 (IN)

250-500 65 I hrHCI(35N) 1 hr MN03 (IN) I hrHCI(7N) I hrHNOJ(IN)

250-500 80 I hrHCI(3SN), I hrHNCB(IN) 1 hrHCI(7N) I hrHN03(lN)

250-500 65 I hrHCI(3SN) I hrHNlB(IN) I hrHCI(7N) I hrHN03(IN)

125-250 65 I hrHCI(3 5N) 5 mi» HI (6 7%) I hrHN03(IN)

250-500 65 I hrHCI(3SN) I hrHNCB(IN) I hrHtl(7N) I hrHNl)3(IN)

125-250 65 lhrHCI(35N) 5 mm HI (« TV,) 1 hrHNC)3(IN)

250-500 63 I hrHCl(3SN) I hrHN03(IN) 1 hrHCI(7N) I hrHN()3(IN)

125-250 23 I tirHCI(35N) SrnmHI (6 TV,) thrHN03(lN)

250-500 38 I hrHCI (3JN) S min HI (6 1%) I hr HN03 (IN)

(mm)

Height

after

1

25

4«

6*

8.S

10 5

12

13.5

15 5

17.5

19.5

21.5

23

24.5

26.5

28.5

30.5

3J.S

33 5

36

38

41

43

443

45.5

47

49

51

51,$

54

55.5

57

58.5

60.5

62.S

64.5

66

67.5

69.5

715

73

75

76.5

78

79.5

weathered iddmgsite bmaues

weaklyv, eathered, except for altered vesicle binaries

weatheied some iddmgsite and altered vesicle binaries

weatheied, some iddmgsite and altered vesicle binaries

weathered raie iddmgsite binaries

weathered, some iddmgsite and alteied vesicle binaries

wealhered

weathered, iddmgsite and altered vesicle binaries

weathered, iddmgssie and alleied vesicle binaries

weathered, iddmgsite and many altered vesicle binaries

weathered rare iddmgsite and altered vesicle binaries

weathered, alteied vesicle binaries

weathered

weathered

rare altered looking olvme binaries'

raie alteiedMooking olvine binaries

weathered, rare altered vesicle binaries

rare alteied'looking olvme binaries

weathered

weatheied, raie iddmgsite andalteied vesicle binaries

almost 100% clean §101111

weathered, rare iddmgsite and altered vesicle binaries

almost 100% clean gioins

ahnest100% clean grains

weathered iddmgsite binaries

weathered, iddmgsite binaries

weathered, iddmgsite and altered vesicle binaries

weathered iddingsitc and altci ed vesicle binaries

weathered iddmgsite and altei ed vesicle binaries

weatheied, lddingsitc bmaues

weathered, iddmgsite binaries

almost 100% clean giams

weathered iddingsite/oiivine binaries

almost 100% clean gtains

weathered lddmgsite/ohvme binaries

almost 100%clean grains

almost 100% clean giams

Table 2.1: Irradiated SO 141 and SO 142 rock samples, continued



A 106 SO I4J-9DR-1 LeachedWR 250-500 65

Bach Ridge A 107 SO 14J-9DR-1 plagioclase l?5-250 20

Bach Ridge A 108 SO 142 9DR3 Leached WR 250 500 65

A 109 85C003 Sanidlne

Bach Ridge A no SO I4Î-9DR-I plagioclase 250-500 12

A m SO I4M0DR-2 Leached WR 250-500 65

A 112 SO 14Î.I0DR-2 plagioclase 125-250 65

A in SO 142-10DR-4 Leached WR 250-500 65

A 114 S0 142-11DR-1 Leached WR 250-500 65

A 115 85G0II3 Sanidine

A 116 SO 14M2DR-1 Leached WR 250-500 65

BeethovenRidge A 117 S0 142-I3DR-2 Leached WR 250-500 65

Beethoven Ridge A 118 SO 142-13DR 2 plagioclase 125-250 65

A 119 PS05I-04I-ICC Leached WR 250-500 80

A 120 PS051-041-1CC plagioclase #1 125-250 65

A 121 PS051-041-ICC plagioclase #2 125-250 13

A 121 85C003 Sanidlne

I hr HC I (3 3N) I hr HNO' (1N) I hr HC I (7N) 1 hr HN03 (IN)

lhrHCI(3SN) 5 mm HI (6 TA) I hrHNCW(IN)

lhrHCI(3iN) lhrHN03(lN) lhrHCI(7N) IhrHMW(IN)

I hr HCl (3 SN) S mm HI (6 TV) I hr HN03 (IN)

IhrHCIÇUN) 1 hrHNOS (IN) I hr HI I CN) IhrHNCB(IN)

I hr HC I (3 SN) 5 nun HI (6 7K) I hr HNO' (IN)

lhrHCI(3 5N) IhrHNCB(IN) lhrHtl(7N) IhrHNOSQN)

I hrHCI(SSN) 1 hrHN03 (IN) 2» 1 hrHCI(7N) I hrHN03(IN)

Ihr HCl (3 SN) I hrHNlB(lN) 2> I hrHCI(7N) 1 hrHN03(IN)

lhrHCI(3SN) IhrHNCB(IN) lhrHCI(7N) I hrHNOS (IN)

I hr HCl (3 SN) S mm Hl If, 7%) 1 hrHN03 (IN)

I hr HC I (3 SN) I hr HN03 (I N) I hr HC I (7N) I hr HN03 (IN)

1 hr HC I (3 SN) 1 hrHNCB(IN) 2» I hrHCI(7N) lhrHN03(IN)

1 hrHCI(3 5N) 5 mm HI (6 7«/) I hrHW)3(IN)

815

83

85

86 5

88

89.5

92

94.5

96

97.5

99

101

103

106

108

HO

1115

weathered, iddmgsite/olivine bmaues

almost 100% cleangrams

weathered iddlngsite and altered vesicle binaries

almost 100%elean grams

weathered, iddmgsite bmaues

almost100%clean giams

weathered

weathered iddmgsite binaries

weathered iddmgsite binaries

weathered iddmgsite and alteied vesicle binaries

almost 100% clean grains

very weatheied

almost 100% clean grams/white material to be picked

almost 100% clean grams

Table 2.1: Irradiated SO 141 and SO 142 rock samples, continued

<->



Argon Data Heating steps

OOMQ230A

0OMO23OC

OOM023QD

00M0230E

00M0230F

00M0230I

00M0230J

0OM023OL

00M0230N

00M0230O

0ÛM0230P

OOM0230Q
00M0230R

0OM023OS

OOM0230U

00M0230V

O 18 w

0 3w

0 35w

04«

0 45w

05w

0 55w

OSw

0 65w

08w

09w

10W

1 lw

1 5 w

3w

fuiion

Steps used in

age calculation*

0

0

0

0

0

0

0

0

0

0

3oAr(a)

0 00462

000466

000210

0 00085

0 00059

0 00422

0 00107

0 00017

0 00010

0 00007

000022

0 00013

0 00008

0 00060

0 00027

0 00095

37
Ar*

0 00834

0 03147

0 04051

0 05426

0 07430

0 77081

0 85622

0 82317

0 76952

1 08713

1 24459

1 10475

061196

3 53083

2 22390

4 83767

39 40

Ar(K) ,uAr(a+r) Age 2s 4flAr (r) (%)

0 01078

0 01756

0 01746

0 01899

0 02444

0 21579

0 21393

0 19617

018669

0 28676

0 34783

0 33822

0 20053

0 51285

013453

017256

1 01635

0 97662

0 50649

0 43144

0 50703

4 16116

4 05280

3 68010

3 52037

5 37565

6 54831

6 21733

3 49257

818424

2 07151

2 64455

427 63

264 34

142 72

112 71

103 22

96 12

94 48

93 58

94 05

93 51

93 90

91 74

87 04

79 91

77 17

76 81

31 75

18 7

13 01

11 17

8 66

1 65

1 17

121

1 19

101

1 17

1

103

0 93

127

145

42 66

4152

44 92

63 13

74 39

76 93

92 78

98 64

99 18

99 61

99 01

99 40

99 34

97 87

96 27

90 43

39Ar (k)

