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ABSTRACT

Late Cretaceous Pacific plate velocity is determined from ..oAr/s9Ar dating of

age-progressive seamount volcanism along NW-SE-trending hot spot tracks in the north

and central Pacific. Ages along the NW-SE seamount chain in the Musicians Seamounts

provide most of the constraint. Combined with previously published, less well-defined,

results from the northern Line Islands, the best estimate of Pacific plate motion for the

period 96 Ma to 82 Ma is 0.508 ± 0.053 °Im.y. about a rotation pole of 36°N, 76°W.

Volcanism along the Wentworth Seamount chain and Hess Rise is consistent with this

velocity. No hot spot volcanism has been documented which constrains Pacific plate

velocity for the period 82-70 Ma, i.e., younger than the Musicians but older than the

Emperor hot spot tracks. This study documents the difficulty in determining accurate

crystallization ages of samples altered in the submarine environment. Careful

petrographic selection of whole-rock samples and careful acid-cleaning of phenocryst

minerals significantly increases the chances of obtaining reliable results, but 4oAr/S9Ar

isochron analysis is necessary to distinguish which apparent ages are reliable.

Available age and geochemical data for most of the Cretaceous volcanism in the

western Pacific are consistent with hot spot sources located in the South Pacific Isotopic

and Thermal Anomaly (SOPITA), but cannot yet be used to constrain Pacific plate

velocity. One hot spot source (with a HIMU isotopic signature) would have created the

sills and seamounts of the Pigafetta Basin 126-120 Ma, the Ratak chain in the Marshall

Islands 90-80 Ma, and is located near the island of Rurutu in the Austral Islands. A

second hot spot source (with a DUPAL isotopic signature) would have created some of

the Magellan Seamounts ca. 100 Ma, the western Marshall Islands 80-70 Ma, and is

located near Raratonga in the Austral-Cook Islands. The flow and sill complexes of the

Nauru (Ill Ma) and East Mariana (114 Ma) basins formed south of the SOPITA, and

seem more closely related to the flood basalts of the Ontong Java Plateau than to

SOPITA basalts. Sources for the Musicians Seamounts were located north of the

SOPITA, and were more similar to typical mid-ocean ridge sources.
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Pre/ace

PREFACE

xu

The research reported here chronicles 10 years of research studying Cretaceous

seamount lineaments and hot spot tracks in the Pacific Basin. The author was first

inspired to this endeavor in a class on the history of the ocean basins taught at Princeton

University in the Fall of 1978. The instructor of that course, W. Jason Morgan, freely

admitted that such hot spot tracks remained untested hypotheses based mainly on the

geometric arguments first published by him in 1971. He also suggested the University

of Hawaii as an institution ideally suited for devising a program of research to test such

hypotheses.

The author had originally intended to use primarily petrologic and isotopic tools

to test the hot spot hypothesis for the Cretaceous seamount lineaments studied here.

However, it soon became apparent that reliable age control was the single most

important. yet most difficult and time-consuming to collect, data needed to fully test the

hot spot hypothesis. G. Brent Dalrymple, first by aiding with the initial sample selection

and then by offering an open invitation to use the geochronology laboratories of the U.S.

Geological Survey, helped provide an early focus in this study. He also cautioned that

three seamounts a year was a realistic estimate of how fast one could obtain the high

quality data required when working with altered seamount samples. Ten years and 30

odd seamounts later, he proved surprisingly omniscient.

No scientific research can exist in a vacuum, and marine geology in particular is

a science which requires productive working relationships across more disciplines than

this author can be fully competent in. In particular, the study of seamount volcanism is

most successful when the constraints of geochronology, geochemistry, and geophysics

(especially gravity and magnetics) can be combined into one coherent model.

Additionally, the shear logisitics of sea-going oceanographic expeditions involves an

effort far beyond the capabilities of an individual working group. Samples studied here

were collected over 20 years on II separate research cruises from 7 different institutions.

I would hope that this dissertation is both a testament to and an example of how

productive open cooperation between diverse scientists can be.

The four main chapters include portions of my research which has or will be

published in at least eight articles in the refereed literature. I am particulary indebted to
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the co-authors of these studies -- in patiently and openly sharing their knowledge with

me, in questioning the robustness and clarity of the data which I bring to light, and in

simply bugging me to write. I would like to fully acknowledge their contributions to the

science reported below.

Chapter I, on the paleomagnetic contraints on the evolution of the Musicians and

South Hawaiian Seamounts, is essentially Sager and Pringle [1987]. It combines the

paleomagnetic modeling of Will Sager and the radiometric age determinations of this

author. I have endeavored to delete much of the detailed paleomagnetic modeling

(referring the reader to Sager's work in the original publication as necessary) but retain

as much of the original discussion as possible to be true to that work. The Pacific

apparent polar wander path (APWP) presented in Sager and Pringle [1988] superceeds the

APWP presented in Chapter I. For the sake of consistancy, I did not incorporate it here

but did include it in Chapter 2.

Chapter 2, on the geochronology and possible hot spot origin of seamount

lineaments in the Musicians Seamounts, is a sole-authored manuscript submitted to the

AGU Monograph on the Mesozoic Pacific in memory of Sy Schlanger. Although all of

the responsiblity for the data and conclusions presented in Chapter 2 must rest with me,

several others have made significant contributions to the study. G. Brent Dalrymple

made a trip to Hawaii to help with initial sample selection for geochronology, and

provided open access to the laboratories of the U. S. Geological Survey's Geochronology

Project (Menlo Park). The author participated in only one of four cruises which

collected the samples used in the studies for Chapters I and 2, and is indepted to the

crew and chief scientists of the other three cruises for collecting the remainder -- R.

Moberly and J. F. Cambell for Hawaii Institute of Geophysics cruise KK804, J.M.

Sinton and Will Sager for Hawaii Institute 'of Geophysics cruise KK807, and D. Clague

for Scripps Institute of Oceanography cruise Aries 7.

Chapter 3, on the geochronology of Hess Rise and the Wentworth Seamount chain

extending from it, is a manuscript jointly authored with Brent Dalrymple also submitted

to the AGU Monograph on the Mesozoic Pacific in memory of Sy Schlanger. We

analyzed samples from DSDP Hole 465A on Hess Rise, from a seamount on the southeast

corner of Hess Rise dredged by the Soviet R/V Mendeleev; and from three seamounts
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along the Wentworth Seamount chain dredged in the early 1970's by the Hawaii Institute

of Geophysics and Scripps Institute of Oceanography.

Chapter 4, on the geochronology of volcanism in the Marshall Islands and

Magellan Seamounts, includes work reported in five papers dealing with the age and

geochemistry of the area. Davis et aI. [1989] discusses the age and geochemistry of

Ratak Guyot and Erikub Seamount in the Marshall Islands. Smith et al. [1989] discusses

the age, geochemistry, and geophysics of two seamounts in the Magellans province.

Pringle [in press] discusses the age and geochemistry of ODP Hole 800A near the

Magellan Seamounts and Hole B02A in the East Mariana Basin. The new ages for DSDP

Hole 462A reported here will be included in a new comparison study of the East

Mariana and Nauru Basin sill and flow complexes to be authored by Castillo, Pringle,

and Carlson. I was responsible for the geochronology sections of all of these papers.

For the isotope geochemistry sections, I was soley responsible for the Marshall Islands

study (where we first discovered that the isotope anomalies of modern French Polynesia

extend into the Cretaceous of the western Pacific), worked with H. Staudigel on the

Magellan Seamounts, and worked with P. Castillo on the Hole SOOA and 802A results.

Staudigel et al. [1991] presents additional isotope data, including work on seamounts in

the Marcus-Wake chain, and more fully discusses the implications of extending the

geophysical and geochemical anomalies found in the South Pacific today back into the

Cretaceous volcanism of the Western Pacific. The samples studied in Chapter 4 and

associated manuscripts were collected on five different cruises -- DSDP Leg 89 (Hole

462A), ODP Leg 129 (Holes 800A and B02A), Lamount-Doherty RC26 (Magellan

Seamounts), Scripps Aries 5 (Marcus-Wake ridge), and U.S. Geological Survey L9-B4-CP

(Marshali Islands).

The Appendix, on the geochemistry of volcanism in the Musicians Seamounts, is

a joint project with J.M. Sinton and H. Staudigel, Although some of the conclusions of

this study were presented in Pringle et al. [1990], further work is necessary before the

study is ready for publication. Advances in 40Ar/39Ar geochronology of low-potassium

plagioclase (lead by this author) should allow us to differentiate the ages of seamounts

and east-west ridges of the southern Musicians, then to test whether that volcanism was

age progressive or relatively simultaneous. Further isotopic work on Musicians and S.

Hawaiian Seamount samples should allow us to more fully test the similarities of these
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seamounts with mid-ocean ridge basalt, and to check for any possible contribution from

intraplate volcanism.

Any scientific study is only a snap shot of what might be known at a given time,

suggesting avenues of future work. This study is no exception, and the study of

seamount volcanism in the Cretaceous Pacific is just beginning to blossom. Several

working groups are re-examining the sample suites which already exist for the Line

Islands, an important focus of Cretaceous volcanism which was not addressed in this

study. An even greater effort is being directed towards the western Pacific. Chapter 4

of this study is only an introduction to the problems that we will be able to address over

the next several years, as it includes a discussion of only those seamounts for which both

geochronolgical and isotopic data are currently available. Several working groups are

preparing manuscripts on the geochronology and evolution of the northern Marshall

Islands, the Marcus-Wake Ridge, and seamounts farther to the north; the study of the

geochemistry of these samples is just beginning. H. Staudigel, this author, and others

completed a very sucessful sampling cruise to the Magellan Seamounts in November,

1991. The Ocean Drilling Program has scheduled two legs to guyots and atolls of the

western Pacific for the spring and summer of 1992. I eagerly anticipate that another 10

years of research will provide us with a more complete picture in both space and time of

the volcanism which formed the Cretaceous seamounts of the Pacific ocean, and the

mantle from which that volcanism came.
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Paleomagnetic and Geochronological Constraints on the Origin and Evolution

of the Musicians and South Hawaiian Seamounts,

Central Pacific Ocean



Chapter 1. Paleomagnetic Constraints

ABSTRACT

2

Twenty-two new paleomagnetic poles, 24 paleoinclinations, and 14 new

radiometric ages have been determined for seamounts and ridges in the Musicians

Seamounts and the South Hawaiian Seamounts. Paleolatitudes show that the seamounts

were formed astride the equator and are consistent with coeval volcanism over a range

of 10°_20° of latitude. The paleomagnetic data show no clear evidence for the origin of

any of the seamounts at fixed-latitude hot spots. Two mean paleomagnetic poles

defining the Pacific plate Cretaceous apparent polar wander path at 80 and 87 Ma of age

were calculated. Age estimates were made for undated seamounts by comparing their

paleomagnetic poles to the apparent polar wander path. The results imply volcanism

over a period more than 20 Ma in both the Musicians and South Hawaiian Seamounts,

starting before 90 Ma to after 70 Ma. The paleomagnetic results from several seamounts

in each of the two provinces are interpreted to indicate a possible 15°-26°

counterclockwise rotation of two small crustal blocks. A tectonic model is proposed to

explain the location and timing of the formation of seamounts in the region using a hot

spot to create some of the Musicians Seamounts, and tectonic deformation, caused by a

salient of the Farallon plate trapped between the Murray and Molokai transform faults

during a change in spreading direction, to account for the remainder.
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INTRODUCTION

3

To the northwest of the Hawaiian Islands lies a Cretaceous submarine mountain

range known as the Musicians Seamounts. Other generally smaller volcanoes, known as

the South Hawaiian Seamounts, extend farther south around the Hawaiian Islands (Figure

I.I). Despite the large amount of geophysical data that has been collected in this region,

the origin of these volcanoes remains obscure.

Eighteen new paleomagnetic poles for Musicians Seamounts, 24 paleolatitudes for

Musicians ridges, and 6 new paleomagnetic poles for South Hawaiian Seamounts are

reported here. Additionally, 4oAr/39Ar radiometric ages for rocks dredged from 14 of

these volcanoes have been determined. Together with II paleomagnetic poles and

several ages previously published for seamounts in the region, these data provide

valuable constraints on the origin and evolution of the volcanoes in the Musicians and

South Hawaiian provinces. This chapter addresses the paleomagnetic data in particular

and the overall geologic and tectonic framework of the central Pacific Basin. Such age

data as are appropriate are included; however, a detailed account of the radiometric age

determinations is presented in Chapter 2.

Geologic and Tectonic Background

The Musicians Seamounts are bounded to the north by the Pioneer fracture zone

(Figure 1.2), but to the south their termination is unclear. Most of the larger seamounts

in the region are located north of 25°N, which is often regarded as the southern

geographic limit of the province. The South Hawaiian Seamounts are scattered nearby to

the south around the Hawaiian Islands.

The seamounts, atolls, and islands of the Hawaiian ridge (Figure 1.1) in this

vicinity were formed within the last 10 Ma (see review by Dalrymple and Clague, 1987)

as the Pacific plate drifted northwestward over a melting anomaly, or "hot spot," in the

mantle. The massive volcanism and the voluminous sediments of the Hawaiian ridge

undoubtedly hide morphological features that would aid in understanding the origins of

and relationship between the Musicians and South Hawaiian Seamounts.

Three populations of seamounts were recognized in the Musicians province by

Rea and Naugler [1971]: (I) the Musicians Horst, an elevated block of crust located
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between the Murray and Molokai fracture zones, elongated in an east-west direction,

and containing several large volcanoes; (2) 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 concentrated mainly in the western half. Interestingly, two

predominant trends, one striking about N900E and the other about N70oE, are displayed

by many of the elongated edifices in the first two groups. Furthermore, in the group of

individual seamounts, two distinct linear chains are distinguishable (Figure I.l). One,

called the "Bending Line" chain by Rea and Naugler [1971], trends northwest-southeast

beginning with a cluster located at-34°N, 167°W. At the Murray fracture zone this chain

blends with the southern ridges and consequently its extension farther south is unclear.

Henceforth, we call this lineament the "NW-SE" chain. The other chain trends north

south along 162°W. It includes seamounts on a line between Schubert and Mendelssohn,

and possibly includes a few seamounts to the south of the Hawaiian ridge. This

lineament we call the "North-South" or "N-S" chain.

The boundaries of the South Hawaiian Seamounts are also uncertain. Most are

scattered, small volcanoes similar to many other Cretaceous seamounts found in the

central and western Pacific. The greatest concentration of South Hawaiian Seamounts is

found near the island of Hawaii (Figure I.l). Of particular note is a grouping of

seamounts directly west of Hawaii that forms an inverted "V" shape. One limb of the

"V", including Cross Seamount, is formed by a ridge-like feature similar to those in the

southern Musicians, but with an azimuth of N50oE.

Two large fracture zones, formed at transform faults on the Pacific-Farallon

ridge, cross the study area. The Murray fracture zone, consisting of numerous linear

troughs and ridges, trends east-northeast through the middle of the Musicians province.

It causes no perceptible offset of the seamounts, suggesting that many, if not all, formed

after the active Murray transform had moved off to the east. The topographic

expression of this fracture zone fades a few hundred kilometers west of the Musicians

Seamounts, but it can be traced westward by its magnetic anomalies to the vicinity of

Laysan Island in the Hawaiian chain [Rea, 1970]. Farther south, similar bathymetric and

magnetic features delineate the Molokai fracture zone. Although its topographic

expression disappears slightly cast of the Hawaiian Islands, it also can be been traced

westward, nearly to the Line Islands, by its magnetic [Malahoff et al., 1966] and geoid

anomalies (used in drawing Figure 1.2).
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The Musicians and South Hawaiian Seamounts sit atop ocean crust that

apparently formed during the Cretaceous normal polarity superchron (K-N). In Figure

1.2 the probable edges of the K-N seafloor are shown.

5

The western edge of the K-N in Figure 1.2 has been extrapolated eastward from

the Jurassic-Cretaceous mixed polarity superchron (JK-M) isochrons observed in the

Pacific west of the Line Islands [Hilde et al., 1976; Larson, 1976; Tamaki et aI., 1979;

Tamaki and Larson, 1987]. Because the actual edge of the K-N, chron MO, has only

been identified with certainty in the Hawaiian lineations north of 25°N, the actual edge

of the K-N in this region is somewhat uncertain. However, several isochrons of the late

JK-M sequence have been recognized to the south in a limited area slightly west of the

Line Islands [Tamaki and Larson, 1987].

The eastern edge of the K-N in Figure 1.2 has similarly been extrapolated

westward from the isochrons of the Cretaceous-Tertiary-Quaternary mixed polarity

superchron (KTQ-M) observed east of the Hawaiian Islands [Atwater and Menard, 1970;

Malahoff and Handschumacher, 1971; Addicott et al., 1982]. The actual location of the

eastern boundary of the K- N is also uncertain because the oldest magnetic isochron

reliable identified to the east of the Musicians Seamounts is anomaly 32b [Malahoff and

Handschumacher, 1971; Addicott et al., 1982], rather than the actual edge of the K-N,

chron 34. It is unclear whether this boundary of the K-N is missing in the region or

has simply remained unmapped. If the extrapolation used to approximate the eastern

boundary of the K-N is correct, the age of the seafloor beneath the northern Musicians

Seamounts (north of the Murray) and the South Hawaiian Seamounts (south of the

Molokai) is about 95-100 Ma. In between, the age of the seafloor beneath the

seamounts is extrapolated to be approximately 80-85 Ma.

Evidently, the Musicians and South Hawaiian Seamounts were erupted within a

relatively short period after the formation of the seafloor upon which they reside.

Several studies of the compensation and lithospheric flexure of these edifices have

concluded that they were mostly formed near the spreading ridge [Watts et al., 1980;

Schwank and Lazarewicz, 1982; Freedman and Parson, 1986; W. Smith and M. Pringle,

unpublished data]. However, variations in the compensation and amplitudes of gravity

anomalies of the Musicians Seamounts have led to the suggestion that some of these
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volcanoes may have been constructed up to 20 my after the crust upon which they are

found [Schwank and Lazarewicz, 1982; Freedman and Parsons, 1986].

6

Because few geologic data complement the extensive geophysical data sets from

the Musicians and South Hawaiian provinces, many ideas concerning the evolution of

these seamounts are based on little more than geometric constraints. Several bathymetric

trends within the Musicians have invited speculation. As a result, at least five scenarios

have been developed to explain their origin. Conversely, the South Hawaiian Seamounts

are a largely amorphous collection of volcanoes with few compelling bathymetric trends

to suggest their origin.

Hypotheses of the origin of the Musicians Seamounts can be divided into two

categories, hot spot and non-hot spot related. According to Rea [1970] and Rea and

Naugler [1971], the Musicians Seamounts formed along a line coincident with the

western chain of volcanic edifices at which many of the north Pacific fracture zones

appeared to bend, given the geophysical data available at the time (hence the name

"Bending Line" chain). They supposed that the line corresponded to a zone of highly

fractured crust caused by a change in the spreading direction. Another possibility is that

the Musicians Seamounts are the result of a ridge jump, either beginning or ending at

the NW-SE chain [Epp, 1978; Rea and Dixon, 1983]. The basis for this hypothesis is the

observation that the NW-SE chain is roughly perpendicular to the trends of the Late

Cretaceous mid-Pacific fracture zones and that the zone of K-N seafloor is particularly

wide in this region.

Seamount lineations within the Musicians province are suggestive of edifices built

by hot spot volcanism. The NW-SE chain is copolar with the northern Line Islands

seamounts, while the North-South chain of seamounts is copolar with the Emperor

Seamounts [Epp, 1978]. Age progressive, hot spot models have been proposed for both

the Emperor Seamounts [Dalrymple, et aI., 1980] and Line Islands [Schlanger et aI.,

1984]. A single hot spot model for the formation of the Musicians starts with a hot spot

trace progessing southeast along the NW-SE chain until it reached the area of the

Murray fracture zone. Coincident with a change in plate motion near the end of the

Cretaceous, the hot spot then moved due south along the North-South chain [W.J.

Morgan, personal communication, 1978]. A two-hot spot model also has the NW-SE

seamount chain forming first, but from 95-80 Ma as the Pacific drifted northwestward.
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Subsequently, the Pacific plate changed direction at the end of the Cretaceous to a more

northerly drift, and the Musicians province passed over a second hot spot during the

period 72-55 Ma [Henderson and Gordon, 1981]. In either hot spot hypothesis, the

Musicians Horst and the east-west ridges may have formed along transform faults by

magma "leaking" from the hot spot and the nearby spreading ridge [Lowrie et al., 1986].

We conclude that the evolution of the seamounts in the Musicians and South

Hawaiian provinces was complex. The data presented here provide important constraints

on their evolution; we prefer a hybrid model combining the hot spot and spreading ridge

reorganization models.

Seamount Paleomagnetism

Seamount paleomagnetism is of particular interest and importance in the study of

oceanic plates, because it is extremely difficult to obtain individual fully-oriented

samples from the ocean fJ00r for direct laboratory measurements. The observed

magnetic anomaly caused by a seamount can be mathematically formulated as a linear

combination of the Cartesian components of its mean magnetization vector and volume

integrals of its shape. Usually. the volume integrals of a body of arbitrary shape cannot

be solved analytically, so the shape is approximated by simple geometric bodies whose

volume integrals can be readily calculated [Vacquier, 1962; Talwani, 1965; Plouff, 1976].

The components of the magnetization vector can then be determined through an over

determined linear least-squares inversion. Once the mean magnetization vector of a

seamount is determined, the results may be used like any other paleomagnetic datum

[i.e., Francheteau et al., 1970; Harrison et al., 1975; Sager, 1983].