(%)
0 37

0 61

0 60

0 66

0 84

7 45

7 39

6 78

6 45

9 90

12 01

11 68

6 93

17 71

4 65

5 96

K/Ca

0 556

0 240

0 185

0 151

0 141

0 120

0 107

0 102

0 104

0113

0 120

0 132

0 141

0 062

0 026

0 015

^J

00M0231B

00M0231C

00M0231D

00M0231E

0OM0231F

00M0231H

Q0M023U

00M023U

00M0231K

OOM0231L

00M0231N

OOM02310

0OMO231P

D0M0231Q

00M0231R

0 3w

0 35w

0 4w

0 45w

0 5w

0 55w

0 6w

0b5w

0 7w

0 75w

0 8w

0 85w

1 Ow

1 5w

fusion

0 06635

0 03204

0 01069

0 00584

0 00389

0 00207

0 00078

0 00028

0 00032

0 00028

0 00037

0 00019

000024

0 00074

0 00301

016650

018049

0 22070

0 31437

0 48655

0 58019

0 77004

0 83834

1 06551

1 01638

0 88643

0 92372

0 96726

3 58258

10 11716

013012

0 13415

011673

013307

016696

0 17512

0 20087

017382

0 20884

018283

015109

014998

016542

0 45230

0 33259

10 42787

5 57897

2 70185

2 76937

3 32525

3 37463

3 69951

314413

3 81584

3 32528

2 75602

2 70678

3 02377

6 89648

4 46428

373 83

203 62

116 15

104 77

100 39

97 21

93 02

9140

92 30

9189

92 15

9120

92 34

77 35

68 26

25 89

15 82

6 14

31

2 02

167

1 11

1 16

1 13

1 15

141

157

132

0 96

171

34 72

37 08

46 10

61 60

74 33

84 65

94 12

97 42

97 61

97 54

96 19

97 93

97 68

96 92

83 37

4 53

4 67

4 06

4 63

5 81

6 09

6 99

6 05

7 27

6 36

5 26

5 22

5 76

15 74

11 57

0 336

0 320

0 227

0 182

0 148

0 130

0 112

0 089

0 084

0 077

0 073

0 070

0 074

0 054

0 014

00M0233B

00M0233C

00M0233D

00M0233E

00M0233F

00M0233G

0 45 w

0 45 w

0 85w

105w

1 25 w

30w

0 01485

0 00565

0 00235

0 00246

0 00119

000373

0 29914

1 09278

1 95813

2 93070

2 84853

6 09057

0 28505

0 46350

0 67868

1 04821

1 10352

313622

3 39124

519021

7 59879

11 65744

12 30185

34 91840

6184

58 26

58 25

57 87

58 00

57 93

186

0 66

0 37

0 39

0 38

0 28

43 58

75 68

9163

94 13

97 21

96 94

2 35

3 82

5 60

8 64

9 10

25 86

0 410

0 182

0 149

0 154

0 167

0 221

Table 2.2: 40Ar/39Ar Data, SO 141 and SO 142 cruises



00M0233H 4.5 w

00M0233K fusion

00M0234A 0.45w

00M0234B 0.65w

00M0234C 0.85w

00M0234D 1.05w

00M0234F 1.25w

00M0234G 3.0w

00M0234H 4.0w

00M0234I 5.0w

00M0234J fusion

00M0240B 0.3 w

00M0240C 0.35 w

00M0240D 0.4 w

00M0240E 0.45 w

00M0240F 0.5 w

00M0240H 0.55 w

00M0240I 0.6 w

00M0240J 0.65 w

00M0240K 0.7 w

00M0240L 0.75 w

00M0240N 0.85 w

00M02400 l.lw

00M0240P 1.5 w

00M0240Q fusion

00M0241B 0.3w

00M0241C 0.4w

00M0241D 0.45w

00M0241E 0.5w

00M0241F 0.55w

00M0241H 0.65w

00M0241I 0.75w

00M0241J 0.85w

00M0241K l.Ow

00M0241L 1.25w

00M0241N 1.5w

00M02410 partial fusion

00M0241P fusion

0.00239 4.36358 1.89215 21.10427 58.03 0.3 96.76

0.01408 13.28549 3.51871 39.97876 59.10 0.33 90.57

0.01473 0.33937 0.06834 1.28920 98.29 13.41 22.85

0.00897 1.16868 0.07042 0.97989 73.01 9.7 26.98

0.00110 0.74766 0.05165 1.07536 108.18 3.64 76.73

0.00318 2.64810 0.12975 1.50136 60.92 2.75 61.54

0.00178 2.92200 0.16792 1.86125 58.40 1.63 77.99

0.00618 8.90308 0.79193 8.80472 58.57 1.04 82.82

0.00178 5.30955 0.33348 3.74392 59.13 1.08 87.68

0.00100 2.53536 0.13348 1.56146 61.57 1.91 84.15

0.00397 10.93917 0.34940 4.39615 66.14 1.83 78.92

0.03814 0.07814 0.39188 10.96435 150.20 6.23 49.3

0.01355 0.09978 0.25883 5.42908 113.76 3.48 57.5

0.00971 0.09079 0.28364 5.35967 102.80 2.52 65.1

0.00869 0.12997 0.35558 6.64366 101.68 1.98 72.1

0.00244 0.13162 0.37930 6.38120 91.80 1.12 89.8

0.00332 0.17054 0.46522 7.84457 92.01 1.11 88.9

0.00194 0.21238 0.51524 8.67694 91.89 1.02 93.8

0.00177 0.28108 0.56840 9.53749 91.57 1.38 94.8

0.00098 0.21845 0.47013 7.89970 91.69 0.96 96.5

0.00352 0.41355 0.85988 14.42330 91.54 1.01 93.3

0.00214 0.55325 1.11399 18.66342 91.43 0.96 96.7

0.00456 1.25975 2.84918 47.98867 91.91 0.93 97.3

0.00343 2.79538 5.14170 86.42109 91.72 0.93 98.8

0.03128 9.51807 7.04439 118.15691 91.54 0.99 92.7

0.49582 0.18867 1.89496 27.25700 79.15 16.33 15.69

0.22794 0.23411 1.07160 15.54764 79.82 13.24 18.75

0.12674 0.27655 0.72608 9.90925 75.18 10.92 20.92

0.11724 0.32315 0.73386 9.96146 74.78 10.05 22.33

0.07551 0.34655 0.59894 8.50817 78.19 7.99 27.60

0.08946 0.58044 0.78583 11.00344 77.09 7.38 29.39

0.06957 0.77940 0.77803 10.78783 76.36 5.71 34.42

0.04580 0.83635 0.69839 9.83039 77.49 4.29 42.08

0.04238 0.98276 0.79621 11.41727 78.91 3.52 47.69

0.03769 1.76187 1.38682 20.27742 80.43 1.95 64.55

0.02096 2.64271 1.99950 29.77019 81.87 1.14 82.78

0.01345 3.69331 1.36247 20.13101 81.26 1.17 83.51

0.03066 6.06047 1.13315 17.01858 82.56 2.05 65.26

15.60 0.186

29.02 0.114

3.26 0.087

3.36 0.026

2.46 0.030

6.19 0.021

8.01 0.025

37.78 0.038

15.91 0.027

6.37 0.023

16.67 0.014

1.89 2.157

1.25 1.115

1.37 1.343

1.72 1.176

1.83 1.239

2.25 1.173

2.49 1.043

2.75 0.870

2.27 0.925

4.15 0.894

5.38 0.866

13.77 0.973

24.84 0.791

34.04 0.318

13.57 4,319

7.67 1.968

5.20 1.129

5.25 0.977

4.29 0.743

5.63 0.582

5.57 0.429

5.00 0.359

5.70 0.348

9.93 0.338

14.32 0.325

9.76 0.159

8.11 0.080

Table 2.2: 40Ar/39Ar Data, SO 141 and SO 142 Cruises, Continued



sO

0OMO242B

00M0242C

00M0242D

00M0242E

00M0242F

0OM0242H

00M0242I

00M0242J

00M0242K

00M0242L

00M0242N

00M02420

00M0242P

00M0243B

00M0243C

00M0243D

00M0243E

00M0243F

00M0243H

00M0243I

00M0243J

00M0243K

00M0243L

00M0243N

00M0243O

00M0243R

00M0250A

00M0250B

OOM0250C

00M0250D

00M0250F

00M0250G

00M0250K

00M0250L

00M0250N

OOM025OO

00M0250P

0OM025OQ

0.35w

0.4w

0.45w

0.5w

0.55w

0.65w

0.75w

0.85w

l.Ow

1.25w

1.5w

2w

fusion

0.4w

0.45w

0.5w

0.55w

0.65w

0.75w

0.85w

l.Ow

1.25w

1.5w

1.75w

2w

fusion

0.4w

0.45w

0.5w

0.55w

0.65w

0.75w

0.85w

l.Ow

1.25w

1.5w

1.85w

fusion

0 0.03368 0.23776 0.16794 1.85629 62.07 12.96 15.72

0.00617 0.18454 0.13096 0.70906 30.67 4.34 28.00

0.00441 0.25151 0.14485 0.70730 27.68 2.54 35.19

0.00153 0.30507 0.15426 0.73997 27,20 1.12 62.04

0.00057 0.35675 0.14591 0.67935 26.41 0.95 80.02

0.00054 0.65332 0.25137 1.16443 26.27 0.67 87.87

0.00009 0.90113 0.28730 1.34812 26.61 0.54 97.98

0.00014 1.12996 0.35230 1.65287 26.61 0.5 97.63

0 0.00000 0.65063 0.23582 1.23648 29.71 0.56 100.00

0 0.00023 1.99239 0.49399 2.06764 23.76 0.45 96.78

0 0.00032 2.97278 0.54691 2.10825 21.89 0.46 95.68

0 0.00038 2.73156 0.26839 0.85635 18.14 0.75 88.28

0 0.00133 2.66386 0.19048 0.71529 21.33 1.17 64.47

0 0.07450 0.49014 0.26310 3.12024 67.92 18.76 12.41

0 0.00964 0.31403 0.05941 0.37677 36.64 11.48 11.68

0 0.00827 0.32234 0.05900 0.42O57 41.13 10.16 14.69

0 0.00290 0.36293 0.04269 0.18210 24.73 5.99 17.53

0.00145 0.54958 0.04813 0.13401 16.18 3.25 23.86

0.00106 0.77747 0.05596 0.16685 17.32 3.37 34.72

0.00043 0.92046 0.05438 0.15278 16.32 3.02 54.36

0.00031 1.33550 0.07193 0.18731 15.13 2.24 67.21

0.00019 2.31074 0.10628 0.28597 15.64 1.97 83.60

0.00013 2.66626 0.09118 0.22615 14.42 2.21 85.30

0.00021 2.89247 0.08025 0.19389 14.05 2.64 76.06

0.00021 2.36639 0.05034 0.10207 11.79 3.34 62.22

0.00087 6.21634 0.05478 0.11706 12.43 5.79 31.32

0.02579 0.26983 0.18241 1.13891 35.61 9.52 13.00

0.00310 0.31467 0.11334 0.55168 27.82 2.29 37.55

0.00071 0.26555 0.08944 0.41169 26.32 1.87 66.37

0.00022 0.27777 0.09127 0.44279 27.73 1.69 87.02

0.00017 0.54461 0.15166 0.73210 27.59 0.83 93.41

0.00015 0.61092 0.16930 0.8Q785 27.28 0.72 94.86

0.00021 1.01668 0.26851 1.29996 27.68 0.91 95.41

0.00037 1.44259 0.33449 1.58312 27.06 0.74 93.56

0.00042 3.23205 0.43235 2.01275 26.62 0.66 94.17

0.00024 5.93882 0.23624 1.07494 26.02 1.9 93.85

0 0.00034 8.03681 0.10543 0.42872 23.27 3.7 81.23

0 0.00095 23.35218 0.17886 0.66986 21.45 5.71 70.56

Table 2.2: 40Ar/39Ar Data, SO 141 and SO 142 Cnuses, C<mtinuecI

4.98 0.304

3.89 0.305

4.30 0.248

4.58 0.217

4.33 0.176

7.46 0.165

8.52 0.137

10.45 0.134

7.00 0.156

14.66 0.107

16.23 0.079

7.96 0.042

5.65 0.031

25.36 0.231

5.73 0.081

5.69 0.079

4.11 0.051

4.64 0.038

5.39 0.031

5.24 0.025

6.93 0.023

10.24 0.020

8.79 0.015

7.74 0.012

4.85 0.009

5.28 0.004

7.75 0.291

4.82 0.155

3.80 0.145

3.88 0.141

6.44 0.120

7.19 0.119

11.41 0.114

14.21 0.100

18.37 0.058

10.04 0.017

4.48 0.006

7.60 0.003



K)
O

00M0251A

00M0251C

00M0251D

00M0251E

00M0251F

00M0251G

00M0251I

00M0251J

00M0251M

00M0251N

00M02510

00M0252A

00M0252B

0OMO252D

00M0252E

00M0252F

00MO252G

00M0252H

00M0252J

00M0252K

00M0252L

00M0253A

OOM0253B

OOM0253C

0OM0253F

00M0253G

00M0253H

0OMO253I

00M0253J

00M0253L

00M0253M

00M0253N

O0M0253O

O0M0255B

00M0255C

00M0255D

00M0255E

0.4w

0.45w

0.5w

0.55w

0.65w

0.75w

0.85w

l.Ow

1.25w

1.5w

fusion

0.4w

0.45w

0.5w

0.55w

0.65w

0.75w

0.45w

l.Ow

1.5w

fusion

0.4w

0.45w

0.5w

0.55w

0.65w

0.75w

0.85w

l.Ow

1.25w

1.5w

1.85w

fusion

0.4w

0.45w

0.5w

0.55w

0 0.05248 1.35683 0.43365 3.52358 46.97 8.29 18.51

0.00062 1.15765 0.21226 0.98917 27.09 1.22 84.44

0.00015 1.19737 0.16934 0.81230 27.87 1.22 94.73

0.00018 1.36628 0.16135 0.76900 27.70 1.41 93.62

0.00005 2.14564 0.22400 1.09888 28.50 1.07 98.75

0.00007 2.36134 0.21222 1.02706 28.12 1.01 98.03

1 0.00019 2.30626 0.17434 0.77898 25.98 2.23 93.31

1 0.00008 3.48848 0.16640 0.73315 25.62 2.18 96.81

0 0.00038 5.24170 0.11793 0.42272 20.87 3.86 78.90

0 0.00023 3.48908 0.04349 0.14996 20.08 9.59 69.05

0 0.00051 5.32774 0.05328 0.21746 23.74 8.78 58.83

0 0.04245 0.92451 0.54800 5.14841 54.36 5.27 29.10

0 0.00405 1.12419 0.44114 2.36859 31.27 0.87 66.44

0.00184 1.44346 0.40712 2.10147 30.07 0.84 79.46

0.00068 1.54270 0.38052 1.98016 30.31 0.7 90.77

0.00071 2.68180 0.58533 3.05162 30.37 0.54 93.59

0.00052 3.14561 0.68259 3.50398 29.90 0.53 95.78

0.00026 2.65772 0.57114 2.92386 29.82 0.63 97.47

0.00011 3.00977 0.70602 3.58259 29.56 0.58 99.06

0 0.00082 7.15958 1.23329 5.39824 25.53 0.43 95.70

0 0.00287 11.75139 0.60360 2.39555 23.16 1.17 73.87

0 0.14576 0.13610 1.54773 10.15835 38.28 6.33 19.08

0 0.04412 0.08327 1.76179 10.16476 33.69 1.74 43.81

0 0.01360 0.04967 1.60087 8.88991 32.44 0.74 68.87

0 0.00542 0.04239 1.66530 9.06937 31.82 0.42 84.99

0.00533 0.05153 2.40658 12.74082 30.94 0.36 88.99

0.00414 0.06819 2.53096 13.27111 30.64 0.36 91.57

0.00282 0.06521 2.21069 11.65959 30.82 0.39 93.33

0.00281 0.18804 2.51313 13.09653 30.46 0.35 94.04

0.00325 0.81629 3.32146 17.21191 30.29 0.37 94.72

0 0.00134 0.70557 1.63004 8.16130 29.27 0.35 95.37

0 0.00205 3.00499 1.66279 8.34743 29.35 0.38 93.23

0 0.00388 4.90899 1.75430 8.79669 29.31 0.4 88.47

0 0.10220 0.68521 0.29574 4.34883 84.90 22.97 12.59

0 0.00832 0.59592 0.10579 0.64556 35.72 5.9 20.79

1 0.00192 0.50474 0.07625 0.34307 26.40 2.97 37.69

1 0.00093 0.56159 0.07537 0.33631 26.19 3.27 55.12

Table 2.2: 40Ar/39Ar Data, SO 141 and SO 142 Cruises, Continued

22.03 0.137

10.78 0.079

8.60 0.061

8.20 0.051

11.38 0.045

10.78 0.039

8.86 0.033

8.45 0.021

5.99 0.010

2.21 0.005

2.71 0.004

8.90 0.255

7.16 0.169

6.61 0.121

6.18 0.106

9.50 0.094

11.08 0.093

9.27 0.092

11.46 0.101

20.02 0.074

9.80 0.022

6.29 4.890

7.16 9.098

6.51 13.859

6.77 16.894

9.78 20.082

10.29 15.961

8.98 14.578

10.21 5.747

13.50 1.750

6.62 0.993

6.76 0.238

7.13 0.154

16.18 0.186

5.79 0.076

4.17 0.065

4.12 0.058



(O

00M0255F

00M0255H

00M0255I

00M0255J

00M0255K

00M0255L

00M0255N

00M02550

00M0256A

00M0256B

00M0256C

00M0256E

00M0256F

00M0256G

00M0256H

00M0256I

00M0256K

00M0256L

O0M0256M

00M0256N

00M0266B

00M0266C

00M0266D

00M0266E

00M0266F

00M0266H

00M0266I

00M0266J

00M0266K

00M0266L

00M0266N

0OMO266O

00M0267A

00M0267B

O0M0267C

00M0267F

00M0267G

00M0267H

0.65w

0.75w

0.85w

l.Ow

1.25w

1.5w

1.85w

fusion

0.4w

0.45w

0.5w

0.55w

0.65w

0.65w

0.85w

l.Ow

1.25w

1.5w

1.8w

fusion

0.4w

0.45w

0.5w

0.55w

0.65w

0.75w

0.85w

l.Ow

1.25w

1.5w

1.8w

fusion

0.4w

0.45w

0.5w

0.55w

0.65w

0.75w

0.00067 0.95057 0.11598 0.51575 26.10 1.72 72.33

0.00036 1.27446 0.14013 0.61758 25.87 1.29 85.47

0.00026 1.54658 0.15353 0.69578 26.60 1.41 90.09

0.00021 2.06579 0.17200 0.79502 27.12 1.19 92.87

0.00030 3.43883 0.24743 1.15338 27.35 0.95 92.86

0 0.00026 4.05461 0.20636 0.86326 24.56 1.19 91.90

0 0.00042 4.89369 0.12433 0.43912 20.76 2.44 77.92

0 0.00173 12.93934 0.11535 0.38934 19.85 5.71 43.19

0 0.11313 0.39713 0.53079 10.23979 75.56 9.59 23.45

0 0.00816 0.40255 0.31557 2.94204 36.91 1.34 54.95

0.00187 0.45286 0.31551 2.69213 33.81 0.56 82.94

0.00074 0.42153 0.27342 2.31667 33.57 0.54 91.32

0.00059 0.74453 0.45532 3.84227 33.44 0.43 95.66

0.00002 1.01709 0.60131 5.11614 33.71 0.39 99.89

0.00013 1.02518 0.56287 4.75412 33.47 0.38 99.21

0.00006 1.21045 0.62160 5.21991 33.28 0.36 99.65

0 0.00022 1.68724 0.74435 5.96020 31.75 0.39 98.93

0 0.00038 2.19860 0.47922 3.41583 28.29 0.39 96.78

0 0.00031 2.56945 0.23737 1.56237 26.14 0.64 94.49

0 0.00108 7.25058 0.15675 0.95625 24.24 2 75.06

0.02493 0.21862 0.18982 2.06617 43.58 6.11 21.91

0.00459 0.09902 0.15966 1.64715 41.33 1.63 54.82

0.00119 0.14452 0.11449 1.13603 39.76 1.11 76.41

0.00030 0.02876 0.03900 0.38902 39.97 2.65 81.37

0.00031 0.04036 0.06645 0.68367 41.21 2.16 88.21

0.00023 0.03412 0.04582 0.47826 41.81 2.15 87.61

0 0.00015 0.04217 0.06210 0.70028 45.12 2.12 93.95

0 0.00033 0.12867 0.09683 1.02477 42.38 0.99 91.35

0 0.00043 0.55071 0.15143 1.51510 40.09 0.82 92.28

0 0.00038 1.45311 0.12658 1.11226 35.26 1.22 90.84

0 0.00032 2.19525 0.05230 0.36282 27.89 2 68 79.21

0 0.00035 12.63649 0.04559 0.31004 27.35 9.28 74.77

0 0.01287 0.39391 0.36775 3.74261 41.78 1.75 49.59

0.00378 0.36669 0.39924 3.66959 37.77 0.82 76.67

0.00144 0.27649 0.33270 2.98869 36.93 0.64 87.56

0.00073 0.24574 0.27882 2.53799 37.41 0.69 92.13

0.00031 0.27397 0.29980 2.68818 36.86 0.51 96.73

0.00038 0.29136 0.27900 2.50551 36.91 0.55 95.75

Table 2.2: 40Ar/39Ar Data, SO 141 and SO 142 Cruises, Continued

6.34 0.052

7,66 0.047

8.40 0.043

9.41 0.036

13.53 0.031

11.29 0.022

6.80 0.011

6.31 0.004

10.03 0.575

5.96 0.337

5.96 0.300

5.16 0.279

8.60 0 263

11.36 0.254

10.63 0.236

11.74 0.221

14.06 0.190

9.05 0.094

4.48 0.040

2.96 0.009

16.50 0.373

13.88 0.693

9.95 0.341

3.39 0.583

5.78 0.708

3.98 0.577

5.40 0.633

8.42 0.324

13.17 0.118

11.01 0.037

4.55 0.010

3.96 0.002

11.08 0.401

12.03 0.468

10.03 0.517

8.40 0.488

9.03 0.471

8.41 0.412



00M0267I 0.85w

00M0267J l.Ow

00M0267L 1.25w

00M0267M 1.5w

00M0267N 1.8w

00M0267O fusion

00M0268A 0.4w

00M0268C 0.45w

00M0268D 0.5w

00M0268E 0.55w

00M0268F 0.65w

00M0268G 0.75w

00M0268J 0.85w

00M0268K l.Ow

00M0268L 1.25w

00M0268M 1.5w

00M0268N 1.8w

00M0268P fusion

K) 00M0269A 0.4w

K)
00M0269B 0.45w

00M0269C 0.5w

OOM0269D 0.55w

00M0269F 0.65w

00M0269G 0.75w

00M0269H 0.85w

00M0269I l.Ow

00M0269J 1.25w

00M0269M 1.5w

00M0269N 1.5w

00MO269O fusion

00M0275A 0.4w

00M0275B 0.45w

00M0275D 0.5w

00M0275E 0.55w

00M0275F 0.65w

00M0275G 0.75w

00M0275H 0.85w

00M0275J l.Ow

0.00041 0.35080 0.27776 2.47843 36.68 0.64 95.30

0.00053 0.52192 0.26438 2.23726 34.81 0.79 93.47

0.00077 1.54924 0.33398 2.66026 32.78 0.55 92.16

0.00057 2.56872 0.23756 1.86458 32.31 0.78 91.72

0.00031 5.24074 0.16020 1.17453 30.19 1.29 92.73

0.00174 9.80451 0.08731 0.54011 25.51 4.38 51.30

0.01126 0.01961 0.02530 0.36461 73.79 26.41 9.88

0.00373 0.57882 0.13528 0.80524 30.85 3.15 42.25

0.00074 0.50262 0.09446 0.55139 30.25 2.42 71.65

0.00027 0.49585 0.08450 0.52082 31.93 2.73 86.52

0.00015 0.75581 0.11908 0.74604 32.45 2 94.53

0.00011 0.87145 0.13253 0.81738 31.95 1.84 96.19

0.00006 0.89509 0.12825 0.80618 32.56 1.18 97.92

0.00010 0.94157 0.12108 0.70650 30.24 0.99 95.85

0.00026 1.70947 0.17549 0.80287 23.75 0.99 91.14

0.00022 1.28039 0.09479 0.44126 24.17 1.83 87.19

0.00018 0.70084 0.03650 0.19647 27.91 3.3 78.34

0.00128 2.24484 0.06546 0.32635 25.87 3.13 46.25

0.06576 0.41327 0.64562 6.01008 49.69 6.31 23.62

0.01079 0.37032 0.54456 5.05754 49.58 1.44 61.34

0.00458 0.27515 0.36136 3.31326 48.95 1.25 71.02

0.00289 0.27146 0.31586 2.84924 48.17 1.07 76.92

0.00307 0.43852 0.45125 4.11750 48.72 0.93 81.94

0.00229 0.59369 0.52175 4.77465 48.86 0.8 87.60

0.00112 0.65842 0.40306 3.62963 48.09 0.89 91.64

0.00116 0.85123 0.44441 3.82060 45.94 0.8 91.80

0.00138 1.39475 0.56536 4.56317 43.16 0.67 91.79

0.00300 3.98061 0.92783 6.90179 39.82 0.6 88.61

0.00280 4.44267 0.66926 4.83045 38.65 0.7 85.40

0.00914 12.05592 0.52191 3.81275 39.11 1.89 58.54

0.03616 0.39664 0.80264 8.28457 59.18 3.13 43.67

0.00257 0.35554 0.51805 3.37717 37.60 0.57 81.67

0.00099 0.34058 0.36040 2.35350 37.67 0.58 88.99

0.00057 0.39828 0.36838 2.42800 38.02 0.62 93.51

0.00056 0.59512 0.46154 3.02052 37.75 0.49 94.76

0.00053 0.76222 0.46139 3.05311 38.17 0.6 95.11

0.00039 0.87274 0.43692 2.98136 39.34 0.61 96.25

0.00047 1.13397 0.44828 3.18743 40.98 0.7 95.84

8.37

7.97

10.06

7.16

4.83

2.63

2.09

11.15

7.79

6.97

9.82

10.93

10.58

9.98

14.47

7.82

3.01

5.40

10.13

8.55

5.67

4.96

7.08

8.19

6.33

6.97

8.87

14.56

10.50

8.19

13.54

8.74

6.08

6.21

7.78

7.78

7.37

7.56

0.340

0.218

0.093

0.040

0.013

0.004

0.555

0.100

0.081

0.073

0.068

0.065

0.062

0.055

0.044

0.032

0.022

0.013

0.672

0.632

0.565

0.500

0.442

0.378

0.263

0.224

0.174

0.100

0.065

0.019

0.870

0.627

0.455

0.398

0.333

0.260

0.215

0.170

Table 2.2: 40Ar/39Ar Data,SO 141 and SO 142 Cruises, Continued



to

00M0275K 1.25w

00M0275L 1.5w

00M0275M 1.8w

00M0275N fusion

00M0282B 0.45w

00M0282C 0.65w

00M0282D 0.65w

00M0282E 1.05w

00M0282F 1.3w

00M0282H 1.5w

00M0282I 2.0w

00M0282J 2.5w

00M0282K 3.5w

00M0282L 6.0w

00M0282N fusion

00M0283A 0.45w

00M0283B 0.85w

00M0283C 0.85w

00M0283D 1.3w

00M0283G 1.5w

0OMO283H 1.7w

00M0283I 2.0w

00M0283J 3.6w

00M0283K 6.0w

O0M0283M fusion

00M0284B 0.65w

00M0284C l.Ow

00M0284D 1.3w

00M0284E 1.5w

00M0284F 2.0w

00M0284H 3.0w

00M0284I 5.0w

00M0284L 7.0w

00M0284M 9.0w

00M0284N, partial fusion

00M02840 fusion

01M0015B 0.4w

0.00029 2.15435 0.64950 4.70787 41.76 0.58 98.22

0.00068 2.65480 0.55416 3.81276 39.67 0.68 94.99

0.00107 4.57646 0.46982 3.15506 38.73 0.81 90.86

0.00637 15.98123 0.39758 2.49070 36.15 2.54 56.97

0.00124 0.09852 0.00950 0.18032 77.75 11.5 32.95

0.00153 0.24717 0.01282 0.17570 56.50 12.89 27.99

0.00136 0.55508 0.01942 0.27550 58.45 6.34 40.73

0.00207 0.96565 0.02943 0.40229 56.35 5.89 39.70

0.00158 1.79028 0.05334 0.70534 54.54 3.16 60.13

0.00065 1.87825 0.06554 0.83152 52.36 2.03 81.12

0.00196 4.68715 0.27342 3.40771 51.45 1.15 85.45

0.00009 0.68767 0.02351 0.30435 53.41 4.04 91.71

0.00081 2.37900 0.10494 1.33111 52.35 1.56 84.78

0.00188 6.29721 0.35616 4.50858 52.24 1.03 89.05

0.00235 12.02661 0.34150 4.71334 56.89 1.42 87.14

0.00207 0.02894 0.01496 0.20239 64.79 13.41 24.86

0.00641 0.41194 0.07742 0.82751 51.38 4.24 30.41

0.00227 0.68871 0.08569 0.91598 51.39 2.37 57.68

0.00194 1.32567 0.16368 1.73912 51.08 1.2 75.16

0.00104 1.49323 0.18454 1.97040 51.33 1.35 86.53

0.00079 1.79782 0.23511 2.52150 51.55 0.91 91.49

0.00074 2.38349 0.38617 4.14577 51.61 0.64 95.02

0.00024 1.53281 0.17268 1.84956 51.49 1.17 96.28

0.00128 5.22390 0.75630 8.17199 51.94 0.68 95.58

0.00216 13.67154 0.83493 9.61574 55.30 0.91 93.77

0.00161 0.34018 0.02256 0.27150 52.86 8 36.39

0.00116 1.13112 0.04650 0.52811 49.91 2.44 60.57

0.00050 1.80556 0.08102 0.87360 47.42 1.44 85.49

0.00077 1.98629 0.10873 1.15948 46.91 1.63 83.58

0.00152 3.88775 0.31346 3.33188 46.75 0.88 88.10

0.00012 0.94124 0.03187 0.34697 47.87 3.96 90.71

0.00035 3.42241 0.18509 2.01565 47.89 1.04 95.06

0.00026 2.39999 0.11033 1.21612 48.46 1.44 93.98

0.00020 1.47126 0.04674 0.54727 51.44 3.03 90.26

0.00014 1.86751 0.02321 0.33051 62.36 5.34 89.06

0.00024 2.92950 0.03108 0.42821 60.36 6 85.98

0 0.06983 0.48882 0.12388 4.57894 163.22 32.81 18.16

Table 2.2: 40Ar/39Ar Data, SO 141 and SO 142 Cruises, Continued

10.96 0.130

9.35 0.090

7.92 0.044

6.71 0.011

0.74 0.041

0.99 0.022

1.51 0.015

2.28 0.013

4.14 0.013

5.08 0.015

21.20 0.025

1.82 0.015

8.14 0.019

27.62 0.024

26.48 0.012

0.51 0.222

2.66 0.081

2.94 0.054

5.62 0.053

6.34 0.053

8.08 0.056

13.26 0.070

5.93 0.048

25.98 0.062

28.68 0.026

2.25 0.029

4.65 0.018

8.10 0.019

10.87 0.024

31.33 0.035

3.19 0.015

18.50 0.023

11.03 0.020

4.67 0.014

2.32 0.005

3.11 0.005

7.02 0.109



01M0015C 0.45w 0.00551 0.58160 0.08533 1.06848 56.96 43.48 39.63 4.84 0.063

01M0015F 0.55w 0.00095 0.03615 0.06218 0.61956 45.48 25.71 68.89 3.53 0.740

01M0015H 0.65w 0.00061 0.52017 0.10187 0.86479 38.81 15.5 82.69 5.78 0.084

01M0015I 0.75w 0.00127 0.57655 0.16120 1.19285 33.88 9.88 76.10 9.14 0.120

01M0015K l.Ow 0.00035 0.38925 0.18985 1.74894 42.08 7.95 94.46 10.76 0.210

01M0015L l.Ow 0.00102 0.53614 0.23944 2.03163 38.80 6.48 87.12 13.58 0.192

01M0015N 1.25w 0.00069 0.79550 0.29065 2.64228 41.54 4.47 92.80 16.48 0.157

01M00150 1.5w 0.00063 0.70403 0.23215 1.91957 37.82 7.39 91.11 13.16 0.142

01M0015Q 2.25w 0.00000 0.41114 0.09723 0.84560 39.76 0.62 100.00 5.51 0.102

01M0015R fusion 0.00171 5.25959 0.17995 1.30509 33.21 8.77 72.11 10.20 0.015

01M0043A 0.65w 0.09795 4.56520 0.47938 6.07384 61.61 11.53 17.34 2.87 0.045

01M0043B l.Ow 0.05393 13.31724 0.98002 11.30946 56.20 3.44 41.51 5.86 0.032

01M0043D 1.3w 0.02373 18.54529 1.62471 18.58062 55.70 1.35 72.60 9.71 0.038

01M0043E 1.5w 0.01883 13.91289 1.23751 14.17098 55.78 1.42 71.81 7.40 0.038

01M0043F 2w 0.01248 26.42576 3.06603 34.43011 54.71 0.83 90.33 18.33 0.050

01M0043H 3.0w 0.00161 2.70107 0.21949 2.61968 58.10 3.47 84.63 1.31 0.035

01M0043I 5.0w 0 0.00722 23.65726 1.71293 20.05347 57.00 1.05 90.38 10.24 0.031

01M0043J 7.0w 0 0.00743 28.42736 2.05492 24.28283 57.53 1.01 91.71 12.28 0.031

01M0043L 7.0w 0 0.00715 30.50023 1.56793 19.28839 59.85 1.28 90.12 9.37 0.022

4^

01M0043M fusion 0 0.02937 121.10586 3.78609 51.90190 66.57 1.84 85.68 22.63 0.013

01M0049B 0.65w 0 0.00987 0.00000 0.00055 0.02471 215.97 1847 0.84 0.00 0.000

01M0049C l.Ow 0 0.00089 0.00000 0.00134 0.02283 84.41 716.7 7.98 0.01 0.000

01M0049E 1.3w 0 0.00000 0.00000 0.00085 0.05324 293.53 130 100.00 0.01 0.000

01M0049F 1.5w 0 0.00033 0.00000 0.00149 0.00000 0.00 0 0.00 0.01 0.000

01M0049G 2.0w 0 0.00051 0.00000 0.00678 0.08746 64.13 47.94 36.57 0.06 0.000

01M0049I 3.0w 0 0.00080 0.07975 0.00531 0.00000 0.00 0 0.00 0.04 0.029

01M0049J 7.0w 0.00153 3.67241 0.22640 1.95576 43.21 • 2.57 81.26 1.87 0.027

01M0049K lO.Ow 0.00143 12.92145 0.64842 5.69885 43.95 1.34 93.08 5.35 O.022

01M0049M 13.0w 0.00124 21.13700 1.05498 9.27826 43.98 1.19 96.20 8.70 0.021

01M0049N 16.0w 0.00039 10.20542 0.50945 4.51688 44.33 1.2 97.50 4.20 0.021

01M00490 19.0w 0.00083 14.66379 0.73025 6.43123 44.04 1.24 96.33 6.02 0.021

01M0049S 22.0w 0.00086 10.71413 0.55586 4.75974 42.83 1.57 94.95 4.58 0.022

01M0049U partial fusion 0.00203 23.88250 1.20157 10.49123 43.67 1.24 94.58 9.91 0.022

01M0049V fusion 0.00548 141.80197 7.18026 63.04440 43.91 1.09 97.50 59.23 0.022

01M0060B 0.65w 0.00686 1.55338 0.07920 0.63313 43.42 15.5 23.79 4.21 0.022

01M0060C l.Ow 0.00233 9.31461 0.27070 2.01341 40.43 4.71 74.49 14.39 0.012

01M0060D 1.3w 0.00187 10.97707 0.26693 2.13428 43.42 4.84 79.42 14.19 0.010

01M0060F 1.5w 0.00096 6.87649 0.16323 1.38581 46.07 2.98 83.01 8.68 0.010

Table 2.2: 40Ar/39Ar Data, SO 141 and SO 142 Cruises, Continued



K)

01M0060H

01M0060I

01M0060K

01M0060L

01M0068A

01M0068B

01M0068D

01M0068E

01M0068G

01M0068H

01M0068I

01M0068J

01M0068M

01M0068N

01M00680

01M0068P

01M0086B

01M0086C

01M0086E

01M0086F

01M0086H

01M0086I

01M0086J

01M0086L

01M0086M

01M0086N

01M0086P

01M0088B

01M0088C

01M0088E

01M0088F

01M0088G

01M0088I

01M0088J

01M0088K

01M0088M

01M0088N

01M00880

3w

5w

7w

fusion

0.45w

0.45w

0.5w

0.55w

0.65w

0.75w

0.85w

l.Ow

1.25w

1.5w

1.85w

fusion

0.4w

0.45w

0.5w

0.55w

0.65w

0.75w

0.85w

l.Ow

1.25w

1.85w

fusion

0.4w

0.45w

0.5w

0.55w

0.65w

0.75w

0.85w

l.Ow

1.25w

1.85w

fusion

0.00025 2.32067 0.04904 0.44206 48.88 16.49 85.75

0.00106 5.52701 0.11805 1.05145 48.31 7.3 76.99

0.00137 4.25758 0.08436 0.72161 46.42 6.3 64.03

0.00458 43.57533 0.84926 7.64070 48.79 4.35 84.95

1.01077 9.43263 13.48286 139.92796 55.31 4.66 31.90

0.07643 4.23080 5.07822 48.23374 50.69 1.11 68.11

0.06758 4.69912 5.57102 52.97110 50.74 0.94 72.62

0.02770 2.82315 3.08408 29.19240 50.52 0.85 78.10

0.02359 4.11384 3.52315 33.53027 50.79 0.73 82.79

0.02420 5.85227 4.35019 41.63463 51.07 0.74 85.34

0 0.02566 6.79499 3.99936 35.94408 48.00 0.7 82.58

0 0.06916 23.05505 11.65436 100.83211 46.23 0.62 83.15

0 0.02948 20.34313 6.31051 49.53624 41.99 0.64 85.04

0 0.03862 33.98018 6.86053 52.52485 40.97 0.71 82.15

0 0.02572 27.96436 3.03671 22.54773 39.75 1.12 74.79

0 0.15450 111.26956 8.61993 68.03098 42.22 1.57 59.84

0 0.75113 3.39663 0.77777 63.75500 321.03 40.6 22.31

0 0.22304 5.22731 0.46041 15.14650 135.78 22.82 18.69

0 0.07879 3.89119 0.27723 6.53412 98.30 14.17 21.91

0 0.02932 3.54584 0.16098 2.89825 75.57 10.53 25.07

0 0.04761 12.00859 0.41337 6.82731 69.44 6.17 32.67

0 0.00654 12.05496 0.32006 4.36907 57.59 2.45 69.35

0 0.01470 9.65066 0.23934 3.54810 62.45 4.11 44.96

0 0.00927 11.02842 0.27264 3.94966 61.05 3.22 59.03

0 0.02777 24.44048 0.82484 10.86662 55.61 2.73 56.97

1 0.01549 42.69725 1.28802 13.79832 45.35 1.81 75.09

1 0.01653 73.28377 2.80188 30.49033 46.05 1.33 86.19

0 0.34620 3.71063 0.48719 35.00939 288.92 31.12 25.50

0 0.04032 2.43450 0.13045 3.62351 117.23 16.64 23.32

0 0.02263 2.64981 0.12939 2.81554 92.48 9.41 29.63

0.00699 2.64453 0.09539 1.65518 74.12 7.29 44.50

0.00555 3.52936 0.10154 1.78050 74.89 6.96 52.06

0.01034 5.40063 0.16960 3.05984 77.00 5.02 50.04

0.00678 13.38456 0.32435 5.72513 75.37 3.09 74.06

0.00432 11.39135 0.27038 4.79145 75.66 3.07 78.95

0 0.00577 8.50661 0.24508 3.69294 64.54 3.16 68.43

0 0.00693 31.84706 0.53782 7.07604 56.48 3.16 77.55

0 0.02199 60.25420 0.92081 11.46201 53.48 3.51 63.82

Table 2.2: 40Ar/39Ar Data, SO 141 andSO 142 Cruises, Continued

2.61 0.009

6.28 0.009

4.49 0.009

45.15 0.008

17.84 0.615

6.72 0.516

7.37 0.510

4.08 0.470

4.66 0.368

5.76 0.320

5.29 0.253

15.42 0.217

8.35 0.133

9.08 0.087

4.02 0.047

11.41 0.033

9.92 0.098

5.88 0.038

3.54 0.031

2.05 0.020

5.27 0.015

4.08 0.011

3.05 0.011

3.48 0.011

10.53 0.015

16.44 0.013

35.75 0.016

14.28 0.056

3.82 0.023

3.79 0.021

2.80 0.016

2.98 0.012

4.97 0.014

9.51 0.010

7.92 0.010

7.18 0.012

15.76 0.007

26.99 0.007



01FV10098B 0.4w

01M0098C 0.45w

01M0098D 0.5w

01M0098F 0.55w

01M0098G 0.65w

01M0098H 0.75w

01M0098J 0.85w

01M0098K l.Ow

01M0098L 1.5w

01M0098N 1.8w

01M00980 2.1w

01M0098P 2.4w

01M0098Q fusion

01M0124B 0.4w

01M0124C 0.45w

01M0124D 0.5w

01M0124F 0.55w

01M0124G 0.65w

INJ
01M0124H 0.75w

O-v 01M0124J 0.85w

01M0124K l.Ow

01M0124L 1.4w

01M0124M 1.4w

OlMOI240 1.6w

01M0124P 1.8w

01M0124Q 2.0w

01M0124R fusion

01M0125B 0.4w

01M0125C 0.45w

01M0125D 0.5w

01M0125F 055w

01M0125G 0.65w

01M0125H 0.75w

01M0125I 0.85w

01M0125J l.lw

01M0125L 1.3w

01M0125M 1.5w

01M0125N 1.7w

0 1.22533 3.74481 2.80975 42.06125 78.94 13.18 10.41 5.14 0.323

0.16392 1.36137 0.82774 8.04173 51.63 6.15 14.24 1.51 0.261

0.10419 1.32770 0.99689 9.53186 50.82 3.33 23.64 1.82 0.323

0.11833 1.58963 1.56085 14.97417 50.99 2.36 29.98 2.85 0.422

0.04742 1.41758 1.25902 11.98070 50.58 1.21 46.09 2.30 0.382

0.09783 2.42415 2.12796 20.07444 50.15 1.46 40.98 3.89 0.377

0.05801 3.37232 2.56082 23.69900 49.21 0.8 58.03 4.68 0.327

0.02087 1.22678 0.80850 7.46069 49.07 1.17 54.75 1.48 0.283

0.15934 21.75962 9.83047 88.75025 48.02 0.58 65.34 17.98 0.194

0 0.07733 26.97737 6.84176 58.87529 45.80 0.47 72.04 12.51 0.109

0 0.10026 36.26944 6.76381 57.78899 45.48 0.57 66.11 12.37 0.080

0 0.07453 27.32340 4.15275 35.16189 45.07 0.68 61.49 7.59 0.065

0 0.32134 112.84201 14.14843 123.22507 46.35 0.83 56.48 25.87 0.054

0 0.97224 1.43091 1.16166 33.12101 127.19 42.93 10.34 3.14 0.349

0 0.39620 1.55001 0.79970 13.46804 76.21 25.9 10.32 2.16 0.222

0.10020 0.75161 0.40395 3.86900 43.74 13.43 11.56 1.09 0.231

0.09894 1.26328 0.94780 9.07306 43.71 5.57 23.68 2.56 0.323

0.09037 2.36659 1.53793 14.43101 42.86 3.18 35.08 4.15 0.279

0.03199 1.53705 0.79997 7.57121 43.22 2.36 44.47 2.16 0.224

0.04678 1.93722 0.95993 9.00539 42.85 2.87 39.45 2.59 0.213

0.02553 2.61573 1.78197 16.56367 42.46 1.09 68.71 4.81 0.293

0.04304 6.78918 4.25031 39.73671 42.70 0.77 75.75 11.48 0.269

0.01877 9.16817 5.08045 47.29132 42.52 0.53 89.50 13.72 0.238

0.01795 17.90291 7.92746 73.54271 42.38 0.47 93.27 21.41 0.190

0 0.00693 13.47777 4.26289 37.25873 39.95 0.48 94.79 11.51 0.136

0 0.00640 17.20598 3.16061 26.04883 37.70 0.5 93.23 8.54 0.079

0 0.02240 48.54562 3.95212 32.39665 37.50 0.89 83.03 10.67 0.035

0 0.20812 1.06238 0.88749 20.91034 99.92 11.42 25.37 3.00 0.359

0 0.11403 1.19189 0.80461 14.51767 77.01 7.12 30.11 2.72 0.290

0 0.12871 1.73460 1.18078 17.54091 63.64 5.48 31.56 3.99 0.293

0 0.08025 2.06718 1.45176 16.95039 50.21 2.88 41.68 4.91 0.302

0 0.02322 1.22810 0.64097 6.83476 45.91 2.31 49.90 2.17 0.224

0.03411 1.97603 1.40907 13.40352 41.01 1.33 57.08 4.77 0.307

0.01489 1.13918 0.87990 8.11355 39.77 1.06 64.84 2.98 0.332

0.04282 4.97083 2.68439 25.01413 40.18 0.97 66.41 9.08 0.232

0.01356 2.25138 1.02124 9.46187 39.95 0.88 70.25 3.45 0.195

0.03231 6.59271 2.53200 23.28928 39.67 0.82 70.92 8.56 0.165

0 0.02090 10.94603 3.14062 26.10257 35.88 0.61 80.87 10.62 0.123

Table 2.2: 40Ar/39Ar Data, SO 141 and SO 142 Cruises, Continued



K)