Seamount magnetic anomaly inversion requires that several assumptions be made

about the formation of a seamount and the character of its rocks. The edifice is

assumed to have formed over a long enough period of time to have averaged out secular

variations. Futhermore, the contributions of induced magnetization, viscous remnant

magnetization, or any other secondary magnetic component to the mean magnetization

vector are assumed to be negligible. In addition, for reasons of mathematical simplicity

and the inherent non-uniqueness of potential field analysis, the magnetization is assumed

to be homogeneous throughout the edifice.
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As these assumptions are rather stringent, their validity has been a Source of

some concern. Two questions about these assumptions arise most frequently: (1) are

seamount geomagnetic poles (GPs) accurate if the volcano is not homogeneously

magnetized and (2) are not seamounts GPs seriously biased by secondary magnetization

components including induced and viscous magnetism? The obvious answer to each is

that a seamount pole can be misleading in a worst-case scenario. A seamount whose

magnetization contains many reversals can give an erroneous GP [Lumb et al., 1973].

Furthermore, a seamount whose magnetization has a large induced component will yield

a GP too close to the present-day geomagnetic north pole if it is normally polarized, or

too far away if it is reversely polarized.

8

Concerning the problem of magnetization homogeneity, two factors tend to

restrict the use of non-uniformly magnetized seamounts for the calculation of

paleomagnetic data. Those with highly non-uniform magnetization rarely yield

acceptable values of the reliability parameters that are used to test the fit of the modeled

and observed magnetic field. Such data are rejected as unreliable on this basis. Also,

many of the seamounts that have been studied paleomagnetically in the Pacific were

probably formed during the K-N and thus are likely to have a relatively uniform,

normally polarized magnetization [Hildebrand and Staudigel, 1986]. Fortunately, most of

the Musicians Seamounts have remarkably uniform magnetic anomalies that respond well

to the linear least-squares inversion technique, yielding a relatively consistent data set.

The question of the composition of the magnetization residing within seamounts has

recently engendered considerable debate. The large ratio of seamounts with normal

polarity anomalies versus those with reversed anomalies has led some authors to suggest

that seamount magnetizations contain a significant induced or viscous component

[Williams et aI., 1983; Merrill, 1985; Verhoef et al., 1985]. On the other hand, it has

been argued that much of the polarity bias results from the fact that the Pacific

seamounts most likely to have magnetic anomalies amenable to least-squares inversion

are those that formed during the K-N [Hildebrand and Staudigel, 1986]. A comparison

of well-dated seamount and non-seamount Pacific paleomagnetic data found that there is

no noticeable offset between the two, implying that any contribution from induced or

viscous magnetization is not consistent [Sager, 1987].

Unfortunately, there is very little evidence to be had from actual rock samples

taken from the interior of seamounts. Magnetic studies have been undertaken on
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samples from only two deep drill holes on seamounts. Kono (1980] found that rocks

from Deep Sea Drilling Project Hole 433C on Suiko Guyot, in the Emperor chain, had

undergone little low temperature alteration. These samples had an average

Koenigsberger ratio of 9.4 and magnetizations resistant to alternating field

demagnetization. Samples from the other deep drill hole, in Bermuda [Rice et al., 1980],

revealed that highly differentiated alkalic sheets of Tertiary age had intruded into the

original Cretaceous tholeiitic basalt pile causing extensive remagnetization and

hydrothermal alteration. Not only are many of these rocks remagnetized, but chemical

changes have lowered their Koenigsberger ratios and rendered them more susceptible to

the acqusition of secondary components. Thus, although most available data indicates

little bias of seamount GPs by secondary components [Sager, 1987], their existence

cannot be entirely ignored in the interpretation of this type of data.

RESULTS

The data needed for the inversion of seamount magnetic anomalies to calculate

paleomagnetic poles are bathymetric soundings to delineate the shape of a volcano and

measurements of its magnetic anomaly. The primary data used in this study were from

two Hawaii Institute of Geophysics (HIG) cruises of the RjV Kalla Keoki. Cruises

KK80041402 and KK80071S00 were undertaken specifically to gather data in the

Musicians Seamounts for testing various hypotheses of their origin. On these cruises,

eight seamounts were surveyed with the intent of inverting their magnetic anomalies for

paleomagnetic data. Geomagnetic field intensity measurements were digitally recorded

with a proton precession magnetometer towed 200m behind the ship. Additionally,

several dozen dredges, scattered throughout the province, successfully obtained rock

samples for petrologic and radiometric age study. Depths were determined with a 3.5

kHz echo sounder and corrected for the velocity of sound in seawater [Matthews, 1939].

Seismic reflection profiling was also carried out using an 80 in3 (1311 cm3) airgun source

and ship tracks were postitioned using Doppler satellite navigation.

It would have been impossible to undertake a study of this scope without

geophysical data from many other sources. Two Musicians Seamounts, Mendelssohn and

Schumann, were surveyed in detail during a HIG project to assess mineral resources in

the Hawaiian Exclusive Economic Zone (cruises KK84080600 and KK84082402). The

bathymetric data for Mendelssohn Seamount were derived with the SeaMARC II side-
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scan sonar system. Finch and Finch-W, both located in the South Hawaiian province,

were surveyed on HIG cruise KK78080700. The rest of the geophysical cruise data, too

numerous to detail here, were taken from the archives of the National Geophysical Data

Center. Two notable contributions are detailed bathymetric and magnetic surveys

conducted during the 1960's by the Environmental Sciences Service Administration

(ESSA) in the region north of the Hawaiian Islands [Naugler, 1968; Rea, 1969; Rea and

Naugler, 1971] and by the U.S Naval Oceanographic Office in the region southwest of

the Hawaiian Islands [U.S. Naval Oceanographic Office, 1962].

Paleomagnetic Models

Magnetization parameters were calculated using both two and three-dimensional

magnetic inversion techniques. Table 1.1 summarizes the three-dimensional modeling of

the Musicians and South Hawaiian Seamounts. Figure I.l shows the locations of the

seamounts studied. For a complete discussion of the paleomagnetic modeling and

calculations, including the results of the two-dimensional modeling of the Musicians

east-west ridges, the reader is referred to Sager and Pringle [1987].

The three-dimensional method used was Plouff's [1976] extension of the Talwani

[I965] algorithm. This technique utilizes a stack of polygonal prisms with vertical sides

to approximate the shape of the magnetic body. Other paleomagnetic poles, taken from

previous work, were calculated using either Vacquier's [1962; also in Richards et at,

1967] Or Talwani's [I965] modeling techniques. All of these methods produce analogous

results. The two-dimensional magnetic inversion is based on a similar technique: a least

squares solution for the magnetization parameters was programmed into the algorithm

devised for forward modeling of two-dimensional magnetic anomalies [Talwani and

Heirtzler, 1964].

Usually the resemblance of the calculated to the observed magnetic anomaly is

taken as an indicator of the validity of the magnetization parameters calculated in an

inversion. The parameter most widely used for this purposed is the "goodness-of-fit

ratio" (GFR) [Richards et al., 1967]. It is simply the mean magnitude of the observed

magnetic anomaly divided by the mean magnitude of the residuals (observed minus

calculated anomaly values). Although there is no theoretical precedent for selecting a
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minimum acceptable GFR value, seamount anomaly inversions with GFRs below 1.8-2.0

are generally considered unreliable [Harrison et al., 1975; Sager, 1983].

For the Musicians and South Hawaiian Seamounts, the GFRs are generally large

(Table 1.1). Considering the three-dimensional calculations, 18 of 22 Musicians

Seamounts and 8 of 13 South Hawaiian Seamounts have GFRs greater than 3.0. The

Musicians Seamount with the lowest GFR value is Brahms (2.0), while the South

Hawaiian seamount with the lowest GFR value is McCall (2.1). Even though this

suggests that these two magnetic inversions are not as reliable as the other inversions

studied here, these two results are of considerable importance because radiometric dates

are available for both seamounts. For the two-dimensional calculations of the east-west

ridges, 24 of 58 profiles meet quality criteria discussed in Sager and Pringle [1987],

including GFRs greater than 2.5. These inversions showed that Bach and Beethoven

ridges are normally magnetized, whereas Prokofiev ridge and all but the western tip of

Rameau ridge are reversely polarized. Both Rameau and Prokofiev are near Paumakua

Seamount, which is also of reversed polarity. Thus, virtually all of the reversely

polarized volcanoes in the entire province are located within a short distance of one

another (Figure 1.2).

Seamount Ages

K-Ar and 4oAr/39Ar total-fusion ages have been reported for five seamounts

(exclusive of the Hawaiian ridge) in the region of this study. Clague and Dalrymple

[1975] determined ages of 88.8 ± 5.2 Ma and 66.9 ± 2.9 Ma, respectively, for

Rachmaninoff and Khatchaturian seamounts in the Musicians. Dymond and Windom

[1968] determined ages of 87.6 ± 2.0 Ma and 87.6 ± 1.8 to 91.3 ± 2.1 Ma for Cross

Seamount and Seamount HOI in the South Hawaiian province. They also reported an

age of 0.7 Ma for a seamout located 120 km northwest of HOI but it appears the dated

sample was mislabeled and actually dredged elsewhere far removed from the study area

[D. Clague, personal communication, 1984]. All of the ages cited above have been

corrected for new K-Ar decay constants determined since their publication [Steiger and

Jaeger, 1977].

Although the K-Ar radiometric decay clock has been widely used to date oceanic

lavas, care must be used to avoid the effects of seawater alteration. During normal
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submarine weathering, both K-addition and radiogenic 4oAr-Ioss will lower the apparent

K-Ar age. Clague, et al. [1975] and Dalrymple and Clague [1976] found that 40Arj89Ar

total-fusion ages of altered Hawaiian basalts were a better estimate of the crystallization

age than conventional K-Ar ages of the same rocks. They attributed this effect to the

proportional loss of radiogenic 40Ar and K-derived 89Ar from alteration products such as

clays. Dalrymple, et al. [1980] used 40Arj89Ar incremental-heating experiments to test

the degree to which K-Ar crystallization ages had been disturbed or altered to yield

reliable, independent crystallization ages. Further work (l.e., Walker and McDougall,

1982, and Pringle, 1984) has emphasized that whole rock total-fusion ages, at best, must

be cautiously interpreted in the absence of age spectra data.

4oArj89Ar ages for 14 seamounts have been determined (Table 1.2), based mainly

on concordant incremental-heating experiments (Table 1.3) and mineral total-fusion ages

(Table 1.4). Ages from concordant incremental-heating experiments should be accurate

to the reported analytical precision, no better than 0.5 percent. Feldspar total-fusion

ages, usually within analytical precision of the best age estimate, may be as much as 10%

too young. Whole rock total-fusion ages can deviate at least 30% from the true

crystallization age, but may be within ± 10% for carefully selected samples. A more

complete discussion of the accuracy of conventional K-Ar and 40Arj89Ar ages of altered

oceanic lavas is found in Chapter 2.

Nine samples from seven seamounts yielded concordant 40Arj89Ar incremental

heating age plateau and isochron ages (Table 1.3) following the criteria of Lanphere and

Dalrymple [1978] and Dalrymple, et al. [1980]. Figure 1.3 shows the age spectra and

weighted plateau age for the best of these experiments. The isochron age is preferred

instead of the weighted plateau age because (I) no assumption of the composition of

non-radiogenic 40Ar is required and (2) the error estimate includes both an estimate for

the experimental precision of each increment and an estimate for the scatter about the

final isochron age. We adopt the isochron age as the best estimate for the age of six of

these seamounts: Khatchaturian, Brahms, East Mendelssohn, West Mendelssohn,

Schumann, and central Bach Ridge (Tables 1.2 and 1.3). Clague and Dalrymple [1975]

reported a conventional K-Ar age of 66.9 ± 2.6 Ma for one of these samples, a

plagioclase separate (A7-59D-15) from Khatchaturian Seamount. This is 18% lower than

the incremental-heating age reported here and highlights the problem of dating even

apparently fresh-looking feldspar separates with the conventional K-Ar technique. The
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ninth incremental-heating experiment, from a sample from the Mahler Seamount, did

not reveal a very precise age estimate and we prefer to use an average of the total

fusion ages for the paleomagnetic model age of that seamount (see below).
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Ages for seven seamounts (Rachmaninoff, Haydn, Schumann, Liszt, Paumakua,

Kauluakalana, and McCall) are based on at least two plagioclase 4oAr/89Ar total-fusion

experiments from each seamount (Table 1.4). A few alkalic whole rock total-fusion ages

have been included in the weighted age when these are concordant with the plagioclase

total-fusion ages. The two coarser-fraction plagioclase total-fusion ages reported by

Clague and Dalrymple [1975] are included in the weighted age for Rachmaninoff

Seamount. Additionally, plagioclase total-fusion ages confirm the 4oArjS9Ar

incremental-heating ages for Brahms Seamount and central Bach Ridge.

Total-fusion ages from Mahler and Cross seamounts are somewhat discordant at

the 95% confidence level (Table 1.4). We prefer the arithmetic average of the individual

total-fusion experiments as the best estimate of these seamount ages, and the standard

deviation of these ages as the best estimate of the accuracy of these ages. The preferred

age for Mahler Seamount is concordant with the plagioclase incremental-heating age

reported above. We have included the conventional K-Ar biotite age determined by

Dymond and Windom [1968] in the preferred age for Cross Seamount.

Three seamounts (Chatauqua, Kona 5S, and Show) and two ridges (Prokofiev and

Rameau) can be dated by their reversed magnetic polarity. Following Gordon and Cox

[1980a], the three seamounts were evidently formed earlier than 69 Ma because their GPs

are located on the Pacific APWP. but farther south than the 69 Ma mean pole (see next

section and Figures 1.5-1.7). Between the end of the Cretaceous Quiet Period and 69

Ma, only three reversals took place, 31r, 32r, and 33r [Harland et aI., 1982]. Chrons 31r

and 32r occurred between 68-72Ma, but chron 33r occurred between 79-83 Ma. The

positions of the GPs of these seamounts, near other data of approximately 80 Ma age,

implies that these seamounts formed during chron 33r. Kona 5S and Show are assigned

the mean age of this reversed period, 81 Ma. Chatauqua, on the other hand, has a

normally polarized summit. Thus it is assumed to be the-age of the end of chron 33r, 79

Ma. We note that different versions of the geomagnetic reversal time scale assign ages

of 79-83 Ma for the beginning of Chron 33r [Ness et al., 1980], thus a reasonable

estimate of the error of these magnetic. polarity ages is about 5% or 4 Ma.
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The two ridges, Prokoviev and Rameau, are the same polarity as nearby

Paumakua Seamount, dated at 65 ± 5 Ma. Because of their proximity and the fact that

these are the only three edifices in the Musicians Seamouns that are entirely reversed in

polarity, it seems reasonable to assume that they formed contemporaneously during the

same reversed polarity chron. In addition, their paleolatitudes, 2.8° and 5.7°, are close to

that of Paumakua, 3.9°. Thus an age of 65 ± 5 Ma is inferred for both ridges.

DISCUSSION AND INTERPRETATION

Before exploring the implications of the data, it is important to consider their

limitations. In this study and elsewhere, it was found that, on the average, random

errors in reliable GP positions amount to about 4°-6° [Gordon, 1983; Sager, 1983; Sager,

1987]. Furthermore, the GP data, with its errors, must be interpreted with age data that

also contain errors. The error in an "acceptable" age determination depends, of course,

on the type and quality of the datum, but it usually ranges from 1-2% for the best data

to 10-30% for the worst. For many other geologic problems, pole and age errors of

these magnitudes would pose few problems. However, apparent polar wander for the

Pacific plate appears to have been rapid during the Mid to Late Cretaceous [Gordon,

1983; Sager, 1983J. As a consequence, the paleomagnetic and age data are pushed to the

limit of their resolution. Therefore, without over-interpreting the results, we endeavor

to carefully extract the consistent overall pattern from the data while filtering out the

errors.

A New Pacific Apparent Polar Wander Path

The magnetization parameters (Tables 1.1 and 1.2) have been used to calculate a

geomagnetic pole for each of the seamounts in the study area. These data can be used

in two different, but important ways. First, the GPs with reliable ages can be used to

refine the apparent polar wander path (APWP) of the Pacific plate. Second, the APWP

can be used as a benchmark against which the paleomagnetic poles of undated seamounts

can be compared to obtain constraints on geologic and tectonic models.

Details of the calculations of paleomagnetic poles for 39 and 69 Ma are reported

in Sager [l987J. No data from the Musicians or South Hawaiian Seamounts were used in

the determination of the 39 Ma pole; however, GPs from Haydn and Paumakua were
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used for the 69 Ma pole. These two paleopoles comprised 19% of the data utilized for

the calculation of the 69 Ma pole.
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With the 12 new reliably dated GPs described above, the mean poles defining the

Late Cretaceous Pacific APWP were recalculated (Table 1.5 and Sager and Pringle, 1987).

First, the pole positions for the seamounts that have been dated in this study and poles

from other seamounts with reliable ages from the literature were plotted in Figure 1.4.

The general trend of the poles is southward with increasing age, towards the north

central Atlantic Ocean, from the early Tertiary to Late Cretaceous. From about 70-90

Ma, APW appears to have accumulated rapidly. At approximately 80 Ma the trend

appears to bend to the west. Then, the seamount paleomagnetic poles, and other Pacific

paleomagnetic data, all with ages between 78-94 Ma, were collected and divided into

two groups by age. The older group has a mean age of 87 Ma; the younger group has a

mean age of 80 Ma. Details concerning the calculation of paleomagnetic poles from

these two groups of data are found in Sager and Pringle [1987], and the two new mean

poles defining the new Pacific APWP are found in Table 1.5 and Figures 1.5 and 1.6.

Several well-dated seamount GPs were excluded from the mean pole calculations.

These poles may be discrepant for several reasons. If the GP is located near the APWP,

then the error seems most likely to be in the age assignment. Those GPs located well

away from the APWP may reflect errors in the determination of the paleomagnetic

parameters. GPs from Z-43 [Vacquier and Uyeda, 1967], Kauluakalana, Mendelssohn-E,

and Khatchaturian appear to fall into these categories. An alternative explanation for

inconsistent GPs is that they reflect actual tectonic motion. As discussed below, this may

be the correct hypothesis for the data from Brahms, Cross, and McCaH Seamounts.

Despite the fact that seamounts from the Musicians and South Hawaiian

provinces provide much of the constraint of the calculations of the mean poles, the new

mean pole locations are in good agreement with previously published Pacific APWPs

[Sager, 1983; Gordon, 1983; Cox and Gordon, 1984]. Furthermore, the APWP follows

the trend of undated seamount GPs and other paleomagnetic data from other parts of the

Pacific. Thus, the seamount paleomagnetic data derived in this study greatly improve

the precision with which the Pacific APWP is known, but do not add an obvious

systematic bias to its calculation.
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Paleopoles. Magnetic Ages. and Possible Rotations
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The geomagnetic poles calculated for the undated Musicians and South Hawaiian

Seamounts (Tables 1.1 and 1.2) were plotted and compared with the Pacific APWP

discussed above (Figure 1.7). With few exceptions, most of the GPs from both seamount

groups lie close to the APWP on the sections corresponding to the periods of rapid polar

wander from 69 to 87 Ma. Only one GP, from Kauluakalana Seamount, is located to the

north and west of the main cluster of GPs. The age of this seamount, 80 Ma, is clearly

inconsistent with the location of its paleopole. From the location of its GP, between the

geomagnetic and geographic north poles, the magnetization of this particular volcano

must be almost entirely induced. None of the other seamounts in this study shows such

an obvious induced bias.

Several GPs are located to the south and east of the APWP. Six to eight South

Hawaiian and Musicians seamount GPs are located slightly east of the 69 Ma pole. As

explained below, the placement of these GPs may have a tectonic cause. The GPs of

Donizetti-Wand Bizet are both found well to the east of the APWP. The locations of

both of these poles may be the result of errors in the determination of the magnetization

parameters of the seamounts. The magnetic anomaly inversions of both were based on

sparse geophysical data sets consisting mainly of tracks from the more than twenty year

old ESSA Seamap survey.

The majority of the Musicians and South Hawaiian GPs are located near the

Pacific APWP, and a rough estimate of the age of each of the seamounts can be made

from its GP along the path. In Figure 1.7 a dashed line between the 69 and 80 Ma

mean poles separates the GPs into two groups: those located along the younger part of

the APWP and those located along the older part. An age of 65-75 Ma is implied for the

"younger" seamounts and an age of 80-90 Ma is inferred for the "older" seamounts. This

exercise makes the assumption that each GP accurately reflects the age of the seamount

for which it was determined. From the discussion above, GPs have an average error of

4°-6°. Consequently, poles located near the dashed line in Figure 1.7 may be assigned an

incorrect age, and this must be considered in the interpretation of such age estimates. In

order to avoid confusion with standard age dating techniques, these estimates are

referred to as "magnetic ages".
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In general, the magnetic ages of adjacent seamounts in the study area are

consistent with each other (Figure 1.8). Most of the seamounts along the NW-SE chain

and those on the northeast side of the Musicians Horst belong to the older group. Many

of the edifices in the eastern Musicians and central South Hawaiian Seamounts belong to

the younger group. In the southeast Musicians province, around the east-west ridges,

most of the seamounts have younger magnetic ages. The South Hawaiian volcanoes with

younger magnetic ages appear surrounded by older edifices.

Because dated Musicians and South Hawaiian seamounts provided much of the

constraint for the calculation of the APWP, the magnetic ages of these seamounts should

agree with their radiometric ages. Brahms, Cross, and McCall seamounts are notable

exceptions. All three yield paleopoles that are located near the 69 Ma mean pole

(Figures 1.4, 1.7, 1.9), yet all three have radiometric ages in the range of 83-89 Ma.