01M01250 2.0w

01M0125P 2.3w

01M0125Q fusion

01M0135B 0.45w

O1M0135C 0.5w

01M0135D 0.55w

01M0135F 0.65w

O1M0135G 0.75w

01M0135H 0.85w

01M0135I l.Ow

01M0135K 1.2w

01M0135L 1.4w

01M0135M 1.6w

01M0135N 1.8w

01M0135O 2.0w

01M0135Q fusion

01M0146B 0.65W

01M0146C l.Ow

01M0146D 1.3w

01M0146F 1.5w

01M0146G 3w

01M0146H 5w

01M0146I 7w

01M0146K 9w

01M0146L partial fusion

01M0146M partial fusion

01M0146N fusion

O1M0156B 0.4w

01M0156C 0.45w

01M0156D 0.55w

01M0156F 0.65w

01M0156G 0.75w

01M0156H 0.85w

01M0156I l.Ow

01M0156J 1.2w

01M0156K 1.4w

01M0156M 1.6w

01M0156N 1.8w

0 0.02110 18.99566 3.07140 23.38306 32.90 0.66 78.95

0 0.04611 24.76106 3.22230 25.85895 34.66 1 65.49

0 0.08874 106.80680 6.63942 46.51148 30.29 1.18 63.95

0 0.16680 2.42367 0.80072 11.01917 77.87 13.64 18.27

0 0.04302 1.00332 0.23250 2.96418 72.25 12.89 18.91

0 0.03254 1.80231 0.29014 2.31186 45.49 8.53 19.38

0 0.01530 1.58274 0.20643 1.29047 35.79 5.58 22.20

0 0.01921 2.40179 0.32486 1.78982 31.58 4.24 23.97

0 0.02562 4.44950 0.49535 2.44736 28.34 3.72 24.43

0 0.01188 4.72384 0.43515 1.71862 22.69 2.58 32.87

0.01808 13.03753 1.14188 3.37233 17.00 1.71 38.70

0.01022 11.68795 0.86593 2.50038 16.62 1.33 45.29

0.00454 13.48029 0.79598 2.16269 15.64 1.29 61.72

0.00681 12.86158 0.69961 1.92068 15.80 1.67 48.82

0.00729 13.76123 0.64025 1.70058 15.29 1.85 44.10

0.02452 80.14766 2.04877 5.61372 15.77 2.75 43.66

0.00056 0.00000 0.00371 0.14430 184.27 138.2 46.54

0.00033 0.00000 0.00571 0.06791 58.40 98.35 41.03

0.00045 0.00000 0.01922 0.20008 51.20 29.2 59.91

0.00023 0.33155 0.02316 0.23557 50.03 10.32 77.43

0.00119 0.58846 0.07208 0.57884 39.62 4.51 62.14

0.00112 2.46006 0.17637 1.55100 43.34 1.64 82.41

0.00223 9.83552 0.57538 4.93162 42.26 1.17 88.22

0.00387 37.75033 2.09600 18.39740 43.26 1.18 94.14

0.00367 36.48971 1.93637 17.00407 43.28 1.19 94.01

0.00388 48.06535 2.51434 22.20345 43.52 1.15 95.09

0.01663 141.25807 7.20463 63.98826 43.77 1.15 92.87

0 0.25474 0.22851 0.42345 8.95148 106.73 34.48 10.63

0 0.30263 0.77762 0.44896 10.15700 113.99 38.56 10.20

0 0.37255 1.72808 0.72604 14.90459 103.73 29.56 11.92

0 0.14857 0.57541 0.25445 5.26624 104.56 33.59 10.71

0 0.20002 1.21101 0.43843 7.31109 84.71 26.6 11.01

0 0.31715 2.66401 0.84311 12.16704 73.54 22.06 11.49

0 0.31315 2.28487 0.84013 13.13276 79.52 21.76 12.43

0 0.21071 7.15678 1.64442 15.69513 48.97 7.71 20.13

0 0.10704 4.33884 1.17032 9.51188 41.79 5.65 23.12

1 0.02704 5.60877 1.36480 8.71033 32.89 1.61 52.15

1 0.08934 9.67024 2.22436 14.42304 33.41 2.56 35.33

Table 2.2: 40Ar/39Ar Data, SO 141 and SO 142 Cruises, Continued

10.39 0.070

10.90 0.056

22.46 0.027

8.92 0.142

2.59 0.100

3.23 0.069

2.30 0.056

3.62 0.058

5.52 0.048

4.85 0.040

12.72 0.038

9.65 0.032

8.87 0.025

7.79 0.023

7.13 0.020

22.82 0.011

0.03 0.000

0.04 0.000

0.13 0.000

0.16 0.030

0.49 0.053

1.21 0.031

3.93 0.025

14.33 0.024

13.24 0.023

17.19 0.022

49.26 0.022

1.56 0.797

1.65 0.248

2.67 0.181

0.93 0.190

1.61 0.156

3.10 0.136

3.09 0.158

6.04 0.099

4.30 0.116

5.02 0.105

8.17 0.099



oo

01M01560 2 0w

01M0156P 2 2w

01M0156Q 2 4w

01M0156T 2 8w

01M0156U fusion

01M0169C single fusion

01M0169D single fusion

01M0169E single fusion

01M0169F single fusion

01M0169H single fusion

01M0169I single fusion

01M0169J single fusion

01M0169K single fusion

01M0169L single fusion

01M0170A 0 4w

01M0170B 0 5w

01M0170C 0 55w

01M0170D 0 65w

01M0170F 0 75w

01M0170G 0 85w

01M0170H lOw

01M0170I 1 2w

01M0170K 14w

01M0170L 1 6w

01M0170M 18w

01M0170N 2 0w

01M0170P fusion

01M0173B 0 45w

01M0173C 0 55w

01M0173D 0 65w

01M0173E 0 75w

01M0173G 0 85w

01M0173H lOw

01M0173I 1 2w

01M0173J 14w

01M0173K 1 6w

01M0173M 18w

01M0173N fusion

1 0 00902 9 62458 1 74551 11 23429 33 17 0 97 80 83

1 0 05202 16 51740 2 76366 17 68424 32 98 14 53 50

1 0 06713 47 05263 5 44695 34 25253 32 41 106 63 33

0 0 01869 15 37906 1 85930 10 86474 30 14 0 95 66 29

0 0 06373 61 22932 5 02039 25 84343 26 58 1 18 57 85

001113 10 30200 0 65505 5 89706 4485 1 59 64 19

0 02964 11 93939 0 82012 7 43814 45 18 2 48 45 93

0 01621 9 21106 0 65832 5 95324 45 05 2 03 55 41

0 00771 912018 0 64382 5 72610 44 31 144 71 54

0 02293 10 71851 0 73559 6 64389 44 99 2 27 49 51

0 02764 10 48512 0 64666 5 98719 46 11 2 92 42 30

0 00860 10 89498 0 60359 5 41211 44 67 1 62 68 06

0 04409 14 02895 1 10620 10 18997 45 88 2 64 43 89

0 04079 11 84309 0 87830 7 96862 45 19 3 13 39 80

0 1 14627 4 33502 3 72191 54 71306 81 81 19 65 13 91

0 0 20697 3 97756 1 92876 18 50042 53 80 7 05 23 22

0 0 04939 2 88062 1 00057 8 73023 49 01 3 44 37 43

0 02213 2 48961 0 56026 4 64043 46 55 2 99 41 50

0 01498 0 00443 0 54444 4 31853 44 61 2 17 49 38

0 02273 0 00780 1 06840 8 38146 44 12 161 55 52

0 01138 000369 0 55069 4 43023 45 23 181 56 84

0 01257 0 00712 0 93949 7 42464 44 44 109 66 65

0 00807 0 00869 1 22233 946956 43 58 0 76 79 89

0 03149 0 05193 6 82530 53 00663 43 68 0 55 85 06

0 0 00865 0 01484 1 62986 12 25501 42 31 0 62 82 74

0 0 00543 0 01070 0 94463 7 04028 41 94 0 68 8143

0 0 00419 0 00000 0 41268 3 33042 45 37 107 72 90

018108 0 80602 0 48976 5 22958 56 04 22 42 8 90

013809 1 01435 0 48714 5 02948 54 22 17 22 10 97

0 12113 1 20274 0 52452 5 49374 54 99 14 12 13 31

0 17847 1 88861 1 02329 10 80756 55 44 10 59 17 01

0 20880 2 21728 1 53369 15 83067 54 20 8 33 20 42

019655 3 61311 2 29773 23 32669 53 33 5 31 28 65

018616 7 65674 4 51163 45 33569 52 79 2 61 45 18

0 08759 7 00722 3 86646 38 50724 52 33 1 58 59 80

010218 16 40122 7 71207 76 78536 52 31 105 71 78

0 0 03917 16 02226 5 75490 52 83859 48 29 0 69 82 03

0 015761 137 01487 18 87896 176 87422 49 27 0 89 79 16

Table 2.2: 40Ar/39Ar Data, SO 141 andSO 142 Cruises, Continued

6 41 0 078

10 16 0072

20 02 0050

6 83 0 052

18 45 0 035

971 0 027

12 15 0 030

9 76 0 031

9 54 0 030

10 90 0 030

9 58 0 027

8 95 0 024

16 39 0 034

13 02 0 032

17 43 0 369

9 03 0 209

4 69 0 149

2 62 0 097

2 55 52 837

5 00 58 881

2 58 64 193

4 40 56 701

5 73 60 473

31 97 56 520

7 63 47 215

4 42 37 950

193 0 000

104 0 261

103 0 207

1 11 0188

2 17 0 233

3 26 0 297

4 88 0 273

9 58 0 253

821 0 237

16 38 0 202

12 22 0 154

40 10 0 059



01M0174A 0.40 W

01M0174B 0.5w

01M0174C 0.55w

01M0174E 0.6w

01M0174F 0.65w

01M0174G 0.7w

01M0174H 0.8w

01 MOI 741 0.95w

01M0174K 1.10W

01M0174L 1.25 W

01M0174M 1.40 W

01M0174N 1.60 W

01M01740 2.00 W

01M0174Q fsn

01M0175A 0.45w

01MO175B 0.65w

01M0175C 0.75w

01M0175D 0.85w

K) 01M0175F l.Ow

^O 01M0175G 1.2w

01M0175H 1.4w

01M0175I 1.5w

01M0175J 1.6w

01M0175L 2.0w

01M0175M 2.0w

01M0175N 2.2w

01M01750 4.5W

01M0175P fusion

01M0186B 0.45w

01M0186C 0.55w

01M0186D 0.65w

01M0186E 0.75w

01M0186G 0.85w

01M0186H l.Ow

01M0186I 1.2w

01M0186J 1.4w

01M0186K 1.5w

01M0186M 1.7w

0.29198 2.06061 2.51597 24.14823 50.74 7.09 21.87 5 68 0.525

0.23625 5.38601 5.48363 53.42213 51.49 2.69 43.35 12.38 0.438

0.05265 2.58941 2.19013 21.64033 52.22 1.63 58.18 4.95 0.364

0.07123 6.86503 5.34422 54.24392 53.62 1.08 72.04 12.07 0.335

0.03698 7.04590 4.73357 48.09597 53.67 0.86 81.49 10.69 0.289

0.01618 5.44071 3.23718 32.39201 52.87 0.87 87.14 7.31 0.256

0.01905 7.88230 4.61784 46.25053 52.92 0.74 89.15 10.43 0.252

0 0.01616 11.45287 5.27011 49.19165 49.37 0.56 91.15 11.90 0.198

0 0.01276 13.41021 4.00954 34.65003 45.75 0.58 90.18 9.05 0.129

0 0.01852 24.22538 4.68145 38.05762 43.07 0.61 87.42 10.57 0.083

0 0.00621 10.26831 1.17746 8.98381 40.45 0.82 83.03 2.66 0.049

0 0.00394 9.37072 0.68842 5.32822 41.03 1.11 82.07 1.55 0.032

0 0.Q0272 6.94041 0.33525 2.43933 38.60 1.75 75.21 0.76 0.021

0 0.04204 77.13850 2.58530 18.29044 37.54 2.25 59.55 5.52 0.014

0.07066 0.87349 0.08782 1.41849 83.01 50.33 6.36 1.40 0.043

0.08598 1.36209 0.16939 2.32676 70.83 31.4 8.39 2.70 0.053

0.08987 2.31713 0.25697 2.92295 58.85 21.71 9.91 4.10 0.048

0.05426 2.09703 0.20230 2.23115 57.09 18.03 12.21 3.23 0.041

0.03260 2.23052 0.15396 1.72837 58.09 13.54 15.21 2.46 0.030

0.08940 5.35853 0.54961 6.05445 57.02 9.87 18.65 8.77 0.044

0.06306 6.76166 0.53620 5.73892 55.43 7.32 23.55 8.55 0.034

0.03999 7.05754 0.50445 5.25573 53.98 5.56 30.78 8.05 0.031

0.01999 6.92614 0.38151 4.04711 54.94 3.9 40.66 6.09 0.024

0.01848 11.12523 0.45530 4.49805 51.22 4.1 45.17 7.26 0.018

0.01807 12.42232 0.43506 4.32992 51.59 4.39 44.77 6.94 0.015

0.01253 8.95535 0.27744 2.67532 50.01 5.64 41.94 4.43 0.013

0.03563 25.08332 0.64420 6.57573 52.90 4.85 38.44 10.28 0.011

0.05279 115.69819 1.61407 14.67436 47.19 4.96 48.47 25.75 0.006

0 0.81620 1.04868 1.49233 63.67123 187.01 26.53 20.89 1.55 0.612

0 0.21698 0.97497 0.57182 16.97213 132.12 19.19 20.93 0.59 0.252

0 0.30846 1.94777 1.38956 30.33886 98.12 11.39 24.97 1.45 0.307

0 0.27097 1.97927 1.27034 27.61881 97.72 11.01 25.65 1.32 0.276

0 0.14893 1.47326 1.26024 19.74850 70.96 6.31 30.97 1.31 0.368

0 0.06449 1.42237 0.79679 11.50023 65.46 4.8 37.64 0.83 0.241

0 0.22357 4.34340 3.04198 41.82691 62.41 3.92 38.77 3.16 0.301

0 0.31545 12.79961 7.65502 96.72389 57.43 2.25 50.92 7.96 0.257

0 0.09755 8.95306 4.77495 54.55615 52.01 1.28 65.43 4.97 0.229

1 0.04274 11.29913 6.29081 68.79768 49.81 0.74 84.49 6.54 0.239

Table 2.2: 40Ar/39Ar Data, SO 141 and SO 142 Cruises, Continued



o

01M0186N

01M01860

01M0186P

01M0186Q

01M0186S

01M0186T

01M0194B

01M0194C

01M0194D

01M0194E

01M0194G

01M0194H

01M0194I

01M0194J

01M0194K

01M0194L

01M0194N

01M01940

01M0196B

01M0196C

01M0196D

01M0196E

01M0196G

01M0196H

01M0196I

01M0196J

01M0196L

01M0196M

01M0196N

01M0196O

1.9w

2.1w

2.3w

3.0w

3.5w

fusion

0.45w

0.55w

0.65w

0.75w

0.85w

l.Ow

1.2w

1.4w

1.8w

2.6w

3.5w

fusion

0.45w

0.55w

0.65w

0.75w

0.85w

l.Ow

1.2w

1.4w

1.8w

2.6w

3.5w

fusion

1 0.03723 11.95699 8.07708 88.01082 49.64 0.64 88.89

1 0.03189 14.14000 10.09690 109.85485 49.56 0.58 92.10

1 0.02134 8.16780 6.89169 75.00400 49.58 0.63 92.24

1 0.01048 6.95428 5.44797 59.38552 49.65 0.68 95.04

1 0.01316 7.92233 7.85750 85.20843 49.40 0.59 95.63

0 0.19088 22.11463 29.20658 328.54735 51.22 0.65 85.35

1 0.00636 0.00000 0.13766 1.16273 44.15 3.38 38.24

1 0.00452 0.00000 0.11790 1.01826 45.13 4 43.25

1 0.00582 0.46069 0.16218 1.37319 44.25 2.17 44.38

1 0.00784 1.14785 0.35673 3.08135 45.14 1.19 57.08

1 0.01489 1.57269 0.67317 5.80759 45,08 1.16 56.90

1 0.01685 3.04989 1.01489 8.68048 44.70 0.85 63.55

1 0.02595 6.13919 1.86011 15.88135 44.62 0.62 67.44

1 0.02037 10.18568 1.89749 16.15237 44.49 0.58 72.85

1 0.02465 31.97099 2.53936 21.45940 44.17 0.85 74.66

1 0.01441 18.23515 1.58133 13.32249 44.04 0.82 75.77

1 0.01193 24.80472 1.38523 11.56655 43.65 1.12 76.64

1 0.03853 149.61045 4.74594 40.47192 44.57 1.74 78.04

1 0.00627 0.33005 0.04808 0.41177 47.40 22.36 18.19

1 0.01428 0.35620 0.14497 1.01508 38.84 9.57 19.39

1 0.00827 0.10054 0.20438 1.51521 41.10 5.83 38.27

1 0.00730 0.10694 0.15094 1.14279 41.96 7.63 34.62

1 0.01172 1.20178 0.34440 2.39956 38.65 2.81 40.94

1 0.00629 0.72750 0.31071 2.13319 38.09 2.07 53.44

1 0.01640 4.57144 1.22083 8.36907 38.03 1.14 63.32

1 0.00564 6.69657 1.00458 6.87508 37.97 0.88 80.48

1 0.00546 9.68115 1.01968 6.80799 37.05 1.05 80.85

1 0.00401 11.19174 0.85120 5.64792 36.83 1.09 82.65

1 0.00313 15.35085 0.67359 4.59117 37.82 1.63 83.21

1 0.01280 128.63523 3.25126 24.16261 41.20 2.51 86.47

Table 2.2: 40Ar/39Ar Data, SO 141 and JSO 142 Cnlises, Ci»ntinuet1

8.40 0.290

10.50 0.307

7.17 0.363

5.67 0.337

8.17 0.426

30.39 0.568

0.84 0.000

0.72 0.000

0.98 0.151

2.17 0.134

4.09 0.184

6.16 0.143

11.29 0.130

11.52 0.080

15.42 0.034

9.60 0.037

8.41 0.024

28.81 0.014

0.52 0.063

1.57 0.175

2.22 0.874

1.64 0.607

3.73 0.123

3.37 0.184

13.23 0.115

10.89 0.065

11.05
"

0.045

9.23 0.033

7.30 0.019

35.25 0.011



3 Geochemistry of the Hawaiian Chain

Tim Worthington and Peter Stoffers

The Hawaiian-Emperor Seamounts form a chain that consists of more than 107

volcanoes, stretches more than 5800 km from Meiji (near the Aleutian Trench) to Loihi

(SE of Hawaii), and represents a total volume of erupted magma in excess of 106 km

(Clague and Dalrymple, 1989). Seamounts along the chain show a progressive SE-

younging from Meiji (-90 Ma) to Loihi (active), and this is consistent with NW

movement of the Pacific Plate over a stationary mantle plume (Figs 1.1, 1.2). However,

a major change in Pacific Plate motion is required at -43 Ma (at Yuryaku-Daikakuji

Seamounts) together with a few smaller changes (e.g., -25 Ma near Smt 72). Both

volcano spacing and volume vary irregularly along the chain from near continuous large

volume volcanic ridges (southern Emperors and the Hawaiian Islands) to widely

separated small discrete seamounts (e.g., Abbott to Halsley). For much of its length the

Hawaiian-Emperor Chain is essentially linear, but some sections appear to consist of

two or more sub-parallel chains (e.g., between Smt 63 and Smt 72, and the Kea and Loa

trends on Hawaii).

Most studied Hawaiian volcanoes evolve with time through an initial akalic phase

(small volume), a dominant tholeiitic phase that represents the passage of the volcano

over the centre of the plume (>95% of the lavas), a late-stage alkalic phase which caps

the volcano, and a rejuvenated (post-erosional) alkalic phase that may persist for as long

as 6 m.y. after the tholeiitic phase has ceased (Clague and Dalrymple, 1989). These

observations are biased towards the well-exposed and well-studied youngest volcanoes

of the Hawaiian Chain (Kauai-Loihi). In particularly, it is not known whether the small

discrete seamounts found on some sections of the Hawaiian-Emperor Chain follow the

same evolutionary path.

Furthermore, there are distinct geochemical differences (major and trace elements,

and Sr-Nd-Pb isotopes) between the tholeiites of adjacent young Hawaiian volcanoes

(e.g., Mauna Kea and Mauna Loa). These have been attributed by different workers to

differences in volcano-plume geometry (e.g., Lassiter et al., 1996), plume composition

(e.g., Frey et al., 1994), or melt generation processes (e.g., different lithospheric

thickness). Similarly, although some studies have shown that the Sr isotopic
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composition of the Hawaiian Chain is broadly constant, values of Sr/ Sr

progressively decrease from the Hawaiian-Emperor bend northwards along the

Emperor Chain towards Meiji (Lanphere et al., 1980). This variation, and concomitant

changes in Nd-Pb isotopes and trace element abundances, may reflect either proximity

of the northern Emperors to a now subducted paleo-spreading centre (Keller et al.,

2000), or changes in melting due to variations in lithospheric thickness (Regelous et al.,

2001).

The -43 Ma age of the Hawaiian-Emperor bend was determined from an age date

on an alkalic Yuryaku lava that may be from the late-stage or rejuvenated stage of

activity at this seamount. Therefore, the prime aim of the geochemistry program was to

identify tholeiitic lavas from Yuryaku and Daikakuji in order to obtain the true age of

the Hawaiian-Emperor bend. Secondary aims included identifying tholeiitic lavas from

other Hawaiian Chain seamounts for age dating, establishing whether both large and

small seamounts evolve through the 4 volcanic phases, determining whether there

geochemical changes along the Hawaiian Chain, and resolving whether or not the

progressive change in isotopic and trace element composition of tholeiites along the

Emperor Chain terminates at the -43 Ma bend.

3.1 Samples and Processing

Cruise SO 141 of the FS SONNE visited 17 Hawaiian Seamounts between the -43

Ma Hawaiian-Emperor bend near Yuryaku and the -25 Ma bend near Smt 72 (Fig. 1.2).

Dredging concentrated on steep collapse scarps of the mid-upper seamount flanks. It

was hoped that this would bias sample collection in favour of recently exposed (and

thus relatively fresh) tholeiitic lavas from the main shield-building phase, and avoid

both the late-stage alkalic and rejuvenated stage alkalic lavas that are concentrated near

the summits of the recently extinct Hawaiian volcanoes.

A total of 350 samples were recovered by the dredging program, with better sample

recovery at the older seamounts near the Hawaiian-Emperor bend. Recovered material

ranged from aphyric to olivine-rich (15% phenocrysts) basalts, rare trachytic lavas, and

numerous breccias and deeply weathered hyaloclastite. Crusts of Fe-Mn oxides were

more common on the younger seamounts at the eastern end of the study area, and rarely

found on the older seamounts. This surprising result might reflect; (1) stripping and
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non-recovery of thicker Fe-MnOx crusts from the western lavas during dredging

(whereas thinner crusts were recovered still attached to the lavas), (2) recent collapses

or slumping preferentially occurring at the older western seamounts, or (3) greater

hydrothermal activity on the generally larger seamounts at the eastern end of the study

area.

All recovered lavas have undergone significant but variable degrees of marine

weathering. Olivine phenocrysts were completely pseudomorphed by iddingsite, with

only rare relic cores occasionally found in a few lavas from the younger eastern

volcanoes. In contrast, plagioclase and pyroxene were generally unaltered. The

groundmass was pervasively altered with the development of chlorite and other fine

grained clay minerals. A few lavas had very thin crusts of partly palagonised glass, but

it proved impossible to separate any relic fresh glass from secondary carbonates and

associated Fe-Mn oxides. Vesicular lavas were characterised by partial to complete

infilling ofvesicles by zeolite minerals, sometimes in association with carbonates.

The freshest 76 lavas were selected for geochemical analyses. Blocks of the freshest

available material were cut from these lavas, cleaned, and coarse crushed. Attempts

were made to minimise zeolite contamination by hand-picking the coarse-crushed chips,

but this usually proved futile on account of the zeolite abundance and thin in-grown

rims on many vesicles. No attempt was made to remove iddingsite. The coarse chips

were then boiled in deionised water in an ultrasound bath for 1 hour (or longer where

necessary), dried, and fine crushed in an agate mortar. Loss on ignitions were

determined by roasting 4 g of sample powder in a furnace at 1000°C for 6 hours.

Standard fused glass disks (lithium metaborate flux) were prepared for major element

analysis using the Philips PW 1400 XRF spectrometer at the University of Kiel. Trace

elements were determined by dissolving 250 mg of powder with HF and HNO3 acids,

drying, re-dissolving the precipitate in 2N HNO3, and analysed using the VG

PlasmaQuad ICP-MS at the University ofKiel.

3.2 Major and Trace Element Analyses

Major and trace element analyses of the 76 selected lavas are provided in Table 3.1.

Although loss on ignition values are reasonable (0.7 to >5 wt.%, average 2.7 wt.%), the

more mobile elements have clearly been affected by the pervasive marine weathering
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and possibly sub-aerial weathering prior to submergence of the volcano. For example,

K2O/P2O5 ranges from less than 0.5 to greater than 3 for our lavas, whereas fresh basalts

from Mauna Loa consistently have K2O/P2O5 -1.6 (Yang et al., 1996). Low values of

K2O/P2O5 may reveal leaching of K2O or scavenging of P2O5 during growth of zeolites

(± carbonates ± phosphates). Nevertheless, major element discrimination diagrams

clearly show some lavas from Yuryaku, Daikakuji, Halsley and Midway are tholeiitic

(Figs 3.1, 3.2).

Not all elements are mobile during weathering. Some pairs of geochemically similar

elements are tightly constrained to near primordial ratios in nearly all of our recovered

lavas (e.g., Zr/Hf - 36.7 ± 1.9, Nb/Ta = 15.4 ± 0.9; Fig. 3.3). Elements such as these,

which are immobile during weathering, provide an alternative method for classifying

deeply weathered lavas as either tholeiitic or alkalic. The classification relies on the

principle that tholeiites are generated by higher degrees of partial melting of the source

than alkalic lavas, and therefore the more incompatible element of any element pair is

less enriched in the tholeiites (effectively it is "diluted"). Several studies of young lavas

from Mauna Loa and Mauna Kea confirm the general applicability of the principle (e.g.,

Rhodes, 1996). Nevertheless, it is necessary to assume that there are no major changes

in the source composition for the chosen elements. We have used this technique to

verify the classification of our lavas, are able to confirm that some lavas from Yuryaku,

Daikakuji and Midway are tholeiitic, and further suggest that some others (in particular

from Abbott) are probably deeply weathered tholeiites (Figs 3.4, 3.5).

Other elements that are immobile during marine weathering can be used to

investigate the source composition of the Hawaiian plume. Values of (Nb/Th)p,-im are

remarkably constant at 2.3 ± 0.4 in all dredged lavas, whether tholeiitic or alkalic (Fig.

3.6). The non-primitive value of (Nb/Th)prim ~2 (cf. primitive mantle = 7.6) is a

characteristic of most young Hawaiian lavas and has been used to argue for recycling of

old oceanic crust through subduction followed by upwelling in the Hawaiian plume

(Hofmann, 1986). Clearly, this is also a feature that has characterised the Hawaiian

plume since -43 Ma. Likewise, the majority of our samples have low values of

(Th/La)prim and (Th/Ba)prim that overlap with the young Hawaii field of Hofmann and

Jochum (1996) and are distinct from most other mantle plumes excepting Iceland.

However, anomalously high (Th/Ba)prim values in several of our samples probably
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Alkalinity index = total alkalis - ((silica*0.37)-14.43)
Some lavas from Yuryaku, Daikakuji, Abbott, Halsley andMidway are tholeiites
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Some additional lavas fromYuryaku, Daikakuji, Kammu, Abbott, Midway and Ladd

are revealed as deeply weathered tholeiites when immobile elements are compared to

present day tholeiites from Mauna Kea and Mauna Loa
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Further confirmation from immobile elements that some Yuryaku, Daikakuji, Kammu,
Abbott, Halsley, Midway and Ladd lavas are tholeiitic, and that others may be

transitional in character
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Fig. 3.6: (Nb/Th)^ for Western Hawaiian Ridge lavas

These highly incompatible elements are tightly constrained in most lavas, indicating
that they have notbeen significantly affected by marine weathering. They further reveal

that the characteristic non-primitive nature of some highly incompatible element ratios

in Hawaiian lavas has persisted back to the Hawaiian-EmpeiRor bend
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Hawaii and Iceland are unique among mantle plumes inplotting to the left side ofthe

dividing line on this diagram (arrowed line). Samples plotting to highvalues of(Th/Ba),,,

have probably been affected by Ba mobility during marine weathering

reflect the high mobility of Ba during marine weathering and low temperature

hydrothermal alteration processes (Fig. 3.7).

3.3 Sr, Nd and Pb Isotope Analyses

Isotopic analyses of 10 lavas for Sr, Nd, and Pb were completed. Approximately

250 mg of powder was leached in ultrapure 6N HCl at 120°C for 1 hour, followed by

dissolution in HF. Standard ion exchange techniques were used to produce Sr and Nd

concentrates (modified after White and Patchett, 1984), and Pb concentrates (modified

after Manhes et al., 1978; we used IN HBr for washing and 6N HCl for elution). The

concentrates were analysed using the Finnigan MAT 262 mass spectrometer at

GEOMAR (Kiel). Both Sr and Pb were analysed in static mode on single Re filaments,

whereas Nd was analysed in dynamic mode on a Re filament with a second Re
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ionisation filament. Applied mass fractionation corrections for Sr and Nd were Sr/ Sr

= 0.1194 and 146Nd/144Nd = 0.7219. For Pb, the analyses were fractionation-corrected

using repeated measurements of NBS 981 normalised to its accepted values (Todt et al.,

1996). The relative precision of the NBS 981 runs was <1 %o (2N), and Pb blanks were

negligible (<50 pg). The isotopic determinations are reported in Table 3.2.

The samples selected for isotopic analysis were the freshest and most tholeiitic/least

alkalic lavas from Yuryaku, Daikakuji, Abbott, Halsley, Midway and Ladd. Two

samples were analysed for Yuryaku, Daikakuji, Abbott and Midway, and in each case

these represent different lithologies. Both 87Sr/86Sr and 143Nd/144Nd show the expected

close inverse relationship, and it is apparent that each seamount has a distinct value

(where two samples were analysed from the same seamount). Conversely, ratios within

the Pb isotope system show considerable scatter, probably reflecting ingrowth of 206Pb

and 207Pb resulting from addition ofU during the early stages of marine weathering. The

results presented here will be age corrected using the confirmed results from the

40Ar/39Ar dating program. In addition, ingrowth in the Pb isotope system will be

modelled using these age dates and ICP-MS analyses.

3.4 Provisional Results

Tholeiitic lavas interpreted to represent the main shield building phase of volcanism

have been identified in our samples from Yuryaku, Daikakuji, Abbott, Halsley and

Midway. Age dating of these tholeiites should provide the time at which the volcano

overlay the Hawaiian plume, and thus has the potential to reveal the time at which the

motion of the Pacific Plate changed. Ratios of incompatible elements that are immobile

during marine weathering support our identification of the weathered tholeiites. It is

clear that tholeiitic lavas have been erupted from both the larger seamounts and the

smaller more widely spaced seamounts. Other incompatible element ratios indicate that

the recycled oceanic crustal component in the Hawaiian plume was present in all

sampled Hawaiian Seamounts.

Radiogenic isotope analyses of the freshest samples are within the range of

published Hawaiian-Emperor values, but the Pb-isotope results reveal significant

ingrowth due to U-addition during marine weathering. A full assessment of the isotope
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results awaits the availability of confirmed age dates for both age corrections and Pb

ingrowth modelling.

A rigorous analysis of geochemical changes along the studied section of the

Hawaiian-Emperor Chain is in progress, combining variations in those elements

immobile during marine weathering with the isotope determinations.
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Table 3.1 : Whole Rock Major (XRF) and Trace Element (ICP-MS) Analyses, Hawaiian Ridge: Yuryaku to Salmon

Seamount Yuryaku Yuryaku Yuryaku Yuryaku Yuryaku Yuryaku Yuryaku Yuryaku Yuryaku Yuryaku Yuryaku Yuryaku Yuryaku Yuryaku Yuryaku Daikakuji Daikakuji Daikakuji Daikakuji Daikakuji Daikakuji Daikakuji
Sample 5/1 5/3 6/4 5/5 5/9 5/10 5/11 5/15 5/17 5/19 5/20 5/22 5/24 5/26 5/28 6/3 6/4 6/5 6/6 6/7 6/8 6/10

SO, 48 75 44 77 46 41 46 65 4710 46 47 47 90 4616 45 47 46 82 46 90 47 45 47 05 47 07 45 55 46 64 50 00 46 62 47 32 48 63 46 35 44 53

TiOj 307 3 OS 3 24 2 93 3 03 2 77 2 90 313 279 269 313 2 86 3 27 2 88 2 94 3 49 311 3 67 2 73 2 83 2 78 2 47

Al203 14 56 14 47 15 50 14 80 14 68 15 42 14 41 15 07 13 58 1318 12 82 13 37 13 30 1583 14 86 1418 14 06 1312 12 91 13 07 1153 9 86

Fe203 1124 1199 12 08 12 71 1212 1102 12 69 13 47 12 57 12 31 12 26 11 14 1161 1183 13 04 12 35 1046 12 87 1167 1123 1177 13 79

MnO 016 015 013 016 014 011 014 0 24 016 011 016 016 014 016 018 012 010 013 015 014 015 015

MgO 5 81 4 92 4 40 4 59 5 59 4 68 5 76 5 64 5 94 762 710 6 42 620 5 36 4 50 5 60 4 75 6 67 671 813 8 07 13 33

CaO 10 91 1066 1057 11 14 11 15 10 44 8 36 7 95 9 01 8 81 1128 1158 1145 10 54 1142 991 1010 1008 1014 9 97 1018 8 09

Na,0 2 54 2 87 2 82 2 64 2 27 2 74 2 92 2 94 2 76 261 242 2 29 2 53 2 89 2 56 3 06 2 76 2 57 2 50 266 2 26 191

K30 0 88 063 0 81 0 59 058 0 92 0 96 0 56 103 0 72 0 39 105 060 0 54 0 62 107 0 86 091 0 87 0 78 ff57 0 40

P2Oe 0 34 0 34 0 43 0 88 0 33 0 33 0 32 0 35 0 33 035 0 38 0 81 0 47 0 43 1 14 0 74 0 53 0 45 0 36 0 37 0 33 0 33

LOI 0 73 2 09 176 238 1 74 2 00 4 01 5 07 312 445 127 2 39 125 214 2 46 193 2 40 2 08 1 85 1 63 163 5 70

Total 98 97 95 97 9815 98 47 98 73 96 90 100 37 100 58 96 76 99 67 9811 99 52 97 87 99 67 99 27 99 09 9913 9917 97 21 99 44 95 62 100 56

So 42 2 426 38 5 37 7 36 5 418 38 9 34 5 416 441 344 38 4 386 37 0 421 354 34 9 341 37 2 31 7 351 27 5

Cr 1114 1505 146 5 202 0 162 0 326 4 216 6 161 8 220 9 633 9 585 4 336 9 5551 2372 1909 95 7 2521 413 4 326 4 350 7 593 7 828 9

Co 42 9 482 44 5 49 4 410 56 3 57 0 55 4 52 8 64 5 607 42 6 50 9 50 7 47 9 371 46 7 42 4 491 471 540 72 2

Ni 57 7 965 83 3 80 4 78 5 107 3 103 8 159 2 1150 4091 2331 129 6 170 8 136 3 98 9 631 1130 2212 94 0 140 3 225 5 488 0

Cu 49 7 1282 111 3 131 1 1185 1123 144 3 167 6 156 0 130 7 69 9 1059 93 6 1412 154 0 70 0 102 9 66 7 1142 891 93 0 122 3

Zn 1618 2054 1626 150 6 151 1 175 0 193 9 160 6 1760 130 0 1551 2445 303 6 130 0 1581 238 8 142 3 214 3 156 4 159 2 1374 197 3

Ga 26 5 26 9 27 4 26 6 24 7 27 2 25 8 25 6 251 22 3 229 261 261 266 268 27 3 25 4 23 3 235 22 6 22 6 166

Rb 103 90 98 152 97 128 521 241 801 119 65 55 3 98 80 163 125 210 81 231 126 134 74