The GPs are located relatively near the APWP at a sizable distance from the mean

paleomagnetic poles of the appropriate ages. The fact that the three GPs are located

relatively close to one another implies a consistent cause. The magnetic age discrepancy

cannot be easily explained as a random error in either the radiometric ages or the GPs,

because the data would have to be systematically biased by almost the same amount in

both age and location. Furthermore, the age determination for Brahms Seamount comes

from an 4oAr/39Ar concordant incremental-heating experiment that produced an

exceptionally good age plateau (Figure 1.3), and this age should- be particularly reliable.

In addition, the discrepant poles are unlikely to be caused by induced or viscous

magnetism as they are not displaced toward the present geomagnetic pole from their

expected positions, but nearly at right angles to this direction.

A detailed examination of the GPs (Figure 1.9) shows that the two seamounts

next to Brahms in the North-South chain (shown by hatched areas in Figure 1.8) both

have GPs that are located very close to that of Brahms. Because of the proximity of

these GPs to the 69 Ma mean paleomagnetic pole and the fact that neither has been

dated, it is possible that both volcanoes are nearly 20 Ma younger than Brahms.

However, no younger volcanoes have been found in this part of the Musicians

Seamounts. A similar situation exists in the South Hawaiian Seamounts. Both Cross and

McCall Seamounts have GPs that are located to the east of the 69 Ma pole, inconsistent

with their radiometric ages. Moreover, three nearby undated seamounts (shown by

hatched areas in Figure 1.8) yield GPs close to those of Cross and McCall (Figure 1.9).
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Likewise, these three seamounts may be near 69 Ma in age, but all the well-dated South

Hawaiian Seamounts south of the Hawaiian Islands have ages in the range of 79-85 Ma.

The results for these two groups of seamounts are consistent, and indicate a

counterclockwise rotation with respect to the rest of the Pacific plate.

If one assumes that the other seamounts near Cross, McCall, and Brahms that

yielded suspect GPs are approximately the same age, then mean poles can be determined

with Fisher statistics to quantify the amount of rotation (Figure 1.9). The three

seamounts in the northern Musicians (including Brahms) suggest a counterclockwise

rotation of IS ± 90, whereas the seven seamounts in the South Hawaiian province imply

a similar rotation of 26 ± 9°. This can be interpreted to indicate that the tectonic

rotation occurred in two small blocks or microplates, rather than one large block,

because seamounts that show no evidence of rotation separate the two deviant groups

and the circles of 95% confidence of the two groups do not overlap (Figure 1.9). This

hypothesis, though tentative, is testable with further age and paleomagnetic data.

Duration of Volcanism

Paleomagnetic poles for both Musicians and South Hawaiian Seamounts are

scattered more or less uniformly along the segment of the Pacific APWP bounded by the

87 Ma and 69 Ma mean poles, suggesting that the volcanism in both provinces was

coeval and lasted for 20 Ma or more. Additionally, none of the reliable GPs are located

on the APWP west of the 87 Ma mean pole or north of the 69 Ma mean pole. This is in

agreement with the available age data for the Musicians and South Hawaiian Seamounts,

which are all in the range of 95-65 Ma [this chapter and Chapter 2].

The major differences in the distribution of the GPs from the two groups are (I)

most of the GPs found at the western (oldest) end of the APWP are from the Musicians

Seamounts, and (2) most of the GPs located to the east of the 69 Ma pole are from the

South Hawaiian province (Figure 1.7). The first observation suggests that the oldest

Musicians Seamounts may be slightly older than the oldest South Hawaiian Seamounts.

This finding is supported by the radiometric age data which suggests that while the

northwest Musicians are as old as 95 Ma, the oldest dated South Hawaiian seamount is

5-6 Ma younger. The location of numerous South Hawaiian GPs to the east of the 69

Ma mean pole may be a result of the hypothesized rotation of a small crustal block
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located south of the present Hawaiian Islands. Alternatively, it may simply indicate that

there are many younger (i.e., around 70 Ma) seamounts in this province and that the

estimated position of the 69 Ma pole is slightly in error.

Paleolatitudes

Paleolatitudes for each seamount are plotted in Figure 1.10 along with the

reliable paleolatitudes from the Musicians ridges. Most of the values fall between lOoS

and lOON, indicating that the seamounts in this region were formed while this part of

the Pacific was near the paleoequator. With only one exception, the Musicians

Seamounts to the north of the east-west ridges formed slightly to the north of the

equator. Conversely, with a single exception, the seamounts of the South Hawaiian

group located to the south of the Hawaiian Islands formed slightly to the south of the

equator. The east-west ridges and the seamounts among them show a mix of north and

south paleolatitudes.

The distribution of paleolatitudes in Figure 1.10 suggests that the seamounts in

both provinces formed more-or-Iess coevally over a latitude range consistent with their

geographic distribution. Despite the northward drift of the Pacific plate during the Late

Cretaceous implied by hot spot seamount chains [e.g., Engebretson et al., 1985] there is

no obvious roughly north-south trending subset of volcanoes with a nearly constant

paleolatitude that might indicate they were formed by a hot spot. Instead, the highest

paleolatitudes are found in the northern Musicians and in the South Hawaiian

Seamounts, whereas the lowest paleolatitudes are found in the area in between.

In Figure 1.11, the paleolatitudes of the volcanoes in each chain have been

plotted versus distance along the chain. If the seamounts were formed at a hot spot that

remained nearly fixed in latitude, their paleolatitudes would plot on a horizontal line.

Alternatively, if the seamounts erupted more or less contemporaneously and formed in

their present latitudinal spread, their paleolatitudes should plot along a line tilted at 45°.

The the data for the NW-SE chain do not provide a distinctive test. Considering the

error bounds of the paleolatitudes, all of the points plot within reasonable scatter for

either model. On the other hand, the seamounts in the N-S chain clearly did not form

at a single latitude. Instead, the trend of their paleolatitudes is close to 45°, suggesting

that they formed in approximately their present latitudinal distribution. This finding
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agrees with the radiometric age data from this chain which display no age progressive

trend [Chapter 2].

Tectonic Model

20

The paleomagnetic and radiometric age data provide a number of useful

constraints for geologic models of the formation of the Musicians and South Hawaiian

Seamounts. Such a model should explain the following findings. The age data in

Chapter 2 describe an age-progressive trend in the NW-SE chain, suggesting that the

chain resulted from hot spot volcanism 95-82 Ma. However, both the age and

paleomagnetic data imply that this is not the case for the North-South chain.

Furthermore, the data show no obvious age-progressive trends elsewhere in either

province that might indicate hot spot volcanism. Moreover, the model should explain

the widespread and prolonged volcanism that apparently occurred in both provinces for

over 20 Ma, from about 90-70 Ma. In addition, a mechanism for the possible rotation

of small crustal blocks, containing several seamounts each, is desirable.

None of the published evolutionary schemes for the formation of the Musicians

and South Hawaiian Seamounts fits all of the geophysical observations. However, the

"bending line" and hot spot hypotheses contain elements that can be used to account for

most of the observations.

We preface the tectonic model by examining the central Pacific crust surrounding

the study area. Figure 1.2 shows the traces of the major mid-Pacific fracture zones, as

expressed by bathymetry, magnetic anomalies, and satellite-derived geoid anomalies.

Also shown in Figure 1.2 are major bathymetric features and selected magnetic

isochrons. The area pertinent to this study is south of the Mendocino fracture zone and

north of the Clipperton fracture zone. The Mendocino fracture zone appears complex

and probably represents the boundary between two different regimes of spreading.

During the K-N, the Mendocino transform may have been part of the boundary between

the north and south Farallon plates [Rea and Dixon, 1983]. At the end of the K-N, the

Mendocino appears to have separated the Pacific from the Chinook microplate [Rea and

Dixon, 1983; Mammerickx and Sharman, 1987].

The Clipperton and other major fracture zones to the south of it appear linear

east of the Line Islands. However, the Pioneer, Murray, Molokai, and Clarion fracture
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zones, located between the Mendocino and Clipperton, clearly curve convex to the north

(Figure 1.2). The bends in these fracture zones occur slightly west of the younger

boundary of K-N, suggesting that a change in the relative plate motion occurred near

the end of the K-N. It is not clear whether the difference in fracture zone trends north

and south of the Clipperton represents another, as yet unidentified, plate boundary or

whether the curved portions of the Clipperton fracture zone and others farther south

were lost through a boundary reorganization. The proximity of isochron 32 to the

extrapolated position of the older boundary of the K-N south of the Clipperton (Figure

1.2) suggests that the boundary hypothesis may be correct.

The Murray and Molokai fracture zones are diffuse belts of deformation, 100 km

or more wide, but the Pioneer and Clarion fracture zones are much narrower and well

defined (Figure 1.2). This difference appears to be a result of the size of the offset

across each fracture zone. Across the Murray, anomaly 32 is offset sinistrally by about

750 km [Rea and Dixon, 1983]. Across the Molokai, it appears to be offset dextrally by

a slightly greater distance [Addicott et aI., 1982]. These offsets indicate that a long

westward salient of the Farallon plate, appropriately 750km long and 900km wide, once

protruded into the Pacific between the two fracture zones. If the width of the deformed

area indeed reflects the offset across a fracture zone, then the wide traces of the

Molokai and Murray suggest that the large offsets may have persisted throughout most

of the K - N. The offsets of magnetic isochrons across the narrower Clarion and Pioneer

fracture zones, on the other hand, appear to be less than 100 km [Atwater and Menard,

1970].

Examination of the trends of magnetic isochrons near the Line Islands suggests

that the Pacific-Farallon ridge was nearly parallel to that chain at about the beginning of

the K-N. Not long thereafter, a change in the direction of spreading took place and the

trend of the ridge became more nearly north-south. The arcuate fracture zone trends in

the central Pacific imply that the relative pole of rotation describing the northern Pacific

and Farallon plate moved to a point near the equator. From great circles drawn

perpendicular to five points on each of the Clarion and Pioneer fracture zones inside the

swath of K-N seafloor, an Euler pole of rotation at 11.0°5, 154.6°W was found. As the

curve of the fracture zones appear continuous through the K-N seafloor, spreading

around this pole of rotation must have continued throughout most of the rest of

the K-N.
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At 95 Ma, volcanism apparently began on the NW-SE chain in the Musicians

Seamounts as the Pacific plate moved in a northwesterly direction over a hot spot located

near the equator. Why the NW-SE chain begins abruptly south of the Pioneer fracture

zone is unclear. The hot spot may have erupted on the Farallon plate to the north of the

Mendocino fracture zone and then come beneath the Pacific plate as the Mendocino

passed northward over it.

Just prior to the end of the K-N, a change in spreading direction took place

once again along the Pacif'ic-Farallon ridge. The evidence for this ridge reorganization

is the change in fracture zone trends near the younger edge of the K-N seafloor.

Additionally, the bathymetic signatures of the Pioneer and Clarion fracture zones, well

defined elsewhere, are difficult to trace at this point (the hatchured zones in Figure

1.12). At this time, the hot spot was located slightly north of the long salient of

Farallon plate that protruded into the Pacific plate between the Murray and Molokai

fracture zones. Before the change in spreading direction occurred, the ridges were

oriented approximately north-south and spreading was east-west. In Figure 1.12, we

have extrapolated the position of the Pacific-Farallon ridge at about 90 Ma to show its

configuration before the change. After the change in spreading direction, the ridges

were oriented about N200W and the direction of spreading was about N700E.

As a consequence of the change in spreading direction, the transform boundaries

along the long interfingered salients of the Pacific and Farallon plates were no longer

parallel to the direction of maximum stress along which the two plates were forced to

move. Thus, compression must have occurred along some fracture zones and extension

along others. The Farallon salient, trapped between pieces of Pacific plate, caused

fracturing of the Pacific on either side as it rotated with the pivoting Farallon plate.

Many of the Musicians and South Hawaiian Seamounts were formed at this time as

magma, perhaps influenced by the nearby hot spot, found its way to the seafloor along

these fractures.

During this period of deformation and adjustment along the Pacific-Farallon

ridge system, there may have existed crustal blocks that rotated in relation to the

surrounding major plates. Two such possible microplates are shown in Figure 1.12,

including the locations of the seamounts whose anomalous paleomagnetic poles suggest a

rotation with respect to the Pacific plate. Given the limited data available, it is
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impossible to precisely define the boundaries of these microplates or provide a unique

geologic model for their origin and development. However, we note that if a thin sheet

of brittle material has an interfingering boundary, as the Pacific and Farallon plates

apparently had, and there are forces placed oblique to the strike-slip boundaries, there is

a tendency for the larger "fingers" to break off at their bases. This type of fracturing

may have allowed the reorientation of some segments of the Pacific-Farallon ridge by

the rotation of microplates rather than by ridge rotation.

Evidence for ancient and currently active microplates has been found recently in

many areas of the Pacific [Rea and Dixon, 1983; Hey et at, 1985; Anderson-Fontana et

aI., 1986; Mamrnerickx and Sharman, 1987], yet tectonic models for microplate evolution

are still rather crude [e.g., Engeln and Stein, 1984]. Although our evidence for

microplate rotations in the Musicians and South Hawaiian Seamounts is based on

somewhat tenuous evidence, if the postulated rotations can be confirmed, this data will

shed new light on the poorly understood dynamics of such features.

It should have taken 10-15 Ma for the Farallon salient to withdraw from the

obstructing pieces of Pacific plate surrounding it. Volcanism continued in the Musicians

and South Hawaiian Seamounts as brittle deformation and fracturing occurred as a

consequence of the interaction between the two plates. The ridges and elongated

volcanic edifices, and perhaps the Musicians Horst, possibly formed along lines of

weakness that may have been fracture zone traces. The Murray and Molokai were the

major fracture zones in the area, but there is evidence that other smaller fracture zones

offset the Pacific-FaraUon ridge. One possible fracture zone has been noted south of the

island of Hawaii [Handschumacher and Andrews, 1975]; another can be seen in the

magnetic lineations east of the Musicians Seamounts between the Murray and Molokai

fracture zones (recognized in Figure 2 of Malahoff and Handschumacher, 1971, by R·.

Moberly, pers, comm., 1982). The elongated features in the Musicians are oriented

approximately east-west and N70oE, corresponding to the two directions of spreading.

Finally, at about 7I Ma the Farallon salient cleared the impinging pieces of Pacific plate

that had confined it and the volcanism in the Musicians and South Hawaiian Seamounts

ended. The configuration of the Pacific-Farallon ridge at about this time is shown in

Figure 1.12.
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This tectonic model has several features worth noting. First, it explains why the

Musicians and South Hawaiian Seamounts formed where they did. The necessary

ingredients were a reorganization of a spreading ridge plate boundary with long

interlocking sections and a nearby hot spot to provide anomalous magma. It also offers

an explanation for the extended duration of volcanism in these seamount provinces as a

consequence of the lengthy interaction of the Pacific and Farallon plates along

interlocked boundaries. The formation of the linear volcanic features is accounted for

by the eruption of magma along lines of weakness fractured by the plate interactions.

These may have been coincident with fracture zone traces. Additionally, this model

offers a framework for the explanation of the apparent rotation of small crustal blocks

during plate boundary reorganization.

CONCLUSIONS

New paleomagentic and age data from the Musicians and South Hawaiian

seamount provinces have been combined previously existing data to provide constraints

on the origin and geologic history of these seamounts. Volcanism occurred throughout

the Musicians Seamounts from about 95 to 70 Ma. The volcanism in the South Hawaiian

Seamounts may have begun 5-10 m.y, later, but seamounts in both provinces were

apparently active at the same time and the two groups are probably related. The

seamounts all appear to have formed near the equator. During the time they erupted,

the paleoequator was located at about the location of the east-west trending Musicians

ridges. Thus, the northern Musicians display paleolatitudes that are slightly to the north

of the equator and the South Hawaiian Seamounts display paleolatitudes that are slightly

south of the equator. The paleolatitudes also suggest that the seamounts of the North

South chain in the Musicians were formed nearly contemporaneously at different

latitudes rather than at a relatively constant latitude by a fixed hot spot.

The new paleomagnetic data and ages have been used to recalculate two new

mean paleomagnetic poles on the Pacific apparent polar wander path. One, located at

58SN, 358.3°E, has a mean age of 80 Ma and the other, located at 57.0oN, 331.6°E, has

a mean age of 87 Ma. By comparison with the polar wander path, magnetic ages for the

undated Musicians and South Hawaiian Seamounts were estimated. These ages suggest

that the oldest Musicians Seamounts are located in the NW-SE chain and in the northern

part of the Musicians Horst. The youngest are located in the southeast Musicians and
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perhaps in the South Hawaiian provinces. Several seamounts with reliable ages have

paleomagnetic pole positions consistent with one another, but display large deviations

from the other dated paleomagnetic pole positions of the same age. These data have

been interpreted to indicate that at least two small crustal blocks may have rotated with

respect to the rest of the Pacific as microplates.

The preferred tectonic model for the formation of the Musicians and South

Hawaiian Seamounts calls upon the proximity of a hot spot to a long section of Farallon

plate that protruded into the Pacific plate. A change in spreading direction caused this

salient of Farallon plate to stress the Pacific plate surrounding it, resulting in volcanism

in the province for a period of 10-15 Ma. Many of the volcanic features in both

seamount groups were formed by eruptions of hot spot and ridge crest magmas along

fracture zones caused by the plate interactions.
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Table 1.1. location and Magnetic Paleopoles of Musicians and South Hawaiian Seamounts

Location Paleopole
Seamount ID lat (ON), Long (OW) Lat (ON), Long (OW) GFR Ref.

Mus;c;ans Seamounts

Berlin M1 32.9 166.0 59.4 358.8 3.9 1
Mahler M2 31.8 165.0 56.0 342.6 6.7 1
Mussorgskf M3 30.4 163.9 58.2 354.5 3.3 2
Rachmaninoff M4 29.6 163.3 55.6 324.6 2.5 2
Pagan;ni M5 28.7 162.6 67.2 26.9 3.2 1
Katchaturian M6 28.1 162.3 56.5 332.5 5.3 2
Schubert M7 31.9 162.1 65.7 355.3 4.3 1
Brahms M8 31.2 162.1 66.3 348.2 2.0 2
Debussy M9 30.3 162.1 67.3 3.1 3.2 1
Tchaikovsky M10 29.4 162.3 62.4 356.6 3.4 1
Liszt M11 29.0 162.3 59.2 333.8 5.1 1
Handel H12 27.5 159.9 69.3 10.2 7.4 1
Rimski-Korsakov M13 25.3 159.7 70.1 0.0 9.3 1
Gluck M14 26.9 160.1 64.9 9.5 5.2 1
WMendelssohn H15 25.1 162.8 57.8 3.1 3.3 1
E Mendelssohn H16 25.1 161.7 68.3 14.3 3.5 1
Haydn M17 26.6 161.3 69.2 357.9 3.3 1
WSchl.lll8M M18 25.7 160.2 59.2 349.9 2.3 1
E Schl.lll8nn H19 25.9 159.9 55.6 343.3 2.3 1
WDonizetti M20 32.2 160.3 55.3 333.2 3.5 1
E Donizetti H21 32.2 160.0 58.9 23.4 5.0 1
B;szet M22 32.3 161.6 50.1 32.1 3.6 1

South Hawaiian Seamounts

Kauluakalana H1 23.3 158.4 85.2 289.9 5.7 1
Chatauqua H2 22.2 162.6 60.0 358.7 3
HD1 H3 18.3 161.8 52.0 342.0 4.7 4
HD4 H4 20.0 158.2 66.0 40.0 3.4 4
Finch H5 17.7 156.7 68.0 10.0 4.4 1
WF;nch H6 17.4 157.9 65.5 16.6 3.0 1
Kona 4N H7 17.3 154.2 64.6 352.8 2.9 5
Kana 5N H8 17.1 154.2 49.8 1.5 2.9 5
Show H9 17.9 152.7 56.5 350.1 3.2 5
Wini H10 19.0 153.8 70.9 17.1 2.3 5
Paumakua H11 24.9 157.1 67.7 1.8 4.9 1
Cross H12 18.5 158.0 72.4 19.4 4.2 1
McCall H13 18.8 157.2 69.2 35.0 2.1 1

GFR: Goodness of Fit Ratio References: 1: Sager and Pringle [1987]
2: Harrison et al , [1975]
3: Schimke and Bufe [1968]
4: Richards et al. [1967]
5: Francheteau et al. [1970]

26
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Table 1.2.

Summary of 40Ar/39Ar Ages from the
Musicians and South Hawaiian Seamounts

27

SEAMOONT AGE
(Ma) ±1 sd

Concordant Incremental Heati!19 Ages

Khatchaturlan* 81.7 :t1.6
Brahms 88.9 :to.6
East Mendelssohn n.D ±1.9
West Mendelssohn 81.7 ±1.2
Central Bach Ridge 73.8 ±1.7

Concordant Total Fusion Ages

Rachmani noff* 85.6 ±1.2
Haydn 76.5 ±1.4
Schumann 73.D 1:1.6
Liszt 83.8 ±1.6
Paunakua 65.5 ±4.3
Kaluakalana 80.5 ±1.6
McCall 82.7 ±0.5

Somewhat Discordant Total Fusion Ages

Mahler 86.4 ±2.6
Cross* 84.6 ±3.8

Conventional K-Ar Age

HD1** 89.2 ±1.8

Magnetic Polarity Ages

Chataua 79
Kona S5 81
Show 81
Prokofiev 65
Rameau 65

* ~eighted average includes most reliable of
previously published values.