Sr 366 0 3615 3S6 0 369 3 334 8 3413 3081 325 6 312 0 298 8 459 7 417 5 504 0 4533 389 6 6314 495 9 537 3 405 4 452 4 4816 293 6

Y 35 5 34 2 37 5 40 9 30 2 31 4 27 4 31 4 318 32 5 26 9 49 8 31 0 273 42 2 34 2 24 9 301 25 0 25 4 24 7 213

2r 173 4 1709 1771 160 2 151 3 1531 156 4 1601 155 9 131 4 1512 1678 1814 1501 163 4 217 6 149 3 1716 136 0 178 2 176 7 146 5

Nb 131 127 136 117 112 107 125 131 125 83 155 149 180 199 124 24 6 141 185 147 167 171 154

Cs 010 0 24 016 0 56 030 0 32 4 53 2 74 7 38 084 0 36 4 94 0 40 0 26 0 59 0 28 1 37 012 158 0 34 0 35 058

Ba 87 0 618 816 40 4 44 0 73 8 97 2 36 4 165 9 31 3 83 6 141 1 107 3 156 4 3341 2417 132 3 174 8 132 5 1387 134 6 98 4

La 11 22 11 37 13 60 15 39 9 93 915 10 23 1181 1132 9 24 13 30 24 46 15 25 15 28 1571 23 04 12 61 15 18 1320 13 98 14 07 1296

Ce 27 25 24 74 27 89 25 56 22 96 22 55 24 50 26 08 24 96 18 07 30 96 32 66 34 22 33 56 25 89 46 73 29 70 30 61 30 30 3319 33 95 29 45

Pr 4 09 4 08 4 57 4 37 3 70 3 54 3 76 4 03 3 85 319 4 66 5 71 513 4 67 4 37 6 82 4 28 4 76 4 49 4 83 4 86 4 25

Nd 20 39 20 54 2255 2174 18 39 18 03 18 51 1967 18 88 16 62 22 43 26 79 24 58 2138 2152 29 82 20 58 23 06 2147 22 84 22 87 19 82

Sm 6 43 6 38 6 84 6 55 5 84 5 80 5 63 5 87 5 73 5 51 6 24 714 6 87 5 84 6 43 7 63 5 79 6 49 6 05 6 27 615 5 32

Eu 221 2 20 2 34 2 20 2 06 2 03 196 1 99 1 95 190 2 07 2 30 2 26 195 218 2 49 1 98 216 199 2 06 2 02 173

Gd 7 49 7 54 7 97 7 71 6 87 6 80 6 40 6 69 6 56 6 46 6 62 813 7 28 6 30 7 65 7 78 6 22 6 77 6 32 6 45 6 32 5 48

Tfa 1 22 122 128 125 1 10 1 11 101 108 106 1 04 102 126 1 11 0 99 1 23 1 17 0 95 104 0 96 0 98 095 0 83

Dy 7 30 7 27 7 64 7 59 6 59 6 69 5 97 6 51 6 34 6 29 5 81 7 66 6 45 5 82 7 48 6 68 5 42 5 97 5 43 5 58 5 44 4 76

Ho 140 1 38 144 147 125 127 1 11 124 120 121 107 1 54 1 19 109 147 124 100 1 11 0 99 102 100 0 87

Er 354 3 47 3 70 3 81 313 3 24 2 80 316 3 07 310 2 68 4 07 2 97 2 76 3 84 313 2 48 2 78 2 48 2 56 2 50 217

Tm 046 0 44 0 47 0 49 0 40 041 0 36 0 40 0 39 0 41 0 34 0 53 037 0 35 0 50 0 40 0 32 0 35 0 31 0 33 0 32 0 28

Yb 275 2 68 2 88 3 07 2 40 2 61 212 2 48 2 35 2 47 2 02 3 27 2 28 213 311 2 42 1 91 210 187 195 193 167

Lu 038 0 37 041 0 44 0 34 0 34 0 29 0 35 0 33 0 35 0 28 0 48 0 32 0 30 0 45 0 35 0 27 0 30 0 26 0 27 0 27 0 23

Hf 487 4 94 5 09 4 63 4 46 4 44 4 51 4 60 4 33 3 69 4 47 4 82 4 99 4 29 4 59 5 80 4 09 4 76 3 91 4 84 4 78 4 03

Ta 085 0 86 0 90 0 80 0 78 0 73 0 84 0 88 0 81 0 58 109 0 96 1 19 129 082 159 0 93 123 0 99 1 14 1 15 101

Tl 005 0 01 0 02 010 0 02 0 03 010 0 37 019 0 03 0 02 0 31 0 07 0 02 0 41 0 05 0 04 0 05 0 04 004 0 03 0 02

Pb 081 120 1 30 121 0 92 0 76 0 97 0 81 098 0 87 0 91 2 30 1 57 1 15 1 18 179 1 17 138 206 123 116 0 99

Th 066 0 66 0 71 0 65 058 0 56 0 65 0 70 066 0 38 0 75 0 97 0 83 1 14 0 66 131 0 70 0 69 0 62 0 82 0 82 0 80

U 312 139 169 152 179 2 58 0 63 0 57 084 0 80 0 38 108 1 13 062 165 0 83 0 71 0 59 0 48 0 47 0 34 0 33



Table 3.1 : Whole Rock Major (XRF) and Trace Element (ICP-MS) Analyses, Hawaiian Ridge: Yuryaku to Salmon (continued)

Seamount Daikakuji Daikakuji Daikakuji Daikakuji Karrtmu

Sample 6/11 7/1 8/5 8/7 9/1

Kammu

9/13

Kammu

9/14

Kammu

9/16

Kammu

9/23

Kammu

9/24

Kammu

9/31

Abbott

11/1

Abbott

12/1

Abbott

12/2

Abbott

12/3

Abbott

12/4

Abbott

12/5

Abbott Colahan Colahan Colahan Colahan

12/7 13/1 13/2 13/6 13/7

SO,
T1O3

AljOs

F«Pj
MnO

MgO
CaO

Na20

K20
PA
LOI

Total

49 89

309

1407

1048

010

4 84

1006

2 73
0 88

0 54

215

98 83

42 85

3 80

13 62

14 96

015

4 39

10 59

2 60

081

185

4 39

100 01

42 66

3 87

13 47

13 74

016
4 52

11 80

2 43

0 80

2 44

3 95

45 41

3 74

13 78

1418

017
5 20

9 80

2 52

0 83

0 72

3 69

99 64 100 04

45 90

2 43

18 63

8 65

011
194

10 31

3 99

0 97

181

2 82

97 56

41 90

2 66

17 79

10 40

0 25

0 82

12 76

3 90

1 14

416

2 95

98 73

4512

2 28

13 53

12 70

018
6 69

1216

2 77

0 64

0 34

3 57

99 96

45 54

3 66

14 97

12 99

015

3 28

8 99

3 74

122

0 67

139

36 86

2 30
1211

9 51

0 23

311

18 50

2 78

0 86

7 72

6 51

100 49

46 56

382

14 76

1425

020

319

957

347

129

0 83

1 44
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Table 3.1 : Whole Rock Major (XRF) and Trace Element (ICP-MS) Analyses, Hawaiian Ridge: Yuryaku to Salmon (continued)

4^

mount Colahan Colahan De Veust De Vsust Hancock Cromwell Halsley Halsley Smt63 Kure Nero Midway Midway Midway Midway Midway Midway Midway Midway Midway Ladd Ladd

ample 15/1 16/2 16/1 17/1 20/1 21/1 23/1 23/2 25/1 26/1 28/2 29/1 29/2 29/7 29/12 29/17 26/20 29/22 29/24 29/28 30/1 30/3

Si02 43 58 4135 43 42 4517 39 38 43 82 47 99 4418 47 20 43 80 41 95 47 04 4310 4518 47 02 45 68 41 74 40 70 41 15 42 35 42 53 4158

T02 3 43 3 67 2 83 2 92 3"20 3 35 3 05 267 108 3 06 3 41 2 37 2 68 229 2 38 2 70 2 29 295 257 2 51 3 51 3 27

AI,Oj 12 24 1196 11 81 13 06 1219 13 41 13 82 12 59 1518 16 42 1539 1414 12 44 13 55 1414 13 73 11 26 1317 13 03 13 62 14 23 1312

Fe,03 14 05 15 22 13 35 12 27 13 37 13 51 12 64 15 07 13 53 13 66 14 42 12 43 13 47 12 33 1199 12 46 14 12 1191 1195 12 89 13 20 14 03

MnO 0 20 0 25 017 016 018 014 016 019 0 31 0 24 013 015 017 0 15 015 015 017 014 015 015 016 016

MgO 6 91 8 43 11 03 525 7 85 4 48 6 23 6 48 2 36 2 86 3 08 6 47 8 40 6 20 6 50 612 1253 457 5 26 545 7 22 9 48

CaO 7 72 906 9 80 1225 14 93 1177 10 66 12 80 4 54 1121 12 87 12 26 12 60 1227 12 54 13 39 11 28 15 20 16 56 15 25 12 79 1198

Na20 2 03 1 14 189 268 129 2 81 2 35 209 5 71 311 2 86 2 32 187 2 01 2 31 2 30 1 42 2 48 213 2 04 2 35 190

K20 181 108 0 73 056 0 71 107 0 60 0 42 3 69 0 91 0 49 0 45 105 053 0 47 0 40 0 79 0 51 0 38 0 36 0 84 0 75

PjOs 019 0 31 0 32 174 1 87 160 0 42 121 193 1 09 2 04 0 77 0 50 107 0 95 153 0 50 3 68 3 92 2 94 0 64 0 71

LOI 8 25 11 80 3 88 2 71 5 56 2 48 129 3 51 2 03 2 91 168 3 65 193 163 160 4 03 2 70 2 46 226 2 58 2 56

Total 100 41 104 27 99 23 98 77 100 53 98 44 99 01 97 70 99 04 98 39 99 65 100 08 99 93 97 51 100 08 100 01 10013 98 01 99 56 99 82 100 05 99 54

Sc 33 8 423 30 7 35 9 37 9 303 46 0 331 37 33 0 34 8 47 0 35 0 43 3 421 40 6 34 8 34 8 421 42 3 30 3 29 0

Cr 855 0 6836 476 8 227 3 357 8 3434 892 7 151 6 45 1261 495 5 2709 445 7 249 7 250 4 466 5 736 1 230 8 404 0 6000 360 2 4515

Co 79 0 89 3 67 2 47 5 56 5 467 96 2 451 147 48 9 32 5 46 5 58 4 430 44 4 42 2 79 0 381 43 9 463 581 65 6

Ni 190 4 288 0 375 4 82 2 102 5 63 9 3051 106 2 168 98 5 53 3 74 7 1721 663 84 3 912 4512 63 9 781 1009 142 2 245 9

Cu 1016 155 5 102 0 1016 99 0 606 87 0 1210 24 2 137 5 1268 1212 143 4 1151 120 4 1024 148 5 76 0 87 2 111 1 77 0 791

Zn 2217 2619 158 8 1517 1451 1681 2016 126 5 255 2 203 5 202 7 155 8 1418 1451 1484 148 0 160 4 160 9 152 0 162 5 139 7 1422

Ga 179 221 20 5 25 7 19 3 25 4 24 2 23 9 241 27 5 25 7 26 3 21 4 22 7 231 22 6 195 22 8 226 221 23 9 20 8

Rb 24 2 171 108 101 99 152 85 101 108 4 135 66 10 4 130 12 7 106 72 103 86 77 63 12 8 124

Sr 1129 132 3 272 7 559 6 243 3 7211 469 6 418 6 3043 0 690 8 6968 3245 389 0 308 4 311 5 370 8 283 0 574 1 5381 443 6 791 3 6901

Y 267 40 5 28 0 34 8 28 3 39 2 351 27 2 54 8 45 9 663 34 0 28 3 316 30 4 49 9 28 2 33 7 59 7 612 25 9 25 0

Zr 2788 3141 174 2 166 9 187 4 176 4 139 6 170 9 3413 203 8 238 5 152 4 152 3 139 0 1426 168 2 134 8 199 7 151 7 143 7 184 2 166 0

Nb 270 30 6 22 7 190 331 281 174 215 94 6 26 8 24 5 113 28 3 104 106 136 24 1 152 145 129 38 3 34 2

Cs 0 25 0 31 018 0 53 018 0 41 0 33 0 29 144 0 27 0 24 0 41 0 24 0 48 0 40 0 28 019 0 26 0 30 0 23 0 27 029

Ba 756 65 0 1137 147 8 176 8 3517 721 100 3 2633 6 3323 148 4 316 182 8 284 55 0 33 9 1141 70 3 618 401 4115 333 4

La 18 96 26 92 18 56 1915 28 25 25 88 20 34 18 70 149 24 28 22 33 49 1149 23 73 10 46 9 90 23 67 22 55 18 52 29 05 2090 28 24 2532

Ce 6011 60 53 44 01 4019 54 45 45 56 38 32 41 34 274 59 47 24 44 36 25 25 44 77 22 45 22 79 30 59 3874 39 47 31 64 27 98 60 36 5176

Pr 7 05 8 70 5 98 5 60 7 24 6 51 5 67 5 64 34 67 713 8 01 3 90 6 41 3 46 3 47 5 57 557 5 70 5 83 4 76 7 92 6 85

Nd 33 00 40 72 27 07 25 62 3108 2913 25 08 25 36 13108 31 84 37 41 1912 28 32 17 09 1715 26 33 24 47 26 85 26 93 22 41 34 22 29 68

Sm 8 67 10 23 6 92 6 80 7 06 7 23 6 48 6 46 23 64 7 71 9 60 5 73 6 81 512 5 20 6 93 581 7 29 6 91 6 08 8 06 6 92

Eu 2 62 3 07 2 25 232 2 28 2 44 216 215 7 08 2 54 311 2 04 220 178 180 2 27 185 2 33 2 25 2 03 2 64 2 22

Gd 818 9 98 714 738 6 94 7 56 6 89 669 18 91 819 10 76 6 82 690 600 6 07 8 0S 5 92 7 62 8 01 7 24 7 74 6 69

Tb 1 18 142 107 114 101 1 11 105 103 250 123 160 1 11 1 01 0 97 0 99 124 0 87 116 124 1 14 110 0 95

Dy 6 35 7 87 6 05 663 5 63 6 30 616 584 12 64 7 22 9 60 6 69 5 63 5 93 5 97 7 55 4 91 6 49 7 68 7 09 5 96 518

Ho 1 10 1 44 1 10 124 103 120 1 19 107 214 143 194 130 104 1 16 1 15 153 0 93 121 162 147 105 093

Er 2 68 3 55 2 71 318 2 60 3 07 3 09 2 69 516 3 78 5 20 3 39 2 62 3 02 2 99 413 2 34 3 08 4 44 4 01 2 57 2 29

Tm 0 33 0 45 0 34 042 0 34 0 40 0 41 0 35 0 65 0 51 0 70 0 45 0 34 0 40 0 39 0 55 0 30 0 39 0 59 0 54 0 33 0 29

Yb 1 94 2 68 2 03 256 2 05 2 45 2 54 2 08 3 83 319 4 45 2 78 2 05 2 46 2 43 3 48 1 86 2 42 3 84 3 52 195 173

Lu 0 27 0 38 0 28 0 36 0 29 0 36 0 37 0 29 0 53 0 48 0 68 0 40 0 29 035 0 34 0 52 0 27 0 35 0 60 0 55 0 27 025

Hf 7 90 8 49 4 80 4 35 514 4 92 4 28 4 68 7 83 5 26 6 34 440 419 3 94 3 95 4 79 3 49 5 34 4 42 4 02 4 99 4 25

Ta 1 98 213 141 1 15 212 1 84 120 134 5 00 165 162 074 172 068 0 68 094 1 33 0 95 0 94 0 84 2 43 206

Tl 1 73 0 82 0 74 0 26 0 37 018 0 08 0 03 0 09 0 68 0 03 0 01 018 001 0 01 003 017 0 02 0 06 009 018 011

Pb 5 50 4 03 185 1 46 2 31 181 0 70 125 6 27 2 39 139 0 80 168 063 0 85 196 140 138 210 177 177 159

Th 2 61 278 1 43 1 16 2 01 164 112 127 875 138 127 061 146 066 0 56 077 128 104 085 075 215 187

U 0 64 0 66 0 37 083 104 0 96 0 88 0 45 1 46 107 1 32 0 61 0 51 069 0 87 081 0 44 162 186 133 0 61 0 65



Table 3.1 : Whole Rock Major (XRF) and Trace Element (ICP-MS) Analyses, Hawaiian Ridge: Yuryaku to Salmon (continued)

4*.

Seamount Ladd Ladd Ladd P&Herm P8.Herm P8>Herm P8iHerm Smt72 Salmon Salmon

Sample 30/5 30/5 2 30/7 34/1 34/1 34/2 34/17 37/1 38/1 38/2

SiOs 4146 40 55 4141 4353 42 74 43 01 39 76 49 39 48 68 5317

TiOa 3 45 3 39 3 21 343 3 45 3 87 3 35 3 28 144 156

AIA 13 52 12 76 12 94 1692 16 70 17 60 15 59 16 32 16 72 18 76

FeA 1386 14 49 1388 1308 1326 13 82 1277 1062 637 6 74

MnO 017 018 016 050 0 41 0 21 0 21 015 0 20 0 20

MgO 7 40 7 84 9 65 2 60 258 3 53 312 3 46 177 195

CaO 13 06 1338 1175 944 9 47 912 1219 8 52 621 6 54

Na20 199 2 04 170 3 61 3 58 311 3 26 3 38 4 82 4 78

K20 085 0 87 0 80 121 1 12 0 99 101 2 06 296 2 62

PA 106 153 0 74 213 2 07 1 13 419 0 48 0 82 0 97

LOI 2 79 3 24 2 80 3 75 4 07 3 09 4 30 185 164 218

Total 99 61 100 27 99 04 100 20 99 45 99 48 99 75 99 51 9163 99 47

Sc 29 6 38 0 32 3 193 18 9 156 16 7 34 0 74 59

Cr 3722 2328 525 7 43 28 S3 23 35 2 06 07

Co 55 7 39 9 70 9 163 5 133 2 38 4 30 5 313 122 115

Ni 143 4 63 5 279 7 53 6 512 174 22 4 33 0 124 135

Cu 80 7 103 5 93 0 57 4 62 6 519 49 6 74 2 11 8 170

Zn 145 9 1341 156 6 209 4 222 4 238 6 215 2 173 0 145 8 146 4

Ga 22 7 21 5 22 8 22 6 23 8 24 5 201 28 4 26 8 26 4

Rb 141 89 153 139 135 112 130 2676 699 514

Sr 7794 279 3 720 7 1040 2 11092 1353 0 1075 6 400 5 1158 5 1158 4

Y 284 291 271 43 9 46 6 73 5 90 0 35 8 45 7 481

Zr 1817 130 6 1817 305 5 326 4 330 3 286 3 217 2 535 7 542 3

Nb 379 96 37 6 46 5 46 5 58 4 421 24 5 106 3 105 9

Cs 034 0 36 033 021 020 016 026 269 035 0 33

Ba 3887 27 3 342 0 460 2 4581 600 7 353 5 181 6 6681 655 9

La 29 42 9 94 27 37 4136 43 01 65 75 63 05 23 29 92 53 93 59

Ce 59 91 2186 55 81 8172 84 91 102 69 78 04 46 36 179 53 177 71

Pr 8 00 3 38 7 38 1144 1188 16 54 13 60 6 83 2197 21 85

Nd 34 88 16 53 32 20 4974 5189 7110 59 78 30 62 81 63 81 41

Sm 812 4 98 7 51 1136 1179 15 47 12 85 7 71 14 65 14 53

Eu 284 174 2 41 3 61 3 67 4 74 4 04 2 50 416 414

Gd 7 77 5 93 720 10 87 1106 15 51 13 50 819 12 02 1197

Tb 111 0 96 103 153 156 215 190 126 171 171

Dy 607 5 78 563 842 8 67 12 15 11 18 7 35 943 944

Ho 109 1 12 101 154 158 2 34 2 30 138 176 178

Er 2 69 2 89 248 3 88 3 97 6 08 6 30 3 52 4 62 4 75

Tm 0 35 0 39 0 31 0 50 0 50 0 79 0 86 0 46 0 64 0 65

Yb 211 2 41 1 87 3 08 3 09 4 73 5 46 2 82 4 06 417

Lu 0 30 0 34 0 27 0 4S 0 45 0 69 0 86 0 39 0 59 0 60

Hf 4 90 3 83 4 61 7 76 7 85 8 90 7 27 5 97 13 86 13 65

Ta 2 42 064 2 24 2 91 2 96 3 94 2 70 160 7 40 7 29

Tl 0 24 001 0 08 013 012 0 28 0 33 007 020 014

Pb 160 0 67 162 2 76 2 80 4 56 2 89 2 03 8 00 7 70

Th 2 21 053 2 03 2 45 257 3 30 236 186 1014 10 03

U 0 81 0 52 0 74 133 139 0 87 2 21 137 152 1 69



Table 3.2: Sr, Nd and Pb isotope analyses, Hawaiian Ridge: Yuryaku to Ladd

Seamount Yuryaku Yuryaku Daikakuji Daikakuji Abbott Abbott Hatsley Midway Midway Ladd

Sample 5/1 5/9 6/4 6/7 12/2 12/7 23/2 29/1 29/12 30/5 (2)

"Sr/^Sr 0.703512 0.703500 0.703780 0.703799 0.703498 0.703483 0.703572 0.703531 0.703520 0.703358

0,000007 0.000007 0.000006 0.000006 0.000007 0.000007 0.000007 0.000007 0.000007 0.000007

143Nd/144Nd 0.513050 0.513062 0.512943 0.512942 0.513020 0.513021 0.512987 0.513064 0.513058 0.513015

0.000008 0.000001 0.000009 0.000007 0.000008 0.000009 0.000006 0.000014 0.000007 0.000005

208pb/204pb 19.084 19.321 18.775 18.168 18.545 18.643 18.788 18.973 19.093 18.442

0.004 0.004 0.004 0.003 0.004 0.005 0.006 0,006 0.007 0.010

207pb/204pb 15.425 15.444 15.417 15.380 15.410 15.415 15.441 15.451 15.452 15.406

0.003 0.003 0.003 0.003 0.003 0.004 0.005 0.005 0.006 0.008

^
208pb/204pb 37.885 37.872 38.027 37.716 38.015 38,159 38.116 38.144 38.121 38.098

Lfl
0.007 0.008 0.008 0.006 0.008 0,010 0.012 0,013 0.014 0.020

AH isotope values are present day (i.e., not age corrected).

Errors reported are 2 SEM.



4 Geochemistry of the Musicians Seamounts

Yucheng Pan and Rodey Batiza

To the northwest of the Hawaiian Islands is a Cretaceous submarine mountain range

known as the Musicians Seamounts (Fig. 1.3). Three populations of seamounts were

recognised in the Musicians province (Rea and Naugler, 1971; Pringle, 1992); (1) the

Musicians Horst, an elevated block of crust elongated in an east-west direction located

to the north of the Murray Fracture Zone, (2) the Southern Ridges, a series of five large

east-west trending ridges located in the southern part of the province, and (3) individual

seamounts scattered throughout the province but mainly represented by the western

seamounts, which are linearly distributed and show the age progression expected from a

hotspot (Pringle, 1992). We report the results of the 13 new dredges from the FS

SONNE Cruise SO 142 (HULA II), combined with the previous 35 dredges summarised

by Pringle (1992).

4.1 Samples and Analyses

Like the previous dredges, the new dredges recovered rocks that are generally

altered. Alteration is pervasive in the groundmass of all samples, although we do find

fresh glasses in 4 of the 13 dredges. Fresh glass was not reported in the previous 35

dredges (Pringle, 1992). Crystals in the samples are mainly plagioclase xenocrysts and

phenocrysts, and appear to be fresh. Pyroxene crystals also appear to be fresh, whereas

olivine crystals are generally completely altered.

Electron microprobe major element compositions of the four samples with fresh

glass are listed in Table 4.1. All the fresh glasses are tholeiite, and are similar to normal

mid-ocean ridge basalts (e.g., K.20/Ti02 <0.14) and to transitional mid-ocean ridge

basalts (K20/Ti02 >0.14 but <0.4).

Whole rock major element compositions determined by XRF are listed in Table 4.2.

Whole rocks contain significant amounts of H20 and volatiles (loss on ignition, LOI),

mostly as a result of alteration. Compared to fresh glasses, the whole rocks have

significantly lower MgO contents. The fresh glasses of the four samples have an

average MgO of 7.43 wt.%, whereas the whole rocks of the same four samples have an

average MgO of only 3.65 wt.%. In detail, the crystallised center, the middle glassy part
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(with the fresh glass), and the outside glassy part of one piece of 4DR-1 have MgO

contents of 1.84, 6.42, and 2.11 wt.% respectively (Table 4.2). Magnesium is the

element that is most easily and abundantly leached out from basalts to ocean water

during alteration (e.g., Alt, 1995; Elderfield et al., 1997; Iskhakov, 1998). The average

whole rock MgO contents for the 13 new dredges and the previous 35 dredges are 3.55

wt.% and 2.57 wt.%, respectively. Because of the alteration, interpretations will be

based on a relative base (how the data compare to each other) and not to an absolute

base.

The ICP-MS trace element compositions of the 13 new dredges are listed in Table

4.3. Only XRF trace element compositions were given for the previous 35 dredges

(Pringle, 1992).

Crystal compositions are listed in Table 4.4. The An# [=100Ca/(Ca+Na) of

plagioclase] ranges from 57 to 87 with an average of 72. The Wo#

[=100Ca/(Ca+Mg+Fe) of pyroxene] ranges from 47 to 51 with an average of 48. The

En# [=100Mg/(Mg+Fe) of pyroxene] ranges from 25 to 30 with an average of 28. The

Fo# [=100Mg/(Mg+Fe) of olivine] for the only fresh olivine crystal found is 86. K-

feldspar and apatite were also found.

4.2 Geochemical Trends

There are systematic geochemical trends from the hotspot to the mid-ocean ridge in

the Musicians province. For example, MgO and Fe203 (as total iron) increase while

incompatible elements like TiÛ2, Na20, P2O5, and Zr decrease from the hotspot to the

mid-ocean ridge (Fig. 4.1). In addition, there are systematic isotopic trends: 87Sr/86Sr

decreases and Nd/ TSfd increases from the hotspot to the mid-ocean ridge (Fig. 4.2).

The Southern Ridges, where a lot data exist, have similar geochemical and isotopic

trends (Fig. 4.3). For seamounts on the hotspot track, both MgO and l43Nd/144Nd
0*7 Of.

increase whereas K2O and Sr/ Sr decrease from the older seamounts in the north to

the younger seamounts in the south (Fig. 4.4).

4.3 Provisional Interpretations

MgO variation diagrams for lavas from the Musicians Seamounts are shown in

Figure 4.5. Fractionation was modeled using the MELTS program (Ghiorso and Sack,
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MgO and Fe203 decrease, whereas TiQ2 and ^Sr/^Sr increase from east (close to the mid-ocean ridge) to

west (close to the hotspot).
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143-VT./144
MgO and Nd/ Nd increase, whereas K20 and Sr/ Sr decrease from the north (older seamounts) to

the south (younger seamounts).

1995). Samples from seamounts on the hotspot track generally require fractionation

under higher pressure (or H20 content) than those from the Horst and the Southern

Ridges (Fig. 4.5). For the Southern Ridges alone, samples that are closer to the hotspot

require fractionation under higher pressure than those closer to the mid-ocean ridge

(Fig. 4.6). Multiple parent magmas and alteration are two possible explanations for the

bad fits concerning Ca, Na, K, and P. That K and P concentrations are much higher than

those from MELTS (over-enrichment) indicates that, besides fractionation, other

processes such as melting and mixing are required to explain the data (Pan and Batiza,

1998).
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MELTS runs shown have 0.5 wt.% H20. QFM buffer, fractionating solid and different pressures from

0.1 to 9 kbar. H20 has a similar effect to pressure (i e.. the effect of high pressure could be achieved by a

high H20 content).
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The filled and unfilled circles are samples close to the hotspot (longitude > 159.9°) and close to the mid-

ocean ridge (longitude < 159.9°) respectively. Although with much scatter, samples close to the hotspot

require fractionation under higher pressure than those close to the mid-ocean ridge.

The over-enrichment (relative to fractionation alone) of incompatible elements like

K, P, and Zr, and especially the isotopic trends of Nd and Sr in the lavas of Musicians

Seamounts, require mixing. The simplest mixing scenario to explain the geochemical

trends involves two-end members: one from the mid-ocean ridge and the other from the

hotspot. However, mixing is unlikely between magmas from the mid-ocean ridge and

the hotspot, because magma cannot travel the large distances required in the upper

mantle and/or crust. The mixing trend within the hotspot end-member itself also

suggests that the type of mixing required is far more complicated than simple magma

mixing.

Solid-state mixing facilitated by mantle melting related to upwelling could explain

all of the geochemical trends within the Musicians Seamounts lavas. The mantle

contained at least two end-members on a relatively small scale: a depleted, mid-ocean
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ridge mantle-like component and an enriched component. Melts from these two end-

members mixed together during melting. Due to the thick lithosphère at the hotspot,

mantle upwelling and melting stopped at depth and the magma so produced would

likely experience high pressure fractionation as it moved through the thick lithosphère

(Fig. 4.5). During the interaction of the hotspot and mid-ocean ridge, part of the

upwelling mantle at the hotspot was channelised to the mid-ocean ridge. Because

lithosphère got thinner towards the mid-ocean ridge, the enhanced upwelling of this

channelised mantle enhanced melting in the sub-lithospheric channel between the

hotspot and the mid-ocean ridge. Enhanced melting resulted in the dilution of

incompatible elements from the enriched mantle component. Consequently, from the

hotspot to the mid-ocean ridge the lithosphère got thinner, fractionation pressure got

lower (Fig. 4.6), melting fraction got larger, and the concentrations of compatible

elements like Mg increased while those of the incompatible elements decreased (Figs

4.1, 4.3). Similarly, from the hotspot to the mid-ocean ridge, Sr/ Sr decreased and

143Nd/l44Nd increased because the contribution of the depleted mantle end-member,

which had low 87Sr/86Sr and high 143Nd/144Nd, increased due to enhanced melting (Figs

4.2, 4.3).

Solid-state mixing can also explain the geochemical trends for lavas from the

seamounts along the hotspot track. As the hotspot and its interaction with the mid-ocean

ridge matured, melting at the hotspot was likely to increase. This melting increase could

explain the increase ofMg and 143Nd/144Nd and the decrease ofK and 87Sr/86Sr from the

older to the younger seamounts (Fig. 4.4). Another possible explanation is that the

hotspot mantle at the initial stage of upwelling contained more of the enriched end-

member, whose abundance decreased during further upwelling. The enriched end-

member, which contains abundant heat-producing elements, is probably an important

reason for the initiation of the hotspot. Similarly, its depletion might be important for

the cessation of a hotspot.

We are continuing our work on a method to quantify the geochemical trends in the

Musicians Seamounts in relation to the mantle components, melting, and channelised

flow from the hotspot to the mid-ocean ridge.
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Table 4.1: Electre>n Miciroprobie Analyses 0f Fresh Glas:s, Musicians Seamounts (Wt.%)

Sample Point sio2 Tl02 Al203 Fe203* MnO MgO CaO Na20 K20 P205 Total K20fTl02

4DR-1 1 46 90 1 92 16 86 10 69 0 09 7 70 10 65 3 17 0 43 0 27 98 68 0 22

2 47 13 1 98 16 91 10 57 015 7 73 10 89 3 18 0 37 0 23 99 14 019

3 47 41 1 89 16 94 1070 0 16 7 61 10 80 3 24 0 40 0 33 99 49 0 21

4 48 09 1 91 17 08 10 70 0 17 7 60 10 48 3 15 0 45 0 27 99 91 0 24

5 48 24 1 88 1717 10 70 019 7 79 10 46 3 26 0 44 0 30 100 43 0 23

6 48 40 2 04 17 03 10 69 0 23 7 81 10 60 3 28 0 38 0 25 100 72 0 19

7 46 98 1 86 16 85 10 48 012 7 77 10 64 3 22 0 38 0 41 98 71 0 21

8 47 94 1 97 17 02 10 58 0 17 7 66 10 59 3 04 0 44 0 28 99 69 0 23

9 47 60 1 90 17 02 10 41 0 13 7 70 10 61 3 24 0 40 0 26 99 26 0 21

10 47 97 1 88 16 96 10 92 0 13 7 72 10 62 3 21 0 43 0 26 100 10 0 23

11 48 50 2 05 17 00 10 27 012 7 76 10 67 315 0 44 0 19 100 14 0 21

12 47 50 1 83 17 08 10 61 015 7 61 10 73 3 22 0 41 0 31 99 44 0 22

13 47 89 1 95 16 97 10 74 013 7 67 10 51 3 18 0 44 0 26 99 73 0 22

14 47 36 2 05 16 97 10 43 018 7 67 10 79 3 25 0 41 0 32 99 44 0 20

15 47 69 2 01 1712 10 61 0 18 7 77 10 77 3 14 0 43 0 24 99 95 0 22

16 48 03 1 91 16 95 10 43 016 7 74 10 59 3 14 0 43 0 29 99 67 0 23

17 48 34 1 93 17 02 10 67 0 17 7 71 10 77 3 13 0 37 0 38 100 49 0 19

8DR 10 1 49 51 1 72 15 14 11 84 0 18 7 58 11 49 2 81 0 19 0 22 100 68 011

2 49 04 172 15 05 12 19 0 15 7 60 11 86 2 79 0 19 0 14 100 74 011

3 49 08 1 72 15 04 12 07 0 19 7 63 11 81 2 93 0 19 0 09 100 75 011

4 49 24 1 73 15 12 12 00 019 7 59 11 65 2 71 0 18 0 21 100 62 011

5 48 96 1 74 14 90 1215 0 18 7 53 11 60 2 85 0 19 0 15 100 24 011

6 49 11 1 71 15 02 11 70 0 21 7 66 11 82 2 81 0 18 0 15 100 35 011

7 49 07 1 78 15 07 11 94 0 20 7 64 11 61 2 82 0 21 0 10 100 43 0 12

8 49 32 1 75 15 09 12 02 0 19 7 48 11 83 2 82 0 19 0 09 100 79 011

9 49 01 1 82 14 99 11 88 0 21 7 53 11 75 2 64 0 19 0 18 100 21 011

10 48 55 1 67 14 97 12 03 0 19 7 70 11 73 2 86 0 18 0 07 99 96 011

11 48 96 1 65 14 93 12 19 0 16 7 60 11 80 2 78 0 22 0 14 100 42 0 13

12 48 78 1 76 15 03 11 67 0 17 7 60 11 83 2 71 0 19 0 16 99 89 011

13 48 91 1 70 14 81 11 81 0 20 7 59 11 85 2 84 017 0 10 99 97 0 10

14 48 76 1 69 14 97 12 05 0 20 7 59 11 72 2 71 0 19 0 14 100 03 0 11

15 49 26 1 70 15 08 11 90 023 7 50 11 67 2 80 0 17 0 02 100 32 0 10

8DR-11 1 49 36 1 76 15 10 11 78 0 19 7 49 11 63 2 75 0 21 0 24 100 50 0 12

2 49 70 1 71 15 19 1199 021 7 53 11 56 2 90 0 27 0 24 101 29 0 16

3 49 92 1 77 1512 11 43 023 7 60 11 42 2 78 0 22 0 21 100 71 0 12

4 49 28 1 65 14 95 11 77 0 18 7 59 11 55 2 80 0 22 0 15 100 15 0 13

5 49 39 1 78 15 10 11 63 020 754 11 51 278 022 0 21 100 36 0 13

6 49 08 1 64 15 18 11 77 0 14 7 57 11 48 2 77 0 21 0 21 100 04 0 13

7 49 23 1 73 15 12 11 52 0 18 7 61 11 31 2 76 0 24 0 13 99 83 0 14

8 49 37 1 69 15 08 1144 015 7 36 11 45 2 64 0 21 0 24 99 62 012

9 48 92 1 81 15 09 1162 025 7 45 11 39 2 89 0 23 0 12 99 75 013

10 49 04 1 81 14 99 1146 0 20 7 45 11 53 2 87 0 21 0 19 99 76 0 12

11 49 44 1 66 15 00 11 34 0 14 7 50 11 66 2 77 0 18 0 19 99 89 011

12 49 29 1 65 15 16 11 59 0 12 7 54 11 48 2 77 0 22 0 13 99 95 0 14

13 49 86 1 84 15 43 11 70 019 7 57 11 49 2 66 0 26 0 13 101 12 0 14

8DR-20 1 49 15 1 80 15 12 1165 015 7 72 11 73 2 63 0 16 015 100 26 0 09

2 49 21 1 75 14 89 11 96 0 15 7 61 11 36 2 82 0 18 0 12 100 06 010

3 49 10 166 15 02 11 71 023 7 65 11 70 2 83 0 18 0 13 100 21 011

4 49 85 1 66 15 75 1138 0 18 7 16 12 00 2 67 0 16 0 16 100 97 0 10

5 48 17 163 15 05 12 21 0 18 7 61 11 75 2 82 0 18 0 15 99 73 011

6 48 45 163 14 78 11 71 0 21 7 45 11 76 2 76 0 15 018 99 08 0 09

10DR-1 1 49 00 2 18 13 82 13 52 0 15 667 10 93 3 33 0 40 0 24 100 23 0 18

2 48 80 213 14 01 13 38 020 589 11 05 3 34 0 40 0 26 99 46 0 19

3 48 84 211 14 02 13 64 024 598 10 99 3 36 0 43 0 23 99 83 0 21

4 49 04 2 10 14 06 13 50 0 16 607 11 10 3 45 0 39 0 22 100 09 0 18

5 48 93 2 12 13 85 13 52 020 602 11 18 3 34 0 41 0 27 99 84 0 19

6 49 32 2 13 14 16 1344 019 597 11 02 312 0 39 0 19 99 94 0 18

7 49 03 2 13 14 02 13 55 0 24 5 93 11 09 3 34 0 39 015 99 89 018

8 48 77 214 14 10 13 37 022 5 91 11 08 3 37 0 42 0 24 99 60 019

11DR-8 1 47 70 1 38 16 66 1161 018 864 11 52 2 78 0 06 0 09 100 62 0 04

2 47 90 137 16 80 10 96 0 20 862 1142 2 74 0 07 0 03 100 11 0 05
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Sample Point Fe203* MnO MgO Na20 K20 P205 K20/Tl02