** from Dymond and Windom [1968].



Table 1.3.
Age Spectra and Isochron Analysis Summary of Concordant 40Ar/39Ar

Incremental-Heating Experiments of Samples from the Musicians Seamounts

AGE SPECTRA ISOCHRON

SAMPLE MATERIAL INCREMENTS " 39Ar WEIGHTED AGE 40Ar/36Ar SUMS/N-2
USED AGE INTERCEPT

MAHLER SEAMOUNT

KK804 7-17 Plagioclase 650·940 70.7 85.9 :t 1.5 84.7 :t 4.1 299.9 :t 14.3 1.24

KHATCHATURIAN SEAMOUNT

A7-591H5 I Plagioclase 700-FUSE 66.8 79.5 :t 1.2 81.6:t 2.0 293.4 :t 1.3 0.11
A7-59D-31 Plagioclase 680-900 69.7 81.4 :t 1.0 81.8 :t 2.9 294.4:t 7.1 0.94

Weighted Age = 80.6 :t 0.8 81.7:t 1.6
BRAH:-IS SEAMOUNT

KK804 21-6 K-feldspar 800-1150 93.9 89.3 :t 0.4 88.9 :t 0.6 317.6 :t 20.7 0.12

EAST MENDELSSOHN

KK80737-2 Mugearite 600-800 65.2 77.4 :t 0.6 77.0:t 1.9 315.5 :t 54.0 2.52

WEST MENDELSSOHN

KK807 38-1 Plag-Basalt 650-1000 79.5 79.9 :t 0.9 82.9 :t 2.6 271.7:t 20.6 0.38
Plagioclase 550·1020 95.0 82.4 :t 0.6 81.3 :t 1.4 298.2 :t 3.0 0.98

Weighted Age = 81.6 :t 0.5 81.7:t 1.2
CENTRAL BACH RIDGE

KK807 27-2 Basalt 600-850 68.5 73.6 :t 1.8 73.8 :t 1.7 295.2 :t 1.8 0.44

WEST SCHUMANN SEAMOUNT

KK848 52-51A Plagioclase 720-1040 83.1 82.9 :t 0.6 82.2:t 1.0 298.7 :t 3.8 0.17

Experimental methods and data reduction are discussed in Chapter 2. Ages are calculated using lambda
epsilon =0.581 X 10.10 /yr and lambda beta =4.962 X 10.10 /yri all errors are estimates of the standard
deviation of analytical precision. ~eighted ages are weighted by the inverse of the variance.
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Table 1.4. 40Ar/39Ar Total-fusion Ages of Samples from the Musicians and South Hawaiian Seamounts. o
::r
Il)

'0
(;'

37Ar/39Ar 36Ar/39Ar

..,
SEAMOUNT MATERIAL J 40Ar/39 Ar 36Arca 39Arca 40Ar l( 40ArR b AGE c AVERAGE c -

(a) (8) (a) (X) (X) (X) (X) (Ma) AGE
.."
Il)

CD
Mahler

0
3

1(1(804, 7-1 J1lJgearite 0.005436 11.581 1.4715 0.00790 4.9 0.1 0.05 BO.8 89.6 :t 0.6 Il)

oe
" II 0.004568 10.901 ****** ******* **** *** **** **** 87.7:t 0.5 ::s

(l)

1(1(804, 7-17 plag 125-250u 0.002239 21.422 ****"* ******* **** *** **** **** 84.5 :t 2.8 86.4 :t 2.6 8V ...
" II II 0.003025 20.181 52.125 0.03212 45.5 3.6 0.03 74.4 83.0 :t 1.0 o'
" plag 75-125u 0.006287 17.221 55.619 0.04814 32.4 3.8 0.03 44.1 87.5 :t 2.8 o

0
::s
'"Rachmaninoff
.....,
Il)

A7-580-0 plag 125-250u 0.003209 33.343 31.803 0.07177 12.4 2.2 0.02 44.3 85.3 :t 2.4 ::s
II II II 0.003209 20.544 30.600 0.02904 29.6 2.1 0.03 70.6 83.7:t 1.8

...
'"

A7-580-25 plag 100-250u d 0.006435 23.084 39.144 0.06365 16.7 2.5 0.03 32.1 86.2 :t 8.8 85.6 :t 1.2 wt
A7-580-26 plag 100-250u d 0.006435 54.913 37.166 0.17174 5.9 2.4 0.01 13.0 88.0 :t 15.0
A7-580-33/34 plag 125-250u 0.003209 43.233 38.172 0.10586 10.1 2.6 0.01 35.0 87.7 :t 2.8

" II II 0.003209 31.713 35.247 0.06542 15.1 2.4 0.02 48.2 88.6 :t 3.0

I(hatchaturian
A7-590-15 plag 125-250u 0.002534 86.941 39.646 0.24999 4.5 2.7 0.01 18.8 75.3 :t 2.5
A7-590-31 plag 125-250u 0.002534 75.366 93.396 0.23047 11.4 6.4 0.01 19.9 71.8:t 1.9 73.7:t 1.4 wt

II II II 0.002239 19.573 ****** ******* **** "*" **** "**" 77.4 :t 3.5

Haydn
1(1(807 33-6 plag 125-175u 0.006528 96.570 84.881 0.33054 7.2 5.8 0.01 6.1 72.7 :t 8.5
1(1(807 33-7 plag 125-175u 0.005868 70.611 74.322 0.23439 8.9 5.1 0.01 10.6 81.9 :t 6.5 76.5 :t 1.4 wt

II II HCl leach 0.003040 23.266 112.12 0.06577 47.9 7.7 0.03 56.4 76.3 :t 1.5

a : corrected for 37Ar decay, half-life =35.1 days. Experimental methods and data reduction are discussed in Chapter 2.
b : Radiogenic (R), calcium-derived (Ca), and potassium-derived (I() argon isotopes.
c : Lambda epsilon =0.581X10- 10/yr, lambda beta =4.962X10- 10/yr. Errors are estimates of the s.d. of analytical precision.
d : From Clague and Oalrymple [1975].

wt : Concordant ages are weighted by the inverse of the variance.
av : Discordant ages are simple averages (see text).
***: Recombined total-fusion age from incremental heating experiment.

tv
\0





Table 1.4 (continued). 40Ar/39Ar Total-fusion Ages of Samples from the MusIcians and South Hawaiian Seamounts. o
::r
III
'0...
ell

40Ar/39 Ar 37Ar/39Ar 36Ar/39Ar 36Arca 39Arca 40ArK 40ArR b
..,

SEAMCXJNT MATERIAL J AGE c AVERAGE c -(a) (a) (a) (X) (X) (X) (X) (Ma) AGE
"tl
III
iii

Paunakua 0
3

KK807 26-4 plag 150-250u 0.005681 34.004 48.752 0.10850 12.6 3.3 0.02 17.6 62.3 :I: 5.2 III
()Q

II II 75·150u 0.005681 112.47 56.192 0.37245 4.2 3.8 0.01 6.3 73.8 :I: 8.6 65.5 :I: 4.3 wt :l

KK807 26-7 plag 75-100u 0.005681 79.900 86.503 0.27346 8.8 5.9 0.01 7.8 67.0 :I: 19.0 g..
n

Kaluakalana o
0

KK807 25-2 plag 125-250u 0.006145 39.530 30.999 0.11800 7.4 2.1 0.02 18.3 80.0 :I: 2.4 80.5 :I: 1.6 wt ::s
on

II II 75-125u 0.006145 32.910 28.447 0.09458 8.4 2.0 0.02 22.2 80.9 :I: 2.2
.....,
~.
:l

McCall ...
en

KK848 43-51 plag 125-250u 0.003040 19.693 28.726 0.02325 34.7 2.0 0.03 77.2 83.1 :I: 0.7
II II 0.003040 23.400 30.941 0.03685 23.6 2.1 0.03 64.4 82.5 :I: 1.1 82.7:1: 0.5 wt

KK84843-53 trachyte 0.002680 27.505 1.3641 0.03450 1.0 <0.1 0.02 63.3 82.4 :I: 0.7

~
S033 1DK-1A trachyte 0.002680 18.637 1.0241 0.00591 4.6 <0.1 0.03 91.0 80.3 :I: 0.5
5033 6DK-1A hawai ii te 0.002680 21.656 1.1546 0.01209 2.5 <0.1 0.03 83.9 85.8 :I: 0.5 84.6 :I: 3.8 av
Dredge 7·12 biotite e conventional K-Ar: 4.97X K20, 7.72X10- 10 mol 40ArR /9 89 87.7 :I: 2.0

a : Corrected for 37Ar decay, half-life = 35.1 days. Experimental methods and data reduction are discussed in Chapter 2.
b : Radiogenic (R), calciun·derived (Ca), and potassium-derived (K) argon isotopes.
c : Lambda epsilon =0.581X10-10/yr, lambda beta = 4.962X10- 10/yr. Errors are estimates of the s.d. of analytical precision.
e : From Dymond and Windom [1968).

wt : Concordant ages are weighted by the inverse of the variance.
BV : Discordant ages are simple averages (see text).
***: Recombined total-fusion age from incremental heating experiment.

w
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Table 1.5. Pacific Plate Apparent Wander Path Poles

95% Confidence Ellipse
Age :I: 1 s.d. Pole Location Semi-Axis Length (0) Major Axis Ref.

(Ma) Lat (ON), Long (ON) Major Minor Azimuth (OE)

69 :I: 4 70.2 0.8 3.0 1.9 91 1
39 :I: 2 77.6 7.6 3.5 2.4 91 1
80 :I: 4 58.5 358.3 3.1 2.9 91 2
87 :I: 3 57.0 331.6 4.2 3.8 56 2

References: [1] Sager [1987]
[2] Sager and Pringle [19Sn

32
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Figure Ll , Generalized bathymetric chart of the centra) Pacific Ocean showing the

locations of the Musicians Seamounts and South Hawaiian Seamounts (after Mammerickx

and Smith, 1985). The stippled boxes indicate the seamounts that have been modeled to

obtain paleomagnetic poles. The bathymetric contour interval is I km.
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D

Figure 1.2. Chart of tectonic features of the central Pacific. Heavy lines show the

bathymetric trends of the major fracture zones (from Mammerickx and Smith, 1985;

198J). Dashed lines indicate fracture zone trends derived from the deflection of the

vertical from SeaSat altimeter data (from Sandwell, J985). Dotted lines indicate !ineated

magnetic anomalies caused by fracture zones (from Malahoff et aI., 1966; Rea, 1970).

Magnetic isochrons M5 and 32 (see text for sources) are shown to indicate the isochron

trends for anomalies of the late JK-M and early KTQ-M superchrons, The extrapolated

edges of the Cretaceous Quiet Zone (K-N superchron) are shown by the stippled pattern.
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Figure 1.3. 40Arj39Ar age spectra for samples from the Musicians Seamounts. The age

indicated is the weighted plateau age in Ma and the temperatures for each increment are

in degrees Celsius. Dashed lines indicate the estimated standard deviation about the

calculated age (solid lines) for each increment.
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Figure 1.4. Dated Pacific seamount paleomagnetic poles. Filled circles denote those

poles used in the calculation of mean paleomagnetic poles defining the Pacific apparent

polar wander path (see text and Sager, 1987). Open circles are poles not used in the

mean pole calculations.
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Figure 1.5. The 80 Ma mean Pacific paleomagnetic pole and the data used for its

calculation. The stars are seamount paleomagnetic poles and the curved arc is a segment

of the polar locus determined from azimuthally-unoriented paleomagnetic samples from

DSDP Site 170. The letters are seamount identifiers from Tables 1.1 and 1.2 or the first

two letters of the seamount name if from other than the study area. The filled square is

the location of the mean pole and the surrounding ellipse is its 95% confidence region

(see Table 1.5). A complete listing of the data used in the mean pole calculation is given

in the Sager and Pringle [1987].
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Figure 1.6. The 87 Ma mean Pacific paleomagnetic pole and the data used in its

calculation. Conventions as in Figure 1.5.
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Figure 1.7. Comparison of Musicians and South Hawaiian seamount poles with the

Pacific apparent polar wander path. Filled stars denote poles of Musicians Seamounts;

open stars denote South Hawaiian Seamount poles. Labels correspond to the identifiers

in Tables 1.1 and 1.2. The larger numbers indicate the ages of the mean paleomagnetic

poles in Ma. The location of each mean paleomagnetic pole is shown by the filled

squares and is surrounded by its 95% confidence ellipse. The dashed line divides the

paleomagnetic poles into two groups for the estimation of magnetic ages (see text for

discussion).
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Figure 1.8. Magnetic ages. The triangles correspond to seamounts having poles that are

located closest to the 69 Ma mean Pacific paleomagnetic pole and the filled circles

denote those that have poles located closest to the 80-87 portion of the Pacific apparent

polar wander path (see text for discussion). Crosshatching indicates seamounts with pole

positions that may indicate rotation and hence incorrect magnetic ages.
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Figure 1.9. Possible anomalous paleomagnetic poles. The open stars represent the

paleomagnetic poles of Brahms, Debussy, and Schubert, three seamounts in the northern

Musicians that may have rotated with respect to the rest of the Pacific plate. The solid

stars denote the poles for Cross, McCall, and three other nearby seamounts in the South

Hawaiian province that also may have rotated. Solid squares show the mean positions of

the anomalous poles and the surrounding circles are their 95% confidence regions. Poles

of the Pacific apparent polar wander path are shown as filled circles and are surrounded

by their 95% confidence ellipses. The small dots denote the paleomagnetic poles of other

Musicians and South Hawaiian Seamounts. Large numbers indicate the average age of

each mean pole.
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Figure 1.10. Paleolatitudes of Musicians and South Hawaiian Seamounts and Ridges.

Circles represent seamounts that formed north of the equator, whereas triangles denote

seamounts formed south of the equator. The numbers labeling each symbol show the

paleolatitude (in degrees north or south) at which each volcano formed.
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Figure 1.11. Paleolatitude versus distance plots for the seamounts in the NW-SE

trending chain and N-S trending linear chains. Distance is plotted in degrees of arc

from Berlin Seamount (NW-SE) and Schubert Seamount (N-S line). The error bars

shown for the point in the middle of each plot are average estimates believed to be

representative for the seamounts examined in this study. Note that seamounts M5 and

M6 (Paganini and Khatchaturian) are included in both plots as it is unclear to which

chain they belong.
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Figure 1.12 (following page). Tectonic model for the formation of the Musicians and

South Hawaiian Seamounts. Left: An approximation of the position of the Pacific

Farallon ridge at about 90 Ma, just before a change in the direction of spreading. The

Hawaiian Islands are shown for positional reference, but did not exist at the time. The

NW-SE chain (light lines) was forming due to the Pacific plate's northwestward drift

over a hot spot. The hatchured areas show unclear portions of the otherwise well

defined Pioneer and Clarion fracture zones. These ill-defined segments of the fracture

zones may have formed during the change in ridge orientation accompanying the

spreading direction change. The arrows show the directions of spreading along each

ridge segment both before and after the change in spreading direction. The dotted lines

show the fracture zone trends of the old spreading direction. A small transform offset is

shown on each ridge segment between the major fracture zones to indicate that there

probably existed smaller fracture zones in addition to the major fracture zones. The

stippled lines trending northwestward show the direction along which fractures may have

propagated in the Iithosphere as a result of compression along the longer transforms

caused by the change in spreading direction. Stars show locations of seamounts that may

have rotated as microplates. RIGHT: Volcanism ends at about 71 Ma (anomaly 32 time)

as the Farallon plate salient clears the obstructing region of the Pacific plate

corresponding to the 90 Ma location of the Murray and Molokai fracture zones (dotted

lines).
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40Ar/39Ar ages of 12 of the Musicians Seamounts, located north of the Hawaiian

Islands in the central Pacific, describe generally age progressive volcanism from 96 Ma

in the NW corner of the province to 75 Ma in the SE. In particular, a NW-SE trending

chain of seamounts has a well-defined linear age progression from 95.7 to 82.5 Ma: 52.0

± 5.8 km/m.y., or 0.503 ± 0.055 o/m.y. about a rotation pole at 36°N, 76°W. Several tests

are consistent with, but not conclusive proof of, a fixed hot spot hypothesis for this age

progressive trend. Assuming the fixed hot spot model and combining these results with

previously published results from the northern Line Islands, the best estimate for Pacific

plate/hot spot motion for the period 96 to 82 Ma is 0.508 ± 0.053 °/m.y. No age

progression could be found along a N-S lineament of seamounts within the Musicians

Seamounts province, and there is no evidence for volcanism younger than 75 Ma, coeval

with volcanism in the Emperor Seamounts. If the hot spot model is correct, then the

Pacific Apparent Polar Wander Path of Sager and Pringle [1988] describes a unique

period of rapid true polar wander at the end of the Cretaceous normal polarity

superchron, 85 to 82 Ma.

The 4oAr/39Ar age data presented here highlight the difficulty in determining

accurate ages of even relatively fresh whole rock and phenocryst minerals that have been

subjected to alteration processes in the submarine environment since Cretaceous time.

Conventional K-Ar ages of feldspar separates in general, single 4oAr/39Ar feldspar total

fusion ages, and even groups of 4oAr/39Ar whole rock total-fusion ages all proved

unable to provide the high quality age estimates necessary to decipher the history of the

Late Cretaceous seamounts examined here. The results of this study emphasize the

necessity of using incremental-heating and total-fusion isochron analysis, with their

inherent internal concordance check, in choosing which ages from partially altered

samples may be considered reliable.
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According to the hot spot hypothesis, linear island and seamount chains form as

the lithosphere moves over deep, fixed melting anomalies. An important step in our

understanding the origin and evolution of island and seamount chains, the concept of hot

spots consists of at least two distinct hypotheses: the kinematic hot spot hypothesis,

where age progressive chains of volcanoes form as the lithosphere moves relative to a

melting anomaly [Wilson, 1963a, b; Christofferson, 1968J and the fixed hot spot

hypothesis, where these melting anomalies are fixed with respect to each other in some

absolute motion reference frame [Morgan, 1971, 1972a, 1972bJ. Morgan [1971, 1972a,

1972bJ also proposed a mechanism of hot spot formation, where hot spots are the surface

expression of thermal plumes rising from deep within the mantle.

The importance of the hot spot hypothesis for plate tectonic theory cannot be

underestimated. The absolute pole of rotation and angular rotation rate about that pole

for a particular lithospheric plate can be determined from a single hot spot track if both

the kinematic and fixed hot spot hypotheses can be shown to be true for that volcanic

lineament. Multiple hot spot tracks on a single plate can confirm the fixed hot spot

hypothesis and may allow the plate velocity to be defined with greater precision.

Almost all our knowledge of plate velocity comes from either magnetic lineations on the

sea floor (relative velocity constraints) or well-defined hot spot age progressions

(absolute velocity constraints). For areas without mappable magnetic lineations, such as

seafloor formed during the Cretaceous normal polarity superchron or continental plates

without any attached sea floor, hot spot tracks may be the only way to determine plate

velocities.

The Pacific Basin has been the focus of much of the research on linear island

and seamount chains. Morgan [1972a, 1972bJ suggested a hot spot origin for four Pacific

seamount chains, although few radiometric age data were available to actually test the

hypothesis. Since 1972, at least some radiometric age data have indicated age

progressions for 10 or so Pacific seamount and island chains (Figure 2.1). Most of the

age data are for hot spot tracks less younger than 42 Ma, and most of those ages are less

than 20 Ma. Between 42 and 70 Ma, a well-documented age progression has been found

only for the Emperor Seamounts. Less well-documented age progressions have been

found in the Line Islands and along the Louisville ridge. Older than 70 Ma, age
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progressive volcanism has been documented for only a few seamounts in the northern

Line Islands.

49

The purpose of this work was to test the hot spot hypothesis for the Musicians

Seamounts, a Late Cretaceous seamount province in the north-central Pacific, and to

compare these results with those previously published for the northern Line Islands

[Schlanger et aI., 1984]. A primary goal of this work was to estimate the velocity of the

Pacific plate during the Late Cretaceous.

Geologic Setting

The Musicians Seamounts form a complex province of isolated seamounts and

east-west trending ridges in the north-central Pacific Basin (Figure 2.2). Two distinct

seamount lineaments were examined in this study. The first lineament trends NW-SE,

parallel to the northern Line Islands. It starts within a cluster of unnamed seamounts in

the NW corner of the province, and continues southeast until it crosses the Murray

Fracture Zone and merges with the western edge of the east-west trending ridges. This

trend is not distinct within the east-west trending ridges south of the Murray Fracture

Zone, and Campbell et al. [1980] found no evidence of its extension further to the

southeast. The second lineament studied trends N-S, parallel to the. Emperor Seamounts.

It starts within the small plateau of seamounts called the Musicians Horst [Rea and

Naugler, 1971], and continues south to Mendelssohn, the southernmost Musicians

Seamount.

The Musicians Seamounts sit atop seafloor that apparently formed during the

Cretaceous normal polarity superchron, The Murray Fracture Zone, consisting of a band

of numerous linear troughs and ridges approximately 100 km wide, trends east-northeast

through the middle of the province. It causes no perceptible offset of the seamounts

north and south of the fracture zone, suggesting that many. if not all, formed outside

the active fracture zone. Based on a westward extrapolation of the Cretaceous-Tertiary

Quaternary magnetic lineations, Sager and Pringle [1987] concluded that the seafloor

beneath the Musicians north of the Murray Fracture Zone is approximately 95-100 Ma,

while the age of the seafloor beneath the Musicians south of the fracture zone is

approximately 80-85 Ma.
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The Musicians Seamounts were apparently formed within a relatively short period

after the formation of the seafloor upon which they rest. Several studies of

compensation depth and lithospheric flexure have concluded that most of the Musicians

Seamounts were formed near the spreading ridge [Watts et al. 1980; Schwank and

Lazarewicz, 1982; Freedman and Parsons, 1986]. However, some variation in the

amplitudes of the gravity anomalies derived from Seasat altimeter data and modeled

compensation depths led Schwank and Lazarewicz [1982] and Freedman and Parsons

[1986] to suggest that some of the Musicians Seamounts could be as much as 20 m.y,

younger than the seafloor. Further 2-dimensional modeling based on the limited

available ship-based gravity data found no evidence for seamount volcanism more than

15 m.y. older than the seafloor [W.H.F. Smith and M.S. Pringle, unpublished data].