3 48 11 1 46 16 76 10 97 0 14 8 69 11 37 2 79 0 09 0 13 100 51 0 06

4 48 31 1 53 16 93 10 98 0 17 8 53 11 37 2 83 0 08 0 03 100 76 0 05

5 48 26 1 41 16 76 11 20 0 19 8 69 11 44 2 92 0 05 0 00 100 92 0 04

6 47 47 1 29 16 60 11 25 0 19 8 73 11 46 2 77 0 09 0 05 99 90 0 07

7 48 11 1 49 16 77 11 18 0 21 8 60 11 23 2 85 0 08 017 100 68 0 06

8 48 56 140 16 81 11 26 014 8 64 11 37 2 88 0 07 0 24 101 38 0 05

9 47 97 1 36 16 71 11 04 016 8 54 11 34 2 82 0 08 0 08 100 11 0 06

10 47 92 1 47 16 85 11 31 0 15 8 67 11 21 2 75 0 07 0 09 100 48 0 05

11 48 05 1 36 16 76 11 22 0 17 8 50 11 36 2 75 0 07 0 15 100 39 0 05

12 47 90 1 40 16 64 11 16 0 16 8 63 11 47 2 78 0 06 0 06 100 26 0 04

13 47 65 1 39 16 68 10 98 0 16 8 31 11 27 2 76 0 07 0 12 99 41 0 05

* Total iron is expressed as Fe203 in accordance with XRF data.

Table 4.2: Whole Rock XRF Major Element Compositions, Musicians Seamounts

(wt.%)

Sample LatO Lon<°) Si02 Ti02 Al203 Fe203 MnO MgO CaO Na20 KaO P205 LOI Total

1DR5 32 32 163 10 46 20 3 02 14 84 13 44 0 10 3 07 7 85 2 77 1 10 0 41 5 97 98 80

3DR 1 32 25 161 13 44 65 2 85 15 01 11 37 011 3 04 6 89 298 175 1 49 8 38 98 56

3DR10 32 25 161 13 44 30 2 74 15 55 11 12 0 06 2 38 7 26 276 2 30 1 92 8 26 98 68

4DR-1C* 32 26 159 96 45 57 2 05 17 90 11 36 0 18 1 84 6 19 280 2 08 0 56 8 33 98 90

4DR 1g* 32 26 159 96 44 91 2 01 16 38 11 47 0 16 6 42 7 41 244 102 0 23 6 58 99 05

4DR1r* 32 26 159 96 3796 239 15 15 1275 023 211 0 90 186 2 53 010 2266 98 65

4DR2 32 26 159 96 45 80 1 80 16 08 9 79 0 10 5 87 7 85 295 101 0 32 7 10 98 68

5DR-4 32 29 159 47 46 35 2 15 16 77 9 98 0 08 211 6 76 3 00 2 53 1 25 7 56 98 58

5DR-7 32 29 159 47 45 61 2 21 16 91 10 22 0 13 218 7 13 286 1 87 1 39 8 39 98 93

7DR 1 26 61 160 72 47 22 2 26 16 85 10 17 0 12 3 87 10 49 2 77 0 78 0 40 4 10 99 08

7DR-4 26 61 160 72 44 04 2 13 17 08 8 86 0 15 211 11 52 284 137 2 59 5 73 98 46

8DR1 26 62 160 27 47 46 1 66 17 94 10 70 0 10 2 56 10 37 258 1 15 0 46 4 14 99 15

8DR5 26 62 160 27 47 66 170 15 78 10 21 0 12 415 10 47 262 1 36 0 46 4 10 98 67

8DR-30 26 62 160 27 4467 1 60 17 31 11 28 025 4 23 8 04 222 1 30 010 815 9918

9DR1 26 66 159 47 46 65 229 16 02 10 24 011 3 85 8 95 288 1 20 0 74 5 44 98 41

9DR-4 26 66 159 47 46 54 2 30 15 62 13 23 0 14 2 74 7 91 282 1 58 0 54 5 49 98 94

10DR-1 26 57 158 79 46 54 2 04 14 83 12 53 0 18 3 65 9 79 290 132 0 80 3 95 98 56

10DR-9 26 57 158 79 48 76 1 66 15 62 10 53 0 13 4 55 10 91 267 1 12 0 31 2 75 99 03

11DR2 26 68 158 47 45 17 1 10 17 06 11 28 0 16 5 20 9 39 2 66 0 61 0 16 5 95 98 77

11DR-6 26 68 158 47 45 50 1 17 19 05 12 43 0 15 1 79 10 54 2 79 108 0 47 3 70 98 66

12DR3 26 70 158 24 45 96 1 27 17 49 11 38 0 15 4 02 9 98 2 76 0 67 0 17 4 85 98 75

12DR7 26 70 158 24 39 57 1 25 16 19 13 61 020 434 3 24 1 84 1 76 0 14 16 85 99 01

13DR-3 26 18 158 41 46 50 2 20 16 74 11 24 011 2 83 9 17 2 98 1 14 0 53 5 31 98 77

13DR-4 26 18 158 41 46 81 2 06 15 56 10 84 0 13 411 10 29 2 93 0 95 0 42 4 43 98 55

*4DR-lc, 4DR-lg, and 4DR-lr are the crystallised center, middle glassy part, and outside glassy part

(respectively) of sample 4DR-1.

55



Table 4.3: ICP-MS Trace Element Compositions, Musicians Seamounts (ppm)

1DR 3DR 3DR 4DR 4DR 4DR 4DR 5DR 5DR 7DR 7DR 8DR 8DR 8DR 9DR 9DR 10DR 10DR 11DR 11DR 12DR 12DR 13DR 13DR

s i _ig__iç__;!g. 1r _?_4 71415 30 1419263 7 3 4

Y 42 61 105 45 25 11 35 66 77 34 178 32 34 20 34 35 38 32 26 33 28 12 45 39

Zr 162 221 190 158 155 197 138 182 184 144 132 99 109 98 144 150 138 121 72 73 74 90 146 138

Hf4544443554433324333 1 1 1 244

Nb 14 23 24 11 12 12 10 15 15 11 11 4 5 4 10 10 9 7 5 5 3 1 11 10

Ta 15 2 2 1 3 15 1 1515 1 1 050505 1 1 1505 5<053<051 1

Rb 19 41 35 37 17 42 19 44 42 18 35 20 19 21 16 35 24 24 12 17 13 30 30 23

Cs 06 25 17 14 08 15 13 22 23 12 22 08 08 08 07 11 1 08 07 07 13 11 21 18

Sr 240 318 318 299 226 112 239 284 314 302 380 202 194 160 251 249 256 257 153 191 167 123 272 252

V 415 160 205 195 185 50 198 155 140 215 150 210 260 150 210 200 240 240 205 218 210 110 210 255

Co 48 30 23 49 54 57 37 22 29 35 31 32 44 61 42 33 47 48 53 62 60 73 32 39

Ni 35 75 75 105 140 135 185 80 80 60 100 70 105 130 85 50 45 55 205 158 165 210 65 45

Cu 110 125 150 120 90 260 135 160 190 90 175 165 160 150 190 165 120 105 180 200 200 340 125 95

Zn 270 235 190 155 135 345 295 190 210 170 145 120 130 125 185 145 125 95 240 143 235 250 150 160

Ga 24 23 22 22 17 9 20 22 22 23 22 21 20 15 22 22 20 19 18 19 5 19 10 22 22

Ba 45 136 150 197 76 99 76 133 158 64 69 40 45 45 61 87 93 59 20 45 32 53 69 61

Pb 10 15 10 5 5 15 15 15 15 10 10 5 15 20 15 20 10 5 20 15 15 15 15 15

Th 1 1 1 <1 <1 <1 <1 1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

U 1 05 05 05 <0 5 05 <0 5 05 05 <0 5 1 <05<05<05 05 05 <05<05<05<05<05 05 05 <05

W 44 11 10 6 59 10 16 8 6 18 20 18 12 35 10 7 10 19 8 37 14 12 16 13

La 15 36 69 16 9 11 17 37 49 16 106 7 10 5 10 12 13 9 5 8 8 9 15 14

Ce 29 45 43 25 25 29 23 32 34 27 28 15 16 14 24 24 22 19 10 9 10 10 25 25

Pr 57 14 5335785 20 3324443223244

Nd 23 32 59 24 15 13 23 32 37 21 88 13 14 8 18 19 17 15 10 10 12 8 21 20

Sm 77 13 6435885 19 4435554333266

Eu 22 25 38 20 15 08 18 24 24 18 58 14 15 10 17 19 17 15 12 12 13 07 19 18

Gd 8 93 16 4 76 49 37 665 10 2 112 71 25 2 54 57 36 67 62 68 57 41 4 55 48 28 71 65

Tb 13 13 24 12 08 06 11 15 17 1 37 09 09 06 11 1 1 09 060 75 07 05 1 1

Dy 72 78 12 6 65 47 36 58 86 94 61 20 3 6 58 38 6 63 62 55 42 47 44 29 67 62

Ho 14 16 27 14 1 06 13 19 22 12 45 12 12 08 13 12 13 12 1 105 09 05 15 14

Er 41 44 7 4 25 17 3 45 52 57 29 117 34 34 22 34 36 39 33 29 32 28 15 43 38

Tm 06 07 09 06 04 03 05 07 08 04 16 05 05 04 05 05 05 05 04 0 45 04 02 06 05

Lu 05 07 09 06 04 03 05 08 08 05 16 05 05 04 05 05 06 05 04 05 04 03 06 06
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Table 4.4: Electron Microprobe Analyses of Plagioclase, Pyroxene, Olivine and K-

feldspar (Musicians Seamounts)

Sample Mineral Point Sl02 Tl02 Al203 FeO MnO MgO CaO Na20 K20 P205 Total An#

3DR-1 PI 49 50 87 0 08 31 24 0 46 0 00 0 13 14 76 3 07 0 14 0 00 100 74 72

PI 62 54 25 0 16 27 27 1 32 0 02 0 41 11 65 4 85 0 26 0 04 100 22 57

or 61 65 06 0 00 18 09 0 03 0 00 0 02 0 00 0 09 16 40 0 02 99 72

4DR-10 cpx 37 48 91 2 00 17 58 9 95 011 7 01 10 52 3 35 0 71 0 35 100 51

cpx 39 48 32 2 13 17 01 9 90 0 15 7 76 10 88 3 24 043 0 36 100 19

cpx 41 48 99 2 00 17 32 9 85 0 10 7 06 10 34 3 31 0 66 0 26 99 89

cpx 42 49 05 1 93 18 01 9 55 0 13 6 63 9 87 3 41 0 74 0 24 99 55

cpx 44 48 31 1 91 1718 9 82 0 16 7 48 10 63 3 24 0 50 0 27 99 51

cpx 40 49 80 1 83 18 62 9 02 0 10 5 62 9 31 3 30 1 08 0 21 98 90

cpx 38 48 54 2 06 17 41 9 95 0 07 6 40 9 98 3 38 0 79 0 28 98 86

4DR-2 Pi 34 51 71 0 06 30 36 0 55 0 03 019 13 97 3 67 011 0 05 100 70 68

5DR-4 pl 59 51 70 017 29 88 0 63 0 01 0 18 13 68 3 47 0 60 0 08 100 39 67

or 60 65 53 0 01 18 03 0 18 0 01 0 00 0 04 018 1620 0 00 100 18

5DR-7 pl 46 51 30 011 30 84 0 55 0 07 0 18 14 20 3 65 0 10 0 00 100 99 69

8DR10 pl 82 48 45 0 01 32 74 0 53 0 00 0 16 16 57 2 31 0 02 0 00 100 78 81

pl 84 48 60 0 02 32 35 0 56 0 03 0 18 16 38 2 36 0 04 0 05 100 56 80

Pl 83 47 97 0 10 32 75 0 54 0 00 018 16 76 2 15 0 03 0 04 100 51 82

8DR-11 pl 171 52 45 0 05 29 73 0 60 0 00 017 13 35 4 02 0 06 0 00 100 45 65

pl 172 52 18 0 07 29 85 0 61 0 00 016 13 55 3 85 0 09 0 00 100 35 66

8DR-20 pl 107 48 58 0 05 32 04 0 59 0 00 018 16 15 2 46 0 05 0 00 100 09 80

pl 106 50 61 0 33 28 57 2 02 0 01 0 41 13 04 3 52 0 18 0 08 98 78 65

pl 105 48 27 0 03 32 91 0 41 0 00 019 16 78 2 31 0 03 0 05 100 98 82

Pl 122 50 12 0 05 31 Q2 0 47 0 00 0 21 1515 3 02 0 01 0 03 100 08 74

Pl 108 48 89 0 00 31 77 0 65 0 01 0 14 15 88 2 65 0 02 0 00 100 01 78

pl 112 52 65 0 06 29 92 0 56 0 06 0 21 13 79 3 80 0 04 0 03 101 12 67

Pl 111 49 85 0 02 32 01 0 48 0 00 018 15 67 2 64 0 04 0 01 100 90 76

pl 117 48 25 0 05 33 06 0 45 0 03 0 18 16 55 2 21 0 02 0 03 100 83 81

pl 118 49 45 0 08 32 05 0 44 0 00 0 20 15 86 2 50 0 01 0 00 100 60 78

cpx 120 49 16 1 70 14 90 10 89 0 12 7 58 11 78 2 68 0 20 0 21 99 22

cpx 121 49 14 1 68 15 03 10 61 0 16 7 67 11 66 2 82 0 18 0 23 99 17

cpx 119 49 17 170 14 82 10 30 0 09 7 52 1173 2 82 0 17 0 21 98 54

8DR-21 pl 187 49 95 0 04 31 30 0 55 0 06 016 15 23 2 94 0 03 0 00 100 25 75

pl 186 51 28 0 03 30 33 0 49 0 01 0 19 14 14 3 47 0 06 0 00 100 00 69

pl 182 50 50 0 03 3169 0 56 0 00 0 15 1518 2 96 0 06 0 00 101 13 74

pl 185 50 40 0 12 3103 0 58 0 04 0 24 14 93 3 02 0 05 0 00 100 42 73

pl 184 50 05 0 06 31 24 0 53 0 00 0 19 15 04 2 85 0 04 0 03 100 03 74

9DR-12 pl 69 53 44 0 13 28 71 1 10 0 01 0 25 1246 4 38 0 08 0 04 100 60 61

pl 70 52 98 014 29 18 0 91 0 00 0 18 12 69 4 37 0 06 0 00 100 52 62

10DR-1 pl 136 52 27 0 07 3010 0 74 0 02 0 23 13 77 3 90 0 07 0 05 101 23 67

pl 137 52 88 0 09 29 66 0 89 0 00 0 22 13 10 4 06 0 07 0 06 101 04 63

cpx 138 49 76 217 14 12 1213 0 23 6 39 11 71 3 06 0 30 0 26 100 15

10DR-6 pl 181 51 07 0 03 30 07 0 66 0 03 0 27 14 19 3 60 0 08 0 00 100 00 70

pl 180 50 24 0 08 30 90 0 57 0 02 0 24 15 05 2 97 0 05 0 01 100 13 74

10DR-9 pl 177 50 68 0 14 30 66 0 90 0 00 0 29 14 55 3 29 0 07 0 00 100 59 71

pl 176 5102 0 16 28 81 150 0 04 1 07 14 28 3 42 0 12 0 01 100 43 71

11DR-8 pl 155 49 92 0 10 3018 086 000 0 28 14 61 3 35 0 05 000 9936 72

Ol 153 40 16 0 03 011 13 36 0 25 46 03 0 31 0 01 0 01 0 00 100 28

13DR-1 pl 215 52 08 0 20 29 37 1 15 0 00 0 36 13 38 4 13 0 10 0 05 100 83 65

pl 216 51 72 011 2915 0 82 0 04 019 13 31 4 16 0 14 0 02 99 65 66

pl 210 47 21 0 08 33 41 0 35 0 02 0 21 17 16 183 0 02 0 03 100 32 85

pl 218 46 54 0 03 33 61 0 34 0 01 0 17 17 55 1 79 0 03 0 00 100 06 87

pl 217 46 81 0 04 32 99 0 33 0 02 0 19 16 79 197 0 01 0 00 99 13 84
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