These conclusions agree with the conclusions of Chapter I and Sager and Pringle [1987],

who found no evidence for volcanism younger than about 70 Ma in the paleomagnetic

data.

Only two radiometric ages were available for the Musicians Seamounts before

this study, both from a reconnaissance study of Cretaceous seamounts in the northern

Pacific [Clague and Dalrymple, 1975]. Both were determined on plagioclase separates

from basaltic rocks but were determined by different techniques: an age of 89 Ma for

Rachmaninoff Seamount was determined by the 40Arj39Ar total-fusion technique, while

an age of 67 Ma age for Khatchaturian was determined by conventional K-Ar analysis

(all ages in this study have been calculated using the decay constants recommended by

Steiger and Jager, 1977).

Clague and Jarrard [1973] suggested that the Musicians, Line Islands, and

Liliuokalani seamount chains might be hot spot tracks tracing a pre-Emporer, i.e. older

than 70 Ma, pole of Pacific plate motion. Epp [1978] suggested either a one or two hot

spot model for the two seamount lineaments in the Musicians Seamounts. The two hot

spot model predicts an older age progression along the NW-SE lineament in the Late

Cretaceous followed by a N-S trending age progression coeval with the Emperor

Seamounts. The single hot spot model [W. J. Morgan, personal communication, 1978]

predicts a hot spot trail first trending SE and then changing direction around 70 Ma as

the Pacific rotation direction changed. Both these models could form the Musicians

Horst in the north and the east-west trending ridges in the south of the province

through interaction between the hot spot (or hot spots) and the nearby spreading ridge.
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Samples Studied
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Samples were collected in 35 successful dredges from 27 seamounts in the

Musicians Seamounts. Most were collected during two Hawaii Institute of Geophysics

(HIG) cruises in J980, KK80404J4 (Leg 2) and KK800715, whose purpose was to gather

geophysical data and samples to test various models for the origin of the Musicians

Seamounts. Mendelssohn and Schumann Seamounts were resampled in 1984 during an

HIG study assessing the Mn-crust resources of seamounts within the Hawaiian Exclusive

Economic Zone (EEZ), cruise KK84082402. Mussorgski, Rachmaninoff, and

Khatchaturian Seamounts were dredged during the Aries VII cruise of the Scripps

Institute of Oceanography in 1971; some of these samples were studied by Clague and

Dalrymple [1975]. Table 2.1 includes a list of dredge locations and depths for the

samples studied here; the Appendix contains a complete list of dredges.

4oAr/S9Ar dating techniques are used to determine the crystallization age of

seamount samples because of the technique's ability to "see through" limited amounts of

alteration products. Samples suitable for testing the two hot spot models were recovered

from 13 of the Musicians seamounts (Figure 2.2). Even the freshest of the collected

samples show some signs of alteration, and only one of the samples met the usual

selection criteria for conventional K-Ar dating of-whole rock samples [Dalrymple and

Lanphere, 1969; Mankinen and Dalrymple, 1972]. Table 2.1 includes a description the

samples studied here, and includes an assessment of their suitability for 4oAr/39Ar

dating. Wherever possible, we try to choose samples with separable potassium-bearing

phenocryst phases; ages for eight of the thirteen seamounts dated here were based on

feldspar 4oAr/ 39Ar analyses.

When examining a sample for whole rock K-Ar dating, the most critical

questions are (1) in what phases does the potassium reside, and (2) what is the alteration

state of those phases. Bulk chemical composition is also important. For example, the

K-Ar system of tholeiitic basalts can be disturbed even before alteration products are

visible, while, in alkalic basalts, the potassium is more firmly held and the K-Ar system

is less easily altered. Samples with basaltic glass are to be avoided, because such glass

does not necessarily retain radiogenic 40Ar and because devitrified glass can yield a false

age plateau significantly younger than the crystallization age of the sample [Fleck et al,

1977]. Samples with any visible carbonate are to be avoided because of the difficulty of
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cleaning up C02 on an argon extraction line. The following general criteria were used

to describe the whole rock samples (Table 2.1):
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Excellent: sample meets the usual selection criteria for conventional K-Ar dating of

whole rock samples -- no visible signs of alteration, holocrystalline groundmass,

potassium evenly distributed throughout the rock (rather than concentrated in

very fine-grained groundmass phases and/or phenocryst rims), etc.

Good: sample has only limited signs of alteration, principally confined to non

potassium-bearing phases such as olivine, less than 5% groundmass clay, and

less than 1% glass.

Fair: sample has 5 to 15% clay and other alteration products, including less than 5%

glass, in the groundmass.

Marginal: sample has up to 25% groundmass clay and glass, must originally have

been more potassic than typical tholeiitic basalts, and you must be desperate!

Whole rock samples more altered than those described by these criteria are poor

candidates for 4oAr/39Ar whole rock dating, and should not be analyzed.

Eruptive Environment

Whether or not the samples studied were erupted in a subaerial or subaqueous

environment is not necessarily clear from the dredging results. Campbell et al. [1980]

found the Musicians Seamounts to be distinctive in the total lack of shallow-water

sediments (presumably carbonates), despite the guyot-like shapes of some of the larger

edifices and the high vesicularity of many of the lavas. They concluded that no part of

the province was ever emergent. However, the apparent lack of shallow water reef caps

on these guyots is not peculiar to the Musicians alone. Many of the guyots of the Mid

Pacific Mountains had well-developed Mid-Cretaceous reefs that died during the Late

Cretaceous [Hamilton, 1956]. Apparently, the central Pacific did not provide a

supportive environment for reef growth during the Late Cretaceous. If established reefs

were dying, it is not unexpected that new reefs would not be established. Thus, the

absence of shallow water sediments should not be considered conclusive evidence that a

seamount was never at or near sea Staudigel and Schminke [1984] and Fisher and
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Schminke [1984] note that volcanic sequences produced under "shallow" subaqueous

conditions tend to be complex, commonly consisting of lava interfingering with in situ

breccias and varying amounts of resedimented, highly vesicular volcanic debris -

precisely the mix of lithologies recovered from the Musicians Seamounts.

53

The water depth into which a seamount lava was erupted can be calculated from

its present depth and an estimate of how much the seafloor upon which the seamount is

built has subsided since its time of formation. The present depth of the seafloor in the

general vicinity of the Musicians Seamounts is 5700-S900m. This is what would be

expected from standard cooling of normal Pacific lithosphere 80-100 Ma which has not

experienced younger volcanism and implies that the seafloor has subsided at least 2800m

since it was formed [Parsons and Slater, 1977; Schroeder, 1984; and Crough, 1983J.

Thus, a seamount erupted on zero age crust which is now at least 80 Ma has subsided at

least 2800m.

Menard and McNutt [1982] and Detrick and Crough [1978] discuss the effects of

thermal rejuvenation on the depth of the seafloor. Lithosphere aged less than 10-12

m.y. is rejuvenated to the original ridge crest depth; seamounts erupted within 12 m.y,

of crust formation follow the standard cooling curve (the 2800m subsidence for 80 Ma

crust discussed above). Older lithosphere is rejuvenated about one third of the amount

it has subsided since it was at a ridge crest; the depth of rejuvenated seafloor near a

seamount erupted on 20 m.y. old crust is about 3400m. Since the current depth of the

seafloor is at least 5700m, then a 80 Ma seamount erupted on 20 m.y. old crust has

subsided at least 2300m. Thus, all of the Musicians Seamounts have subsided at least

2300-2800m since they were formed.

All of the samples studied here were dredged from depths between 1800 and

3600m (Table 2.1). The maximum eruptive depth of the samples studied here may be

estimated from the minimum amount the seafloor has subsided (2300m) and the

maximum depth of dredging (3600m). Thus, all of the dredge samples studied here

were erupted in waters less than 1300m deep (3600m minus 2300m), and many could

have been erupted subaerially. With at least 5 seamounts rising within 2 km of sea level

and over 40 seamounts rising within 3 km (c.f', Figure 3 in Rea and Naugler, 1971), it is

almost certain that at least some of the Musicians Seamounts had subaerial summits.



Chapter 2. Musicians Geochronology 54

The potential for excess 40Ar in glassy submarine lavas erupted under sufficient

hydrostatic pressure to prevent complete degassing of magmatic argon presents a

potentially serious problem in attempting to date such rocks [Dalrymple and Moore,

1968; Noble and Naughton, 1968; Funkhauser et al., 1968; Dymond, 1970; Aumento,

1971]. However, Dalrymple and Moore [1968] and Noble and Naughton [1968] found

that samples dredged from water depths less than 1400m contained little or no excess

4oAr. Also, Dalrymple and Moore [1968] showed a significant decrease in the excess

40Ar inward from the pillow rim. Since (1) all of the samples studied here probably

were erupted in water depths less than J300m, (2) all whole rock samples were taken

from the interior of pillow fragments, and (3) whole rock samples with significant

amounts of glass were avoided, excess 40Ar should not be a problem for this study.

K-ArGEOCHRONOLOGY

The K-Ar Clock

The K-Ar clock has been widely used to date oceanic lavas, but several

fundamental assumptions of the technique may be violated by samples dredged from the

submarine environment. During normal submarine weathering, as low-temperature

alteration phases (clays, zeolites, phosphates, etc.) replace the original magmatic phases,

both K-addition and radiogenic 40Ar loss will lower the apparent K-Ar age. Clague et

al. [1975] and Dalrymple and Clague [1976] found that 4oAr/39Ar total-fusion ages of

altered Hawaiian basalts were a better estimate of the crystallization age than the

conventional K-Ar ages of these same rocks. They attributed this effect to the

proportional loss of radiogenic 40Ar and K-derived 39Ar from the low-temperature

phases which lower the conventional K-Ar age. Apparently, 39Ar derived from

potassium in alteration phases is lost during the irradiation and extraction process from

precisely the same sites which lost 40Ar during the alteration process. This approach

seems to work for the less visibly altered Hawaiian-Emperor seamount samples, but no

independent criteria are available to indicate when a sample is too altered for the total

fusion technique to yield an accurate age.

In the more general case, the different argon isotopes may be lost from a given

sample by different mechanisms. Radiogenic .f°Ar escapes when alteration products

replace the original crystallization phases over geological time, and from non-retentive
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glass and alteration products over geological time and during the extraction process

[Dalrymple and Lanphere, 1969; Baksi, 1974J. Baksi [1974J documents that the lighter

argon isotopes may be fractionated from the heavier ones if the extraction line bakeout

is incomplete.

The irradiation process itself can induce the loss of some of the reactor-derived

argon isotopes. K-derived 39Ar, because of the high energy of the 39K(n,p)39Ar

reaction (>2Mev) in the reactor, is subject to recoil loss during and subsequent to the

irradiation process, especially in fine-grained phases [Turner and Cadogan, 1974; Huneke

and Smith, 1976J. Yanase et at. [1975J, Dalrymple and Clague [1976J, Halliday [1978],

Seideman [1978J, Walker and MacDougall [1982J, and Foland et at. [1984J all documented

39Ar loss from fine-grained geological materials. Moreover, Walker and MacDougall

[1982J found that some alteration phases that do not retain 39Ar may still retain some

radiogenic 4oAr, causing anomalously old apparent ages. Ca-derived 37Ar, because of

the even higher recoil distance of the 41Ca(a)37Ar reaction in the reactor (3 times that of

39Ar), also is subject to recoil loss during and subsequent to the irradiation process [Hess

and Lippolt, 1986J.

The different argon isotopes may also be redistributed within a given sample.

4oAr/39Ar incremental-heating experiments of altered samples have shown that 4oAr,

39Ar and 37Ar are all subject to redistribution. Fleck et at. [l977J suggested that

progressive devitrification of glassy tholeiitic basalts leads to redistribution of radiogenic

40Ar from sites that release their argon at high temperatures to sites which release their

argon at low temperatures. Turner and Cadogan [1974] and Huneke and Smith [1976]

first described the recoil of K-derived 39Ar out of high-K, low-temperature steps into

low-K, high-temperature steps. Baksi [1990] documented that Ca-derived 37Ar recoil

out of high-Ca. high temperature steps produces too small a correction for Ca-derived

36Ar and results in calculated ages which are too young. The general effect of all three

redistribution mechanisms is to produce anomalously old ages for increments of gas

released at low temperatures and anomalously young ages for increments of gas released

at high temperatures. The resulting age spectrum of a sample so affected would have a

decreasing step-like pattern, a pattern observed almost ubiquitously for relatively fine

grained, altered whole rock samples.
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It is extremely difficult, if not impossible, to identify and separately evaluate all

of these effects. Rather, the approach of Lanphere and Dalrymple [1978] and Dalrymple

et al. [1980] is employed here. 4oAr/ 39Ar incremental-heating experiments are used to

test the degree to which K-Ar crystallization ages have been disturbed and to conclude

whether or not the sample is too disturbed or altered to yield reliable, independent

crystallization ages. The final conclusions of this study rely almost exclusively on the

4oAr/39Ar incremental-heating experiments. A substantial amount of conventional K-Ar

and 4oAr/ 39Ar total-fusion data will also be presented in an attempt to better understand

the limitations of those two techniques in deciphering the crystallization age of altered

submarine lavas.

Sample Preparation

For whole rock K-Ar analysis, slabs 1-2 em in thickness were taken from the

freshest part of a dredged sample with a water-cooled trim saw. For 4oAr/ 39Ar

measurements, small cores 6 mm in diameter weighing 0.5 to 0.8 g were taken from the

centers of these slabs. The remainder of the slabs was broken into small blocks less than

I em thick with a small hydraulic splitter and cleaned in an ultrasonic bath with distilled

water. Splits for conventional K-Ar argon measurements were either the 6mm cores or

one of the small blocks. The remainder of the small blocks was pulverized to a fine

powder for chemical analysis, including K20 by flame photometry [Ingamells, 1970J or

XRF [Appendix].

Plagioclase feldspar is often the only phase remaining in altered submarine lavas

still useful for K-Ar geochronology. While standard density, magnetic, and Hf'-etching

techniques can be used to produce relatively pure plagioclase separates [e.g, Dalrymple

and Lanphere, 1969J, further acid-cleaning with warm 3 to 6N HCI can be quite

important in dissolving altered plagioclase, carbonates, zeolites, and phosphates. A grain

size range of 125-250um, usually much smaller than the original phenocrysts, has proven

to be a good compromise between being fine enough to ensure that most of the

alteration was found on the surface of cleavage fragments (accessible to the cleaning

action of the acids), while being coarse enough to avoid sample handling problems and

the 39Ar and 37Ar recoil problems described above. This acid-cleaning also seems to rid

the plagioclase separate of material which is usually degassed in the low-temperature

cleaning steps of incremental-heating experiments (c.f., Figure 2.6).
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Analytical Techniques

57

Samples for 4oAr/39Ar analysis were sealed in air in quartz vials and irradiated in

the core of the U.S. Geological Survey TRIGA reactor (GSTR). Whole rock samples

were irradiated for 24-30 hours where they received a neutron dose of approximately 2.4

x 1018 to 3 X 1018 nvt. Plagioclase separates were irradiated for shorter periods, 12-24

hours, to minimize the effect of corrections from the Ca-derived argon isotopes.

However, the decrease in the precision of the measurements because of the smaller K

derived 39Ar quantities sometimes offsets the increase in analytical precision resulting

from the smaller Ca-derived corrections. The neutron flux monitor, J, was measured

with the intralaboratory standard biotites SB-2 and SB-3, which are from the same rock

and have ages of 161.4 Ma and 162.9 Ma, respectively. Some of the results reported

here differ slightly from those reported in Sager and Pringle [Chapter I; 1987] because

of a recalibration of the age of the monitor mineral (biotite SB-3), which resulted in an

age 0.9% older than previously used for SB-3. Further details of the GSTR flux

characteristics, sample encapsulation and geometry, and the corrections for interfering

K- and Ca-derived Ar isotopes are given in Dalrymple and Lanphere [1971] and

Dalrymple et at. [198I J.

Conventional K-Ar and 4oAr/39Ar argon extractions were done in a glass argon

extraction line following a 12 hour bakeout at 280°C using radio-frequency (RF)

induction heating and cleanup with CuO and Ti furnaces [Dalrymple and Lanphere,

1969J. Temperatures for incremental-heating experiments were estimated using an

optical pyrometer and RF power settings previously calibrated using the two

thermocouple crucible described in Lanphere and Dalrymple [197I]; these temperatures

are accurate to no better than SO°C. Feldspar total-fusion experiments and incremental

heating steps were held at temperature for 30 minutes each; whole rock total-fusion

experiments were held at temperature for 15-20 minutes.

Argon mass ratios for most of the conventional K-Ar and 4oAr/39Ar

measurements were measured with the computerized multiple-collector mass

spectrometer described by Stacey et al. [1981]. A few argon measurements were done in

analog mode on a single collector Nier-type mass spectrometer [Dalrymple and Lanphere,

1969].
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All errors are reported as one standard deviation. or at the 67% confidence level.

Errors reported for the calculated ages of individual age measurements are estimates of

the standard deviation of analytical precision. The conventional K-Ar errors were

derived by differentiation of the isotope dilution and relevant age equations [Cox and

Dalrymple, 1967J. The 40Ar/39Ar errors were derived by differentiation of the relevant

age equations, similar to the derivation in Dalrymple et at. [1981 J except that the

uncertainties in the mass discrimination, K- and Ca- correction factors, and the half-life

of 37Ar were also taken into account. The pooled standard deviation of over 70 flux

monitor pairs analyzed during the course of this study was 0.46%; all age errors reported

here include an estimate in the error in J of 0.5%.

Mean ages were calculated as weighted means, where each age is weighted by the

inverse of its variance. This weighting allows data with different analytical errors to be

combined without the poorer quality data having a disproportionate effect on the result.

The variance of a weighted age is calculated as 1/ ~(I/(h2). where 0 i2 is the estimated

variance of the individual increment age (Taylor, 1982).

Both age spectra and isochron ages were calculated form 4oAr/39Ar incremental

heating experiments. Plateau ages were calculated as weighted means. as described

above. Isochron ages are calculated for both the 4oAr/S6Ar versus s9Ar/39Ar and

36Ar/40Ar versus 39Ar/40Ar correlation diagrams using the York2 least-squares cubic fit

with correlated errors [York, 1969]. We have found [Dalrymple et aI., 1988J that the

difference between the two correlations is negligible when the error correlation

coefficients are determined using the method recommended by York [as quoted in Ozima

et al., I977J.

Interpretation of Incremental-heating Experiments

The real power in using 4oAr/39Ar incremental-heating experiments to decipher

the crystallization age of altered submarine rocks is that crystallization ages can be

differentiated from unreliable ages using a set of internal tests for each experiment. It

may not be possible to differentiate why a particular experiment is unreliable, i.e.

because of geologic error or experimental artifact or both. However, it is critical to use

these internal tests to determine whether the K-Ar system of a particular sample is too

disturbed to reveal a meaningful geologic age. The need for such a consistency check is
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becoming increasingly important as an increasing number of ages from altered rocks are

being reported.

The simple thermal history of volcanic rocks allows one to avoid many of the

pitfalls in the interpretation of 40Arj39Ar incremental-heating experiments encountered

when studying metamorphic rocks [for example, Harrison, 1983]. Here, the conservative

criteria of Lanphere and Dalrymple [1978] and Dalrymple et al. [1981] are modified so

that each of these criteria involves the use of a rigorous statistical test. We accept an age

as an accurate estimate of the crystallization age for that sample only if:

(I) A well-defined, high temperature age spectrum plateau is formed by three or

more concordant, contiguous steps representing at least 50% of the 39Ar

released, i.e. no age difference can be detected between any two plateau steps

at the 95% confidence level (the critical value test discussed below),

(2) A well-defined isochron exists for the plateau points, i.e. the F variate statistic

for the York2 fit, SUMSj(N-2), is sufficiently small at the 95% confidence

level (also discussed below),

(3) The plateau and isochron ages are concordant at the 95% confidence level. and

(4) The 40Arj36Ar intercept on the isochron diagram is not significantly different

from the atmospheric value of 295.5 at the 95% confidence level.

The Critical Value test used for criteria (I) and (3) simply states that no

difference between ages can be detected if the difference in the two ages is less than

I.960(d 12 + 022)1/2, where C12 and 6 22 are the standard deviations of the two ages

[Dalrymple and Lanphere. 1969]. For the test of a well-defined isochron in criterion

(2), most authors follow Brooks et al. [1972] and McIntyre et al. [1966], who suggest a

general cutoff value of 2.5 for the ratio between the scatter about the isochron and how

much of that scatter can be explained within the limits of analytical error alone. This

departs from standard statistical practice somewhat in not using some level of

significance to reject the model age, and does not take into account that different cutoff

values should be used for isochrons with different numbers of regressed data points.

The more rigorous F variate critical value test is preferred; Table 2.2 tabulates the

correct cutoff values for different numbers of data regressed. For example, the proper
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cutoff value at the 95% confidence level for isochrons with 3, 4, or 5 data is 3.84, 3.00

and 2.60, respectively. If this ratio is exceeded, then there is more scatter about the

isochron than can be explained by analytical error alone, i.e. some additional geologic or

experimental disturbance is significant. Further justification of an age derived from

such an isochron is necessary before that age can be accepted as having geological

meaning.

General Results

The best age estimates for the twelve seamounts studied here are presented in

Table 2.3. A summary of the age spectra and isochron analysis of the 19 incremental

heating and 4 plagioclase total-fusion experiments upon which these ages are based is

also presented in Table 2.3. The individual data for incremental-heating experiments are

presented in Table 2.4 and Figure 2.3; the data from the total-fusion experiments are

presented in Table 2.5 and Figure 2.4. The best age for each seamount is the weighted

mean of the isochron ages for each of the experiments which meets the criteria for a

concordant 40Arj39Ar age. The isochron ages are prefered over the plateau ages because

they (I) combine both an estimate of the degree of internal disturbance -- the scatter

about the isochron line -- and an estimate of analytical error in the final error estimate,

and (2) make no assumption about the composition of the initial non-radiogenic, or

trapped, argon component.

When this study was initiated, it was thought that reliable ages with errors on the

order of 0.5- 1.5% could be achieved through carefully selected feldspar conventional K

Ar and whole rock 40Arj39Ar total-fusion experiments, with some verification from

40Arj39Ar total-fusion experiments on the feldspar separates and incremental-heating

experiments on the whole rock samples. For example, from data consisting almost

exclusively of whole rock 4oArj39Ar total-fusion ages, Schlanger et al, [1984] and Watts

et al. [1987] were able to conclude that age progressive volcanism could explain at least

parts of the Line Islands and Louisville Ridge, respectively.

Conventional K-Ar and 40Arj39Ar total-fusion ages for 33 samples from the

Musicians Seamounts are presented in Table 2.5. Many of these ages are significantly

different from both the individual sample and seamount ages shown in Table 2.3. In the

following discussion, we explore how these conventional and 4oArj39Ar total-fusion ages
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differ from the best ages, and conclude that accurate ages cannot be determined from

(J) weighted averages of conventional K-Ar ages from plagioclase separates, (2)

4oAr/39Ar total-fusion ages of individual plagioclase separates, and (3) some groups of

whole rock 4oAr/39Ar total-fusion ages. Then the determination of each of the

individual seamount ages is discussed in detail.

Conventional and 4oAr/39Ar Total-Fusion ages
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As expected for altered samples, the K-Ar and 4oAr/39Ar apparent ages from the

same sample commonly do not agree (Table 2.5). The age discordance between both the

conventional K-Ar and 4oAr/39Ar total-fusion ages and the best age estimate for that

seamount are shown as a percentage of the best age estimate in Figure 2.5. The group

of whole rock samples plotted in the center had internally concordant incremental

heating plateau ages, those on the right were too disturbed to yield concordant ages

themselves. All of the feldspar separates shown in Figure 2.5 yielded concordant

incremental-heating ages.

As expected, alteration generally lowers conventional K-Ar whole rock ages.

What is surprising in Figure 2.5 here is that all of the conventional K-Ar ages, including

. the feldspar data, are younger than the best crystallization ages. Apparently, even

plagioclase separates without much visible signs of alteration may not give accurate

conventional K-Ar ages. However, conventional feldspar K-Ar ages are still better

minimum age estimates than conventional whole rock ages. For this study, conventional

feldspar ages ranged from 0-18% too young, while conventional whole rock ages ranged

from 5-38% too young.

Feldspar 4oAr/39Ar total-fusion ages are much more accurate. Most are within

analytical error of the concordant age spectra ages. However, some feldspar total-fusion

ages are up to 8% too young. These anomalously young apparent ages may be the result

of radiogenic 40Ar loss from sites which have retained some of their K-derived 39Ar,

from 37Ar recoil loss (which would underestimate the Ca-derived 36Ar and overestimate

the amount of atmospheric 36Ar and 40Ar), or from the presence of younger alteration

phases which were not completely separated from the original feldspar. There are no

independent criteria for evaluating the reliability of individual total-fusion feldspar ages,

but a set of total-fusion ages can be tested with the same criteria used for incremental-
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heating experiments. In the worst case, feldspar K-Ar ages may be considered reliable

minimum age estimates. For this study, the age discordance for individual feldspar

4oAr/39Ar total-fusion ages ranged from 0 - 8% too young.

Many of the plagioclase separates dated by the conventional K-Ar technique had

a higher atmospheric component than normally would be expected from fresh plagioclase

separates of this age (Table 2.5). About one third of the feldspar total-fusion

experiments were conducted as two-step incremental-heating experiments, with the first

step simply a low temperature «600°C) step to remove a significant fraction of this

atmospheric contaminant. As much as 80% of the trapped atmospheric component, but

less than 20% of the radiogenic 40Ar and K-derived 39Ar, is released during these low

temperature steps (Table 2.6, Figure 2.6). The difference between atmospheric argon

and the composition of these low temperature steps cannot be detected, the small loss of

radiogenic 40Ar and K-derived 39Ar does not effect the 4oAr/ 39Ar age of the fusion

step, and the precision of the age determined for the plagioclase is greatly improved.

Note that this cleaning step is more effective for those plagioclase separates which had

been treated with HF only; apparently, the warm Hel leaching step accomplishes some

of the same cleaning as the low temperature degassing step (Figure 2.6).

The age discordance for the whole rock total-fusion data is greater than for the

feldspar data. Most samples can be constrained to only ± 20-30%. Note that it is

possible for 4oAr/39Ar whole rock total-fusion ages to be significantly older than the

"true" crystallization age, here up to 32% too old (Figure 2.5, right hand side). This is

most likely because of K-derived 39Ar loss from alteration phases that have retained at

least some of their radiogenic 4oAr, as discussed above. Even whole rock samples

exhibiting concordant incremental-heating age spectra, i.e. those with relatively

undisturbed 4oAr/39Ar signatures, may have total-fusion ages up to 10% too old or too

young (Figure 2.5, center group). Thus, unlike the results from conventional K-Ar

analysis of altered samples, whole rock total-fusion ages may not be used as minimum

age estimates. For the samples examined in this study, the range in age discordance for

the whole rock total-fusion experiments, -10 to +32%, is actually greater than the range

observed for conventional whole rock experiments, -5 to -38%. This conclusion

emphasizes the fact that there are no independent criteria with which to evaluate the

reliability of individual 4oAr/39Ar whole rock total-fusion ages, and such ages should be

interpreted cautiously.
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Individual Seamount Ages
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NW Cluster. A previously uncharted seamount on the southeast flank of the cluster of

seamounts at 34°N, 167°W yielded several differentiated alkalic rocks suitable for

incremental-heating analysis. A potassic tracyhte, KK804 1-9, yielded a completely

undisturbed age spectrum (Figure 2.3 a.; Table 2.3), with 100% of the gas released.

Since the sample proved to be undisturbed, a second isochron analysis (Table 2.3)

included a separate total-fusion age in an attempt to improve the precision of the age

estimate. This yielded the best age estimate for this seamount, with an isochron age of

95.7 ± 0.7 Ma, a YORK2 SUMS/N-2 of 1.71, and a 4oAr/36Ar intercept of 296.2 ± 1.5.

The concordance of the whole gas analysis with each of the incremental-heating steps

lends further support to the validity of this age.

A second sample, KK804 1-10, did not yield a reliable age according to the criteria used

here. The age spectrum (Figure 2.3 a.) shows the series of decreasing ages attributed to

39Ar recoil. The middle temperature argon release of this experiment yielded a

discordant pseudo-plateau, with an isochron age of 97.0 ± 3.4 Ma and SUMS/N-2 value

of 4.48 (Table 2.3), indicating a significant source of non-analytical error (Table 2.2).

Including a total-fusion age analysis with the pseudo-plateau data improved the isochron

fit to an acceptable SUMS/N-2 of 2.24 and age of 97.0 ± 2.4 Ma. The concordance

between the isochron analysis with and without the total-fusion datum, and the fact that

the whole gas datum improves the scatter about the isochron significantly, suggests that

the 39Ar recoil was mainly an internal redistribution rather than loss out of this sample.

In any case, the age from this disturbed sample is consistent with the age determination

from the trachyte described above.

A third sample, hawaiite KK804 1-19, seemed suitable for 4oAr/39Ar dating according

to the general criteria described above. However, two conventional K-Ar whole rock

analyses, at least 50% younger than the fresher samples from this seamount (Table 2.5),

suggested that this sample had been significantly affected by alteration. The poor

reproducibility of the two analyses also suggested alteration effects, and the sample was

not examined further.

Hammerstein Seamount. Two samples of mugearite from Hammerstein Seamount both

yielded concordant incremental-heating experiments, despite evidence of significant 39Ar
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redistribution (Figure 2.3 b.). The microcrystalline trachytic groundmass of these

samples, partially altered to fine-grained clays, proved susceptible to significant s9Ar

loss. The total-fusion and recombined total-fusion ages of these samples are 6- 15% too

old (Figure 2.5). The low temperature steps of the age spectra are even older (Figure 2.3

b.), with apparent ages approximately twice the crystallization age. The low temperature

steps also had the highest K/Ca ratios, indicating the presence of high potassium clays

which released their argon at these temperatures. The incremental-heating experiment on

KK804 5-16 yielded two concordant steps with 66.0% of the 39Ar released. Dividing

the lower temperature argon release into more steps, sample KK804 5-27 gave four

concordant mid-temperature steps with 65.0% of the s9Ar released. The best age

estimate for Hammerstein Seamount is the weighted average of the isochron ages for

these two experiments, 94.0 ± 0.8 Ma (Table 2.3).

Mahler Seamount. Neither of the two samples from Mahler Seamount yielded

completely concordant results (Figure 2.3 c.; Table 2.3). The incremental-heating

experiment on sample KK804 7-1, a fine-grained mugearite with 10% clays in the

groundmass, revealed a disturbed age spectrum suggestive of 39Ar redistribution (Figure

2.3 c.), The three temperature steps from 600 to 800°C yielded a concordant age

spectrum and isochron analysis, however, they account for only 42.9% of the 39Ar

released. Like the two samples for the NW Cluster described above, the recombined age

from the incremental-heating experiment and the separate total-fusion age were

concordant with the plateau described above, implying s9Ar redistribution within the

sample rather than s9Ar loss out of the sample. Including the total-fusion age in the

isochron calculation resulted in an isochron age of 91.4 ± 0.7 Ma with a SUMS/N-2 of

1.95 and a 4oAr/SGAr intercept of 290.8 ± 5.2, almost identical to the results without the

whole gas datum (Table 2.3). This age is the best age estimate for this sample, but it

did not completely meet the criteria used for this study since less than 50% of the s9Ar

released was on the plateau.

Several different size fractions of plagioclase separated from a relatively altered,

vesicular plagioclase-phyric basalt, KK804 7- 17, yielded a different age estimate for

Mahler Seamount. An incremental-heating experiment on the coarser (125 to 250um)

size fraction revealed a concordant but relatively imprecise age of 84.0 ± 2.4 Ma (Table

2.3). The inverse correlation between apparent age and K/Ca ratio (Figure 2.3 c.)

suggests that at least some of the disturbance in the sample is the result of 39Ar and/or
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87Ar redistribution. A incremental-heating experiment on the finer (88 to 125um) size

fraction did not reveal a concordant age spectrum or isochron analysis. However, an

isochron analysis of the three 4oAr/39Ar total-fusion experiments on different splits of

the same plagioclase proved concordant, with an isochron age of 82.0 ± 1.4 Ma (Figure

2.4). As with the other plagioclase total-fusion analyses, the weighted mean of the

total-fusion ages is considered the best estimate of the crystallization age of this sample,

83.9 ± 0.9 Ma.

The two age estimates for samples from this seamount are different at the 95%

confidence level. One interpretation is that the best age estimate for the whole seamount

is the simple arithmetic mean of the two samples, 87.7 ± 5.3 Ma. Alternatively, the ages

may indicate inception of volcanism at 91.4 ± 0.7 Mat continuing at least until 83.9 ± 0.9

Ma. The latter explanation is preferred because it is more consistent with the

paleomagnetic modeling for Mahler Seamount (Chapter I; Sager and Pringle, 1987) and

the ages for other nearby seamounts (Figure 2.2). Also, the plagioclase separated from

KK804 7-17 is more altered than any of the other plagioclase separates studied and may

only represent a minimum age in spite of the 4oAr/89Ar analysis used here.

Rachmaninoff Seamount. Six 4oAr/89Ar total-fusion ages on four different plagioclase

separates provided the most well-constrained total-fusion isochron analysis in this study

(Table 2.3; Figure 2.4). The ages for A7-58D-25 and A7-58D-26 were published

previously by Clague and Dalrymple [1975], and are recalculated here using the decay

corrections and isotopic abundances recommended by Steiger and Jager [1977]. The age

from the finer-grained aliquot (nominally 74-100um) from sample A7-58D-25 was not

included in this analysis because a re-examination of the original data discovered a

computational mistake in the reported age, which should have been over 102 Ma. This

was significantly older than the age from the coarser aliquot (I00-250um) from this

sample, possibly because of greater 39Ar recoil from the finer-grained material, and this

age was removed from further consideration. The preferred age estimate from the other

five samples is the weighted total-fusion age, 86.4 ± 1.2 Ma. The isochron analysis

confirms the internal consistency of the age, with an isochron age of 84.5 ± 1.9 Ma,

4oAr/36Ar intercept of 301.5 ± 5.1, and SUMS/N-2 of 0.39.

Liszt Seamount. Three 4oAr/39Ar total-fusion ages on plagioclase separates from two

different samples yielded a weighted age of 84.4 ± 1.5 Ma (Table 2.3; Figure 2.4),
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which is the preferred age estimate for Liszt Seamount. The total-fusion isochron

analysis is concordant with this weighted age but much less precise, with an isochron age

of 79.8 ± 5.2, an 4oAr/86Ar intercept of 301.2 ± 6.3, and a SUMS/N-2 of 1.38.

Haydn Seamount. Four 4oAr/39Ar total-fusion ages on two plagioclase separates from

two different samples yielded a weighted mean age of 75.1 ± 1.2 Ma (Table 2.3; Figure

2.4), which is the preferred age estimate for Haydn Seamount. Two of these total

fusion ages are whole gas analyses, with an estimated analytical precision of 7.5 and

8.0%. The other two ages are the higher temperature gas samples from two different

two-step total-fusion analyses, with an estimated analytical precision of 1.9 and 3.0%,

respectively. The two-step total-fusion analyses clearly increased the precision of the

best age estimate for this seamount. Similar to Liszt Seamount, the total-fusion isochron

analysis is concordant with, but much less precise than, the weighted total-fusion age,

with an isochron age of 74.4 ± 2.6 Ma and 4oAr/36Ar intercept of 296.4 ± 3.1. However,

the SUMS/N-2 of 4.49 indicates more scatter about the isochron than could be explained

by experimental error alone, and some caution should be used in the interpretation of

this age.

Khatchaturian Seamount. Two incremental-heating experiments on plagioclase separates

from two samples of the same lithology both yielded concordant ages for Khatchaturian

Seamount (Figure 2.3 d.; Table 2.3). Sample A7-59D-31 revealed the more precise age

estimate, with an isochron age of 82.5 ± 9 Ma representing 69.7% of the 39Ar released.

Unfortunately, the 11000 step from the incremental-heating experiment on sample A7

59D-15 was lost during the extraction process, but the remaining steps yielded an

isochron age of 81.5 ± 5.0 Ma representing 59.4% of the 89Ar released. The best age

estimate for Khatchaturian Seamount is the weighted average of these two isochron ages,

82.2 ± 2.5 Ma.

Clague and Dalrymple [1975] reported a significantly younger conventional K-Ar age of

66.9 ± 2.6 Ma on the same plagioclase separate used here for A7-59D-IS, which

highlights the problem of dating even fresh-looking plagioclase separates with the

conventional K-Ar technique.

Brahms Seamount. Incremental-heating analysis of a potassium feldspar separate from a

highly altered trachyte, KK804 21-6, yielded a concordant age of 89.7 ± 0.6 Ma (Table
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2.3). K/Ca increased with temperature for this sample (Figure 2.3 e.), suggesting that

potassium feldspar is not the principal potassium-bearing phase in samples where K/Ca

tends to decrease with temperature.

A two-step total-fusion experiment on a plagioclase separate from the plagioclase-phyric

basalt KK804 22-1 yielded an age of 88.2 ± 1.8 for the high temperature step, with

43.0% radiogenic argon and 88.7% of the total K-derived sOAr released. The age of the

lower temperature step is not significantly different, 82.9 ± 5.0 Ma, and does have a

higher atmospheric component, with only 16.1% radiogenic "oAr. An attempt was made

to date a pyroxene separate from this same sample with another ..oAr/soAr two step

experiment, but the results from both the fusion and low temperature step could not be

distinguished from atmospheric argon (Table 2.5). These results from the plagioclase

separate confirm the incremental-heating age of the potassium feldspar from KK804 21

6, which is the preferred age for Brahms Seamount.

Schumann Seamount. The best age estimate for Schumann Seamount is from a single

incremental-heating experiment on a plagioclase separate from KK848 52-51A (Figure

2.3 e.; Table 2.3). The preferred age is the isochron age of 83.0 ± 1.0 Ma. This is the

only seamount age that is based on the results from a single sample. Some caution

should be exercised with the interpretation of this age until additional samples from this

seamount can be analyzed.

East Mendelssohn Seamount. Sample KK807 37-2, a fine-grained, holocrystalline

mugearite, was the only sample recovered from East Mendelssohn Seamount that was a

suitable candidate for 4oAr/soAr analysis. The incremental-heating experiment on the

whole rock core showed strong evidence of SOAr redistribution (i.e. decreasing apparent

ages with increasing temperature, Figure 2.3 f.), but the age spectrum and isochron

analysis were basically concordant: with 56.0% of the SOAr released, a ..oAr/S6Ar

intercept of 287.8 ± 3.0, a SUMS/N-2 of 0.52, and an isochron age of 76.6 ± 0.6 Ma

(Table 2.3). Only the slight but significant difference between the ..oAr/S6Ar intercept

and the air ratio of 295.5 violates the reliability criteria used for this study.

In an attempt to minimize the effects of SOAr recoil and redistribution, two different

acid treatments were tried on this sample. First, a mild 2.5N Hel treatment was tried on

a 250-500um size fraction. The incremental-heating analysis revealed an age
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distribution very similar to the core sample: with 55.7% of the 39Ar released, a

4oAr/36Ar intercept of 285.3 ± 4.2, a SUMS/N-2 of 1.22, and an isochron age of 79.7 ±

0.9 Ma (Figure 2.3 f.; Table 2.3). Second, the HF treatment used routinely for

plagioclase separates was tried on a 150-250um size fraction. The incremental-heating

experiment on this aliquot also yielded a very similar age distribution: with 53.7% of

the 89Ar released, a 4oAr/36Ar intercept of 303.9 ± 20.8, a SUMS/N-2 of 0.50, and an

isochron age of 78.5 ± 0.9 Ma (Figure 2.3 f.; Table 2.3). Because only this last sample

resulted in a 4oAr/36Ar intercept indistinguishable from the atmospheric ratio of 295.5 at

the 95% confidence level. and because the predicted age is between the isochron ages of

the other two splits, the isochron age of 78.5 ± 0.9 Ma from the HF treated split is

preferred as the best age estimate for East Mendelssohn. Using a weighted average of

all three experiments would not result in a significantly different age determination nor

alter the conclusions of this study.

West Mendelssohn Seamount. Incremental-heating experiments revealed concordant ages

on both a whole rock core and a plagioclase separate from KK807 38-1 (Figure 2.3 g.;

Table 2.3). The plagioclase separate yielded isochron age of 82.0 ± 1.4 Ma. The whole

rock analysis was less precise, with an isochron age of 84.0 ± 2.9. The best age estimate

for West Mendelssohn Seamount is the weighted mean of the two isochron ages, 82.4 ±

1.3 Ma.

The incremental-heating experiment on ferrobasaIt KK807, 38-2 (Figure 2.3 g., Table

2.3) shows strong evidence of 89Ar loss and redistribution, gives a recombined age 32%

higher than the concordant experiments described above. and has no age plateau. It

provides no useful information on the age of the seamount.

Central Bach Ridge. The incremental-heating experiment on an aphyric tholeiitic basalt

from central Bach Ridge was concordant, with an isochron age of 74.4 ± 3.3 Ma (Figure

2.3 h.; Table 2.3). Since both the recombined total-fusion age of 74.8 ± 2.4 Ma (Table

2.4) and the whole gas total-fusion age of 74.5 ± 1.7 Ma (Table 2.5) are concordant with

this age, the age spectrum suggests an internal redistribution of 89Ar rather than a loss

or gain of 40Ar or 39Ar in or out of the sample. Like the samples from the NW Cluster,

the precision of the age estimate can be improved by including the whole gas total

fusion analysis (Table 2.5) with the incremental-heating data into one isochron analysis

(Table 2.3). This results in the best age estimate for the central Bach Ridge, 74.6 ± 1.7



Chapter 2. Musicians Geochronology 69

Ma. A concordant incremental-heating experiment on a plagioclase separated from a

different lithology agreed with the age estimate from the aphyric tholeiite, but was so

imprecise (73.1 ± 8.1 Ma) that it has no effect on the best age estimate for Bach Ridge.

DISCUSSION

Test 0/ the Kinematic Hot Spot Hypothesis

Six seamounts along the NW-SE chain show a good age progression from 95.7

Ma for the seamount cluster in the NW to 82.5 Ma for Khatchaturian Seamount in the

SE (Figure 2.2, Figure 2.7). The kinematic hot spot mechanism of formation can be

accepted for this seamount chain. The older of the two ages for Mahler Seamount is

part of this trend, i.e. inception of volcanism on Mahler Seamount defines part of the

hot spot trace. The 75 Ma age for Haydn Seamount is also consistent with this age

progression. However, the trace of this lineament is not clear after it passes south of the

Murray fracture zone. Also, a change in Pacific plate spreading direction around 80 Ma

[Chapter 1; Sager and Pringle, 1987] may indicate rotation about a different stage pole

for the Pacific plate between about 70 and 80 Ma. This 70-80 Ma pole could be distinct

from both older motion described by the Musicians NW-SE chain and younger motion

described by the Emperor Seamount chain. Therefore, Haydn is not included in the

following discussion of volcanic progression rates, which includes only seamounts older

than 80 Ma.

It is also clear that no age progressive, hot spot origin is possible for the N-S

seamount lineament. Brahms Seamount in the north is approximately the same age as

the seamounts along the same latitude on the NW-SE lineament, and clearly cannot be

part of a younger hot spot trace. Mendelssohn Seamount in the south is clearly older

than any extension of the NW-SE trend, and also cannot be part of a younger hot spot

trace. There is no evidence for volcanism in the Musicians Seamounts after 70 Ma,

therefore, none of the volcanism which formed the Musicians Seamounts was coeval with

volcanism along the Emperor Seamounts chain.

On the age versus distance plot of the six seamounts along the NW-SE seamount

chain (Figure 2.7), the remarkably good linearity of the age progression is apparent.

The calculated progression rate for the NW-SE seamount chain is 52.9 ± 5.8 km/rn.y. or

0.503 ± 0.055°/m.y. around a pole at 36°N, 76°W.
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Test of the Fixed Hot Spot Hypothesis

70

A plot of paleolatitude of formation, determined by modeling of ship-based

magnetic anomalies [Chapter I; Sager and Pringle, 1987], versus distance along the hot

spot trace (Figure 2.8) indicates that all of these seamounts formed at the same latitude,

several degrees north of the equator. This is consistent with the fixed hot spot

hypothesis for the NW-SE chain. However, for relatively short seamount lineaments

where the total length of the age progression (here approximately 8°) approaches the

resolution of the technique (approximately ± 5° at the 95% confidence level), the

paleolatitude data is not very useful in testing the fixed hot spot hypothesis.

The best test of the fixed hot spot hypothesis is to show identical angular rates

of volcanic propagation for copolar seamount chains. Seamount lineaments formed by

plate motion over a stationary melting anomaly should trace small circles about the

rotation pole between that plate and the hot spot reference frame. In deriving 36°N,

76°W as the rotation pole for the Late Cretaceous Pacific plate, Epp [1978] used the

three NW-SE trending seamount lineaments north of the Hawaiian Ridge (the Musicians

lineament studied here, the North Gardner or Liliuokalani Ridge, and the Wentworth

Seamount Chain). He then noted that this pole was also a best fit to the trend of the

northern Line Islands.

Of these other copolar seamount chains, age data is available only for the Line

Islands and Wentworth Seamount Chain. An age progression along four sites of

volcanism on the Wentworth Seamount chain, including two well-dated seamounts, is

consistent with the Musicians results [Chapter 3]. However, the data set is too limited to

be included in a pooled estimate of Pacific plate velocity.

Schlanger et aI. [1984] described a general age progression of 96 ± 4 km/m.y.

from 90 to 45 Ma for the Line Islands, but did not differentiate any change in direction

in the Pacific/hot spot rotation during that period. Figure 2.7 includes the ages of the

six northern Line Islands seamounts which define the Line Islands age progression before

80 Ma (although Figure 2.7 plots the distance in linear rather than angular distance, the

Musicians trend is about 71.2° from the rotation pole and the Line Islands trace is about

82.3° away, so only a 5% correction between the linear and angular progression rate is

necessary and a visual comparison of the two linear rates suffices here). Only the Line
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Islands seamounts older than 80 Ma are shown to facilitate a direct comparison between

the two provinces and to avoid including any younger seamounts which might trace a

different pole of Pacific plate rotation. These six seamounts describe an age progression

of 65.2 ± 24.J km/m.y. or 0.592 ± 0.219 o/m.y. This is rate is consistent with the

Musicians results, but it is clear that the Line Islands age progression is not as well

defined (Figure 2.7). The imprecision in the Line Islands age progression may be due to

the fact that the age data are derived from total-fusion experiments of whole rock

samples. We now know that 4oAr/39Ar whole rock total-fusion data can be off by more

than :t20% (Figure 2.5). A more conclusive test awaits higher quality age data from the

northern Line Islands.

Assuming that both the Musicians and Line Islands age progressions represent

fixed hot spot tracks, a combined estimate for the rotation rate between the Pacific plate

and the hot spot frame of reference can be calculated. The best estimate of Pacific/hot

spot motion for 82 to 96 Ma, 0.508 ± 0.053 °/m.y., is calculated by weighting the two

rates by the inverse of the variance (Taylor, 1982) and is dominated by the Musicians

results. A more unbiased estimate awaits higher Quality data from the Line Islands and

further confirmation of age progressions along other Pacific plate seamount lineaments

of similar age and orientation. The Line Islands also may offer the only sample set

which can be used to determine the Pacific rotation rate and pole for the period between

82 and 70 Ma.

Age Progressive Volcanism in a Near-Ridge Environment

Of the lineaments shown in Figure 2.J, only the Hawaiian-Emperor ridge has

had long-lived, stable volcanism over the 70 m.y. represented by its track on the Pacific

plate. The Line Islands and Louisville Ridge. represent volcanism over 40-60 m.y., but

the extension of that volcanism is either difficult to follow (Line Islands) or seems to

dissipate (Louisville Ridge). All of the other age progressions shown in Figure 2.1 are

less than 20 Ma, and thus, obviously, less than 20 m.y, long. In fact, the median length

of the known age progressive seamount and island lineaments in the Pacific Basin is

something on the order of 15 m.y, This does not diminish the use of these shorter hot

spot tracks in calculating the current Pacific/hot spot rotation rate (e.g., Duncan and

Clague, 1985). It is suggested here that similarly "short" hot spot traces can be just as
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important in determining older Pacific/hot spot rotation rates, especially if precise,

reliable ages are available.

72

Not all age progressive, hot spot volcanism need be the result of long-lived,

mantle plumes ascending from deep within the mantle. In order to use an age

progressive seamount lineament to model plate/hot spot rotation, all that is required is

that the source of the melting anomaly (I) be deeper than the asthenosphere and (2)

remained relatively fixed with respect to the hot spot reference frame (read, lower

mantle?) over the life span of the hot spot trace. For example, an intermediate sized

plume or blob, say the size of a cylinder 50 km in diameter and 670 km high,

undergoing 5% partial melting, could generate 15 seamounts 50 km in diameter and 3

km high. Even for the Iceland-Faroes hot spot trace, a region which most would

describe as a long-lived, deep mantle plume, Schilling and Nygaard [1974] suggested that

the upwelling of the plume material is cyclic on a timescale of 10-20 m.y., and in the

form of "blobs" rather than a continuous column. Sun [1985] noted that the plume and

plum- pudding type geochemical models of the mantle need not be mutually exclusive,

which would then satisfy the geochemical data observed for many isolated seamounts

with no obvious connection to long-lived hot spot traces but still allow for long-lived

hot spots such as Hawaii. All that is really required for both the plume and plum-type

hot spot models is that their source region must be deeper than the immediate source

region for MORB. Thus seamount lineaments resulting from both intermediate size

"plums" lasting only 10-20 m.y, and long-lived, deep mantle plumes lasting at least 70

m.y. can be useful in determining plate/hot spot rotation rates.

In the Introduction, it was noted that many of the Musicians seamounts formed

near the ridge crest and that all apparently formed on sea floor less than 15-20 m.y. old.

We have concluded [Appendix; Pringle et al., 1990] that the trace element and isotopic

geochemistry of the Musicians Seamounts, including those seamounts that are part of the

age progressive NW-SE lineament, is more similar to the geochemistry of near-ridge

alkalic seamounts than to the geochemistry of what are normally considered intraplate or

hot spot islands and seamounts. This is still consistent with a kinematic hot spot origin

of the age progressive seamounts of the NW-SE lineament, and may be consistent with a

fixed hot spot origin.
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Consider that the source of the seamounts in the NW-SE lineament was a "plum"

intermediate in size. Perhaps only slightly more fertile than the source for the ridge

crest formed to the east, melting may have proceeded by a mechanism similar to those

described by Sleep [1984] or Zindler et al. [1984]. Whether or not the "plum" was fixed

with respect to the hot spot reference frame, or migrated more than a few km/m.y, with

the convection under the ridge crest, can be tested only by the geophysical and

geometric tests described above. For at least 16 m.y., the hot spot produced IS or so

seamounts in an age progressive trend. The melting anomaly probably contributed to the

seamount and ridge volcanism between it and the spreading-center ridge crest to the

east. Note that the 90 Ma age for Brahms Seamount is the same as that predicted for

seamounts formed due west on the hot spot track (Figure 2.2). The hot spot track is lost

either in the volcanism of the ridges in the south-eastern quarter of the province or was

carried off on the Farallon plate.

A modern day analog for the Late Cretaceous Musicians hot spot trace is the

Cobb-Eickelberg seamount chain, which ends at the Juan de Fuca hot spot near the

current mid-ocean ridge. Eaby and Clague [1984] and Desonie and Duncan [1990] found

little geochemical distinction between lavas from these seamounts and those from typical

mid-ocean ridge basalt found nearby. However, Desonie and Duncan [1990] did find a

linear age progression, less than" 10 m.y, long, along this chain which accurately reflects

the current Pacific/hot spot motion. This example emphasizes that relatively short hot

spot tracks, although they may not fit the geochemical model of an ocean island basalt

(OIB) plume, can represent examples of both kinematic and fixed hot spot models.

Considering the success in using similarly-sized hot spot traces to model current

plate/hot spot rotation in the Pacific, it seems reasonable to assume that the Musicians

hot spot was relatively fixed.

Comparisons with the Pacific Apparent Polar Wander Path

The Pacific apparent polar wander path (APWP, Figure 2.9), which reflects

Pacific plate/spin axis motion, diverges significantly from the motion predicted by

Pacific plate/hot spot motion, especially for ages older than 40 Ma (Figure 2.9; Sager

and Pringle, 1988; Gordon, 1983). Sager and Pringle [1988] concluded that rapid east

west polar wander, i.e., rapid Pacific/spin axis motion, occurred at a rate of 5.1 ± 2.5

o/rn.y. between 82 and 85 Ma. Their conclusion seems contrary to a major conclusion of
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this study, namely that Pacific/hot spot motion occurred at a rate of 0.51 ± 0.05 °/m.y.

in a NW- SE direction during the same time. At the very least, this discrepancy

between Pacific/spin axis and Pacific/hot spot motion suggests that any test of the fixed

hot spot hypothesis based on paleomagnetic data, such as the paleolatitude test described

above, probably can not be justified for this time period.

Sager and Pringle [1988] concluded that most of the divergence of the Pacific hot

spot and paleomagnetic polar wander paths between 39 and 65 Ma can be explained by

true polar wander (TPW). They note that most of the studies of TPW suggest that the

spin axis has moved about 8°-10° towards the Pacific since the Late Cretaceous [Morgan,

1981; Jurdy, 1981, Gordon and Cape, 1981]. Sager and Bleil [1987] concluded that most

of the divergence occurred between 40 and 75 Ma. However, the east-west segment of

the Pacific APWP has not been as easy to explain. Gordon [1983] preferred TPW to

explain the discrepancy, while Jarrard and Sasajima [1980] proposed that the east-west

trend of the Pacific APWP was the result of an east-west rotation of the Pacific plate

between 82 and 85 Ma.

If the Jarrard and Sasajima [1980] hypothesis is correct, then the current

Pacific/hot spot models which predict NW-SE motion are in error. The kinematic hot

spot hypothesis for the origin of the age progression along the NW-SE seamount

lineament would still be valid. However, the location of the melting anomaly could no

longer be fixed in the hot spot reference frame, and the volcanic propagation rate could

no longer be used to constrain Late Cretaceous Pacific motion. The Late Cretaceous

36°N, 76°W Pacific/hot spot rotation pole determined by Epp [1978] would then be based

solely on geometric arguments; Late Cretaceous Pacific hot spot models based on such a

pole (for example, Henderson, 1985; Duncan and Hargraves, 1984; Duncan and Clague,

1985) would be similarly unwarranted.

However, if TPW is the primary cause of the rapid east-west shift in the Pacific

APWP, then the hot spot APWP_would be the correct path to use in describing Pacific

plate motion. The 36°N, 76°W rotation pole derived by Epp [1978] is the best

description of Pacific/hot spot rotation, and the age progression found for the NW-SE

seamount lineament in the Musicians Seamounts provides most of the constraint on the

rate of that rotation. Further work confirming these hypotheses can only aid in trying
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to understand why such rapid rates and changes in direction in the Pacific APWP

occurred at the very end of the Cretaceous Normal Polarity Superchron.

CONCLUSIONS

75

Thirteen ages for 12 seamounts in the Musicians Seamounts are reported in Table

2.3. These ages are based on information gained from 27 conventional K-Ar ages, 33

4oAr/39Ar total-fusion ages, and 19 4oAr/39Ar incremental-heating experiments. These

data highlight the difficulty in obtaining high quality age data that accurately estimate

the crystallization age of even relatively fresh whole rock splits and mineral separates

from samples that have been altered in the submarine environment since Cretaceous

time. Conventional K-Ar ages of apparently fresh looking feldspar separates, 4oAr/39Ar

total-fusion ages of single feldspar separates, and even some groups of 4oAr/39Ar whole

rock total-fusion ages all proved unable to provide the high quality age estimates

necessary to decipher the history of the Late Cretaceous seamounts examined here. Nine

of the 13 ages reported here are based on concordant incremental-heating experiments,

whereas the other four ages are averages of at least three 4oAr/S9Ar total-fusion ages

from plagioclase separates.

The dates determined for the seamounts studied here describe volcanism

occurring in the Musicians Seamounts for over 20 Ma, from 96 Ma in the northwest

corner of the province to 75 Ma on the east-west trending ridges in the southeast

quadrant of the province. Any model of the formation of the Musicians Seamounts must

explain this distribution and duration of volcanism. Age data are not available for

seamounts from the Musicians Horst in the northern part of the province, nor for

isolated seamounts found in the eastern half of the province.

Two seamount lineaments were tested for age progression consistent with a hot

spot mechanism of formation. A well-defined age progression was found for the NW

SE seamount lineament, from 96 Ma just southeast of the cluster of seamounts in the

NW corner of the province, to 82 Ma for Khatchaturian Seamount in the center of the

province. The rate of volcanic propagation was determined to be 52.0 ± 5.8 km/m.y., or

0.503 ± 0.055 °/m.y. about a rotation pole at 36°N, 76°W. The extension of this age

progression is not clear south of the Murray fracture zone. No age progression along a
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N-S trending lineament of seamounts could be found. There is no evidence for

volcanism in the Musicians Seamounts coeval with the Emperor Seamounts.
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Two tests, paleolatitude of formation and equivalent rates of volcanic propagation

along copolar and coeval seamount chains, proved consistent with, but inconclusive proof

of, a fixed hot spot mechanism of formation for the NW-SE trending age progression.

The age data from Schlanger et al. [1984], for seamounts in the northern Line Islands

older than 80 Ma are consistent with an age progression of 65.2 ± 24.1 km/m.y, or 0.592

± 0.219 o/m.y. Assuming that both chains represent the traces of relatively fixed hot

spots, combining the Musicians and Line Islands age progressions yields an estimate of

0.508 ± 0.053 °/m.y., which is the present best estimate of Pacific/hot spot motion for 82

to 96 Ma.

A discrepancy exists in the motion of the Pacific plate as described by the

Pacific/hot spot and Pacific/spin axis reference frames, especially for the period 82-85

Ma. If the east-west portion of the Pacific APWP proves to be the result of an east

west tectonic rotation of the Pacific plate, then the current hot spot models describing

the Late Cretaceous motion of the Pacific plate are in error. If the current hot spot

models are correct, then the Pacific APWP may describe a unique period of rapid true

polar wander at the end of the Cretaceous normal polarity superchron, To adequately

test the current hot spot models as best described by the age progression along the NW

SE trend in the Musicians Seamounts, either higher quality age data must be obtained

for the northern Line Islands or well-defined age progressions must be found for coeval

seamount lineaments elsewhere in the Pacific. The catalog of long-lived, fixed hot spots

still cannot be definitively extended into the Late Cretaceous Pacific.



Table 2.1. Dredge locations and Descriptions of Samples from the Musicians Seamounts Suitable for 40Ar/39Ar Dating.

Dredge Location

o
e
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Long. Depth
(W) (m)

1-19 vesicular (5-10%), plagioclase and sparsely clinopyroxene-phyric hawaiite
with a feldspar-rich grounanass including 10-15" pale brown glass and clay.
Fair to marginal whole-rock IH candidate.

Dredge Feature
No.

Cruise: KK80041402

Uncharted Srnt

Lat.
(H)

33029' 166032' 3220-3800

Sample
Humber

1-9

1-10

Description (including suitability for dating)

microvesicular (2-3%), feldspar and sparsely aegerine-augite-phyric
trachyte; fresh, essentially holocrystalline, fine-grained groundmass with
no vesicle filling or other signs of alteration. Excellent whole-rock IH
candidate.

microvesicular (1-2%), sparsely plagioclase-phyric mugearite with a fine
grained, trachytic groundnass containing 15-25% clay and glass. Fair to
marginal whole-rock IH candidate.
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5 Hammerstein Srnt 32028' 165048' 3150-2900 5-16 massive, banded, sparsely plagioclase-microphyric mugearite; alteration
confined to streaks and bands in a very fine-grained, nearly holocyrstall ine
trachytic groundmass with abundant highly oxidized olivine and rare micro
phenocrysts of orthopyroxene. Fair whole-rock IH candidate.

5-27 same lithology as 5-16.

7 Mahler Srnt 31038' 165°06' 2740-2700 7-1 vesicular (2-3%), aphyrlc hawaiite with a feldspar-rich groundmass containing
20% yellow clay after glass. Marginal whole-rock IH candidate.

7-17 vesicular (5-10%), altered porphyritic basalt with 20% plagioclase
phenocrysts in a nearly holocrystallne matrix of plagioclase and 25% pale
yellow clay after pyroxene. For plagioclase separate only.

21 Brahms Smt

22 Brahms Smt

31007' 162°22'

31013' 162020'

2270-2530

2160-3660

21-6

22-1

highly altered, trachytlc(?) scoria with sparse but relatively fresh
plagioclase and potassium feldspar phenocrysts. For K-spar separate only.

massive, plagioclase and 01 iVine-phyric basalt; olivine phenocrysts, most
groundmass pyroxene and even some plagioclase c~letely replaced by pale to
yellow clay_ For plagioclase and pyroxene separate only.
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Table 2.1 (continued). Dredge locations and Descriptions of Samples from the Musicians Seamounts Suitable for 40Ar/39Ar Dating.

Dredge location

lat. long. Depth
(N) (w) (m)

Dredge Feature
No.

23 liszt Smt 28058' 162°01' 2820-3270

SlIIl1Jle
Nutber

23-8

Description (including suitabil i ty for dating)

somewhat vesicular (1-ZX), plagioclase-phyric, al tered ferrobasal t; ground
mass 20X relatively fresh skeletal plagioclase and 40X yellow to brown clay
after glass and mafics. For plagioclase separate only.
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23-10

Cruise: KK80071500

27 Bach Ridge 26035' 158°50' 3430-3530 27-2

27-3

27-7

33 Haydn Smt 26038' 161°12' 2000-3000 33-6

33-7

37 E Mendelssohn Smt 25°11' 161°36' 1800-2600 37-2

38 WMendelssohn Smt 25008' 161°57' 2700-3600 38-1

same li thology as 23-10.

massive, plagioclase and cl inopyroxene-microphyric basalti grO\rdnass of
plagioclase and cl inopyroxne contains 5X yellow clays and 10X clouded brown
glass. Marginal whole-rock IH candidate (tholei i tic composit ion) ,

somewhat vesicular (2-3X), plagioclase and sparsely cl inopyroxene-phyric
basalt with a nearly holocrystalline grounctnass containing plagioclase,
clinopyroxne, and 10-15X pale yellow clays. For plagioclase separate only.

same lithology as 27-3.

vesicular (2-5X), plagioclase-phyric altered basalt with 25X plagioclase
phenocrysts in a matrix of plagioclase and yellow to brown clay with no
groundmass mafics left. For plagioclase separate only.

same lithology as 33-6.

microvesicular (5-10X), plagioclase-microphyric rwgearitei microvesicles
filled with streaks of calcite! zeolite, otherwise trachytic groundnass
nearly unaltered with sparse patches of clay. Good whole-rock IH candidate.

massive, plagioclase-phyric basalt with 10X plagioclase and rare cl ino
pyroxene phenocrysts in a grounctnass containing plagioclase, cl inopyroxene,
2X brown glass, and 5-20X clear to yellow clay. Pagioclase separatei fai r
whole-rock IH candidate.
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38-2 massive, sparsely plagioclase-phyric 01ivlne ferrobasal t with 10% brown clay
replacing holocrystall ine groundnass and ol ivine oxidized to throughly
replaced by iddingsite. Fair whole-rock IN candidate.
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Table 2.1 (continued). Dredge Locations and Descriptions of Samples from the Musicians Seamounts Suitable for 40Ar/39Ar Dating.

Dredge Location

Dredge Feature Lat. Long. Depth Sample
No. (N) (IJ) (m) N~r

Cruise: KK84082402
52 IJ. Sc:hl.m!lm Smt 25°57' 159°54' 2700-3000 52-51A

Cruise: ARIES7
58 Rachmaninoff Smt 29033' 163°22' 1560-2500 58-0

58-25

58-26

58-33*

59 Khatchaturian Smt 28°08' 162°17' 2270-2850 59-15

Description (including suitability for dating)

somewhat vesicular (1-2X), porphyritic basalt with 25X plagioclase and rare
et inopyroxene phenocrysts in an intersertal matrix including 20X yellow clay
after glass and pyroxene. For plagioclase separate only.

vesicular (ca. 10X), plagioclase and sparselypyroxene-phyric altered basalt;
carbonate, zeolite, and phosphate filling some of the vesicles; groundmass
includes 30X clay_ For plagioclase separate only.

sparsely vesicular (ca. 1X), plagioclase-phyric altered basalt; groundmass
contains 15X clays after glass; plagioclase phenocrysts are partially
resorbed and strongly zoned. For plagioclase separate only.

same lithology as 58-25.

same lithology as 58-25.

vesicular (5-10X), plagioclase and pyroxene-phyric, altered basalt; ground
mass contains 15X clay after glass. For plagioclase separate only.
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59-31 same lithology as 59-15.

* includes sllq)le originally labeled 58-34 but later fotnl to be a matching half to 58-33
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Chapter 2. Musicians Geochronology

Table 2.2.

F Variate Critical Values
for Detecting Excess Scatter in Regression Analysis

NlIIlber Degrees F Variate Critical Value (a)
of Data of

Regressed Freedom 95'; C.L. 99% C.L. 99.5'; C.L.

3 1 3.84 6.63 7.88
4 2 3.00 4.61 5.30
5 3 2.60 3.78 4.28

6 4 2.37 3.32 3.72
7 5 2.21 3.02 3.35
8 6 2.10 2.80 3.09

9 7 2.01 2.64 2.90
10 8 1.94 2.51 2.74
11 9 1.88 2.41 2.62

12 10 1.83 2.32 2.52
14 12 1.75 2.18 2.36
17 15 1.67 2.04 2.19

22 20 1.57 1.88 2.00
26 24 1.52 1.79 1.90
32 30 1.•46 1.70 1.79

42 40 1.39 1.59 1.67
62 60 1.32 1.47 1.53

122 120 1.22 1.32 1.36

.- infinite •• 1.00 1.00 1.00

(a) F variate statistic with N·2 degrees of freedom in the demominator an infinite degree
of freedom in the numerator. This is the proper number of degrees of freedom in the
numerator for techniques where analyti,al errors are an estimate of the PoPUlation, rather
than sample, variance. For techniques which base their estimates of analytical precision
on a finite number of duplicate analyses, a slightly higher F statisitic should be used
(for example, see Brooks, et al. 1972). For nllllbers of data regressed not tabulated, the
reciprocals of the degrees of freedom should be used for linear interpolation. For
example, to determine the F variate statistic for a regression with 20 data points (18
degrees of freedom) at the 95% confidence level:

F = 1.57 + 1/18 • 1/20 * (1.67 - 1.57) = 1.60
1/15 - 1/20
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Table 2.3. Age Spectra and Isochron Analysis of 40Ar/39Ar Experiments on Samples from the Musicians Seamounts.

Best age for each seamount, as discussed in text, indicated in brackets

AGE SPECTRA ISOCHRON ANALYSIS
SAMPLE MATERIAL RECOMBINED .-------------------.--------------- -.-------.----------------------------

TF AGE INCREMENTS 39Ar WEIGHTED AGE 40Ar/36Ar ~
(Ma) USED (OC) (X) AGE (Ma) (Ma) INTERCEPT N-2

KHATCHATURIAN SEAMOUNT [82.5 !. 2.5 Ha)

A7·59D-15 Plagioclase 74.2 :t 7.0 800 • FUSE 59.4 80.4 :!: 1.3 81.5 :!: 5.0 294.5 :!: 4.5 0.17
A7-59D-31 Plagioclase 78.1 ::!: 3.5 680 - 900 69.7 82.1::!:1.1 82.5 ::!: 2.9 294.4 ::!: 7.1 0.94

Nil CLUSTER [95.7 ::!: 0.7 Ma)

KK804 1-9 Trachyte 96.1 :!: 0.7 500 • FUSE 100. 96.0 :!: 0.4 95.7 :!: 0.9 296.1 ::!: 2.0 1.95
with TF ...-_ ... 95.9:!: 0.4 95.7:!: 0.7 296.2:!: 1.5 1.71

KK804 1-10 Mugearite 91.1::!:0.8 700 - 850 53.9 94.0 !. 0.8 97.0 :!: 3.4 220.2 :!: 71.3 4.48
with TF ---- 93.7:!: 0.7 97.0 :!:. 2.4 218.9 !. 45.9 2.24

HAHHERSTEI" SEAMOUNT [94.0 ::!: 0.8 Ma]

KK804 5-16 Mugearite 105.1 :!: 0.7 700 • BOO 66.0 94.1 :!: 0.5 93.4 :!: 1.1 301.2 ::!: 6.3
KK804 5-27 Mugearite 104.1 ::!: 0.7 620 - BOO 65.0 94.7::!: 0.5 94.6:!:. 1.0 297.8 :!:. 15.0 0.10

MAHLER SEAMOUNT [91.0 :!: 0.7 Ma; 83.9 :!: 0.9 Ma)

KK804 7-1 Mugearite 88.5 !. 0.5 600 • 800 42.9 91.2::!: 0.4 91.6 !. 0.7 290.2 :!: 5.6 1.90
with TF ... _-- 91.0:!: 0.6 91.4::!: 0.7 290.8 :!: 5.2 1.95

KK804 7-17 Plagioclase 83.9 :!:. 2.8 550 - 1160 90.8 83.2::!: 1.4 84.0 :!:. 2.4 293.0 !. 4.2 1.96
50-125u 75.2 :!: 3.9 700 - FUSE 95.6 BO.5 :!: 0.7 81.4 :!: 2.5 293.5 :!: 2.8 7.26

BRAHMS SEAMOUNT [89.7 :!:. 0.6 Ma)

KK804 21-6 K-feldspar 90.0 :!: 0.6 800 • 1150 94.0 90.2;!; 0.4 89.7;!; 0.6 317.7!. 20.3 0.12

Ages are calculated using lambda epsilon = 0.581x10-1D/yr and lamda beta = 4.962x10-10/yr; weighted ages are weighted by the
inverse of the variance. Samples without age spectra or isochron information are too disturbed to yield any meaningful analysis.
"Age Spectrll11" age for plagioclase total fusion data is weighted average of the total fusion ages.
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Table 2.3. Age Spectra and Isochron Analysis of 40Ar/39Ar Experiments on Samples from the Musicians Seamounts (continued).

AGE SPECTRA ISOCHRON ANALYSIS
SAMPLE MATERIAL RECOMBINED .----------------.------_._-------.- ---------.---.------------------... ---

TF AGE INCREMENTS 39Ar WEIGHTED AGE 4DAr/36Ar ~
(Ma) USED (aC) (X) AGE (Ma) (Ma) INTERCEPT N-2

EAST MENDELSSOHN [78.5 :!: 0.9 Ma]

KK80737-2 Mugearite 70.0 :!: 0.5 600 - 800 56.0 75.8 :!: 0.4 76.6 :!: 0.6 287.8 :!: 3.0 0.52
HCl leach 74.1 :!: 0.6 600 - no 55.7 rr-s : 0.5 79.7 :!: 0.9 285.3 :!: 4.2 1.22
HF leach 74.2 :!: 0.7 600 • 750 53.7 78.8 :!: 0.6 18.5 :!: 0.9 303.9 :!: 20.8 0.50

WEST MENDELSSOHN [82.4 :!: 1.3 Ma]

KK807 38-1 Plag-Basalt 85.5 :!: 1.2 650 • 1000 19.5 80.8 :!: 0.9 84.0 :!: 2.9 210.0 :!: 22.0 0.33
Plagioclase 83.9:!: 1.2 550 - 1020 95.1 83.1 :!: 0.6 82.0:!: 1.4 298.2 :!: 3.0 0.98

KK807 38-2 Ferrobasalt 107.6:!: 1.0

CENTRAL BACH RIDGE [14.6:!: 1.7 Ma]

KK807 21·2 Basalt 74.8:!: 2.4 600 - 850 68.5 74.3:!: 1.9 74.4 :!: 3.3 295.3 :!: 2.4 0.54
with TF ---- 14.4:!: 1.3 74.6:!: 1.7 295.3 :!: 1.7 0.46

KK807 27·3 Plagioclase 62.3 :!: 6.2 180 • 1250 71.9 62.6 :!: 2.6 73.1 :!: 8.1 290.7 :!: 3.2 2.02

WEST SCHUMANN SEAMOUNT [83.0 :!: 1.0 Ma)

KK848 52-51 Plagioclase 83.8 :!: 0.1 720 - 1040 83.1 83.1:!: 0.6 83.0:!: 1.0 298.7 :!: 3.8 0.11

PLAGIOCLASE TOTAL FUSION ISOCHRONS

Nah ler Seamount [83.9 :!: 0.9] 82.0 :!: 1.4 308.5 :!: 7.5 0.46
Rachmaninoff Seamount [86.4 :!: 1.2] 84.5 :!: 1.9 301.5:!: 5.1 0.39
Liszt Seamount [84.4 :!: 1.5] 79.8 :!: 5.2 301.2 :!: 6.3 1.38
Haydn Seamount [75.1 :!: 1.2] 74.4 :!: 2.6 296.4 :!: 3.1 4.49

Ages are calculated using lambda epsilon: 0.581x10-10/yr and lamda beta = 4.962x10-10/yr; weighted ages are weighted by the
inverse of the variance. Samples without age spectra or isochron information are too disturbed to yield any meaningful analysis.
"Age Spectr16n" age for plagioclase total fusion data is weighted average of the total fusion ages.
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TabLe 2.4. 40Ar/39Ar Incremental Heating Data of SampLes from the Musicians Seamounts.

TEMP 40Ar/39Ar 37Ar/39Ara 36M/39Ar 36Arcab 4°ArKb 4°ArRb 39Ar Apparent Age c
(OC) eX) (X) oo ex) (Ma)

A7-59D-15 I Plagioclase J=0.002474 Recombined TF age: 74.18 :t 6.97

550 1785.5 44.83 6.055 0.2 0.0 0.0 6.4 0.002 :t 90.8
650 1063.2 111.9 3.561 0.9 0.0 1.9 2.3 95.60 :t 159.
700 412.5 135.3 1.384 2.7 0.0 3.6 4.4 71.08 :t 11.0
750 345.8 130.8 1.159 3.2 0.0 4.1 3.0 67.69 :t 12.0
800 148.6 97.04 0.4732 5.8 0.0 11.3 4.2 78.82 :t 5.34
850 79.73 68.77 0.2296 8.4 0.0 22.1 19.8 80.60 :t 1.83
950 87.29 53.96 0.2506 6.0 0.0 20.3 31.0 80.21 :t 1.85
lOST 74.00 27.00 0.2000 3.8 0.0 23.2 24.5 76.27 :t 5.64
FUSE 131.4 87.35 0.4050 6.1 0.0 14.4 4.4 87.72 :t 16.7

A7-59D-31 PLagiocLase 60-120 J=0.002260 Recombined TF age: 78.09 :t 3.49

500 2125.3 42.14 7.139 0.2 0.0 0.9 1.8 79.49 :t 178.
600 399.4 139.9 1.339 2.9 0.0 3.8 5.4 67.75 :t 14.1
680 54.36 116.4 0.1514 21.6 0.0 35.5 15.3 83.43 :t 2.41
750 32.34 110.1 0.07589 40.7 0.0 58.9 19.6 82.04 :t 1.85
820 49.11 102.8 0.1292 22.3 0.0 39.6 17.3 83.39 :t 2.13
900 55.27 95.97 0.1506 17.9 0.0 33.9 17.5 79.89 :t 2.16
1100 99.03 85.76 0.3041 7.9 0.0 16.4 18.8 69.19 :t 2.57
FUSE 114.3 52.98 0.3499 4.2 0.0 13.4 4.3 63.41 :t 8.62

KK804 1-9 Trachyte Core J=0.005489 Recombined TF age: 96.11 :t 0.69

500 34.68 0.02073 0.08242 0.0 0.0 29.8 12.9 99.42 :t 1.46
600 117.9 0.000000 0.3666 0.0 0.0 8.1 7.0 92.71 :t 5.38
680 24.91 0.01244 0.05009 0.0 0.0 40.6 19_7 97.38 :t 1.02
750 17.65 0.01219 0.02595 0.0 0.0 56.5 17.9 96.16 :t 0.77
840 22.68 0.02695 0.04384 0.0 0.0 42.9 14.9 93.79 :t 0.95
900 19.92 0.01827 0.03395 0.0 0.0 49.6 13.2 95.28 :t 0.87
980 19.87 0.01463 0.03342 0.0 0.0 50.3 6.5 96.27 :t 1.06
1050 24.92 0.01185 0.05057 0.0 0.0 40.0 3.6 96.16 :t 1.59
FUSE 15.86 0.01349 0.01999 0.0 0.0 62.7 4.2 95.93 :t 1.29
TF 10.24 0.01599 0.001051 0.4 0.1 96.9 0.0 95.68 :t 0.78

KK804 1-10 WR CORE J=0.005500 Recombined TF age: 91.11 :t 0.79

600 17.62 0.6203 0.02426 0.7 0.0 59.6 18.6 101.3 :t 1.90
700 11.07 0.4623 0.003826 3.4 0.1 90.1 23.1 96.34 :t 1.23
800 10.75 0.5370 0.003782 4.0 0.1 90.0 11.7 93.51 :t 1.29
850 11. 75 0.7080 0.008095 2.5 0.1 80.1 19.1 91.04 :t 1.50
950 12.57 0.9600 0.01370 2.0 0.0 68.4 9.9 83.42 :t 2.47
1000 9.547 2.010 0.005711 9.9 0.1 84.0 3.6 n.98 :t 3.28
1100 9.611 3.612 0.006406 15.8 0.1 83.4 13.2 n.98 :t 1.59
FUSE 20.65 39.52 0.06717 16.5 0.0 19.7 0.8 41.05 :t 20.1
TF 11.56 1.582 0.007441 6.0 0.1 82.1 0.0 91.87 :t 1.90

KK804 5-16 WR CORE J=0.006528 Recombined TF age: 105.1 :t 0.70

600 33.78 0.2198 0.06451 0.1 0.0 43.6 17.3 165.6 :t 1.60
700 14.61 0.3548 0.02159 0.4 0.0 56.5 31.6 94.74 :t 0.83
800 9.752 0.5179 0.005491 2.6 0.1 83.7 34.5 93.71 :t 0.71
850 11.61 0.6600 0.01338 1.3 0.1 66.3 9.8 88.51 :t 1.69
920 23.26 0.9615 0.05961 0.4 0.0 24.6 2.7 66.10 :t 6.09
980 42.03 1.550 0.1197 0.4 0.0 16.1 2.3 78.14 :t 7.17
1050 37.02 1.353 0.09983 0.4 0.0 20.6 1.1 87.68 :t 14.8
FUSE 50_26 0.9286 0.1402 0.2 0.0 17_7 0.8 102.0 :t 19.8



Chapter 2. Musicians Geochronology 84

Table 2.4. (cont.) 40Ar/39Ar Incremental Heating Data of Samples from the Musicians Seamounts.

TEMP 40Ar/39Ar 37Ar/39Ara 36Ar/39Ar 36Arcab 4°ArKb 40ArRb 39M Apparent Age c
(DC) CX) (X) CX) (X> (Ma)

KK804 5-27 WR CORE J=0.005489 Recombined TF age: 104.1 :t 0.70

450 68.09 0.3184 0.1575 0.1 0.0 31.7 7.0 201.8 :t 3.20
550 28.94 0.3284 0.05522 0.2 0.0 43.7 9.8 121.1 :t 1.90
620 11.03 0.3490 0.004165 2.4 0.1 89.0 16.4 94.71 :t 1.06
680 11.32 0.4269 0.005308 2.3 0.1 86.4 18.4 94.39 :t 0.99
740 10.53 0.5177 0.002499 5.8 0.1 93.3 16.9 94.86 :t 1.05
800 13.67 0.6115 0.01309 1.3 0.0 72.0 13.3 94.99 :t 1.30
900 11.20 1.118 0.006037 5.2 0.1 84.8 10.1 91.81 :t 1.62
1100 39.37 5.076 0.1045 1.4 0.0 22.6 8.1 86.44 :t 2.50

KK804 7-1 Io/R CORE II J=0.004612 Recombined TF age: 88.52 :t 0.50

500 41.79 0.9898 0.08956 0.3 0.0 36.9 6.7 123.9 :t 1.70
600 13.98 0.9047 0.009939 2.6 0.0 79.5 11.1 90.25 :t 0.82
680 13.22 1.058 0.006700 4.4 0.0 85.6 15.4 91.87 :t 0.70
740 13.84 0.7632 0.008759 2.4 0.0 81.7 10.5 91.80 :t 0.85
800 25.93 0.6686 0.05048 0.4 0.0 42.7 5.9 89.81 :t 1.43
870 13.21 1.224 0.01043 3.3 0.0 77.4 7.4 83.16 :t 1.06
950 13.21 1.119 0.009526 3.3 0.0 79.3 11.9 85.19 :t 0.78
1030 12.12 0.9701 0.005967 4.6 0.0 86.1 22.0 84.84 :t 0.60
FUSE 18.04 2.941 0.03395 2.4 0.0 45.7 9.2 67.45 :t 0.98

KK804 7-17 Plagioclase 60-120 J=0.002260 Recombined TF age: 83.91 ::t 2.82

460 1024.9 12.49 3.401 0.1 0.0 2.0 2.4 83.n :t 93.0
550 282.1 48.65 0.9092 1.5 0.0 6.2 4.8 72.30 :t 16.1
650 n.06 62.80 0.1874 9.4 0.0 30.4 11.7 90.87 :t 6.24
720 39.38 66.89 0.08275 22.7 0.0 52.0 15.0 85.39 :t 3.15
780 36.11 ·59.12 0.06737 24.6 0.0 58.4 17.2 87.51 ::t 2.76
870 33.77 53.63 0.06348 23.7 0.0 57.6 17.8 80.50 :t 2.69
940 52.10 40.12 0.1211 9.3 0.0 37.7 8.9 80.52 ::t 5.37
1040 51.70 23.13 0.1245 5.2 0.0 32.5 6.3 68.35 ::t 7.71
1160 35.25 29.98 0.06323 13.3 0.0 54.0 9.1 77.58 ::t 5.23
FUSE 97.55 58.34 0.2612 6.3 0.0 25.8 6.7 103.9 ::t 7.60

KK804 7-17 Plagioclase 120-170 J=0.002474 Recombined TF age: 75.23 ::t 3.92

550 1790.7 27.10 6.067 0.1 0.0 0.0 4.1 0.049 :t 94.0
700 231.2 61.07 0.7429 2.3 0.0 7.2 7.2 76.35 ::t 5.28
780 251.7 65.71 0.8163 2.3 0.0 6.3 13.6 n.91 ::t 5.63
850 51.66 67.30 0.1300 14.5 0.0 36.4 24.5 85.98 ::t 1.29
950 155.7 55.49 0.4882 3.2 0.0 10.3 13.4 72.91 :t 5.75
1050 29.51 46.69 0.05372 24.4 0.0 59.3 17.3 78.92 :t 1.18
1200 74.16 38.19 0.2056 5.2 0.0 22.3 13.9 74.35 :t 1.89
FUSE 108.1 48.49 0.3181 4.3 0.0 16.8 6.1 81.81 :t 3.50

KK804 21-6 KSPAR 60-120 J=0.004612 Recombined TF age: 90.01 ::t 0.57

500 588.8 2.111 1.962 0.0 0.0 1.5 0.1 74.19 :!: 159.
560 234.0 0.6205 0.7543 C.O 0.0 4.8 0.3 90.44 :!: 31.4
620 36.54 0.2885 0.08862 0.1 0.0 28.4 0.7 84.31 :t 9.96
680 18.51 0.1712 0.02498 0.2 0.0 60.2 1.5 90.34 :t 4.69
740 13.92 0.1014 0.01016 0.3 0.0 78.4 3.1 88.64 ::t 2.33
800 13.22 0.07741 0.006945 0.3 0.0 84.5 6.7 90.64 :t 1.37
900 11.87 0.05982 0.002635 0.6 0.1 93.4 28.8 90.02 :t 0.60
1040 11.47 0.04534 0.001297 1.0 0.1 96.6 44.1 89.96 :t 0.55
1150 12.73 0.04002 0.005177 0.2 0.0 88.0 14.3 90.81 :t 0.81
FUSE 73.75 0.1991 0.2219 0.0 0.0 11.1 0.2 66.99 :t 48.5



Chapter 2. Musicians Geochronology 85

Table 2.4. (cont. ) 40Ar/39 Ar Incremental Heating Data of Samples from the Musicians Seamounts.

TEMP 40Ar/39Ar 37Ar/39Ara 36Ar/39Ar 36Arcab 40Arj,b 4°ArRb 39Ar Apparent Age c
(OC) (X) (X) (X) (X) (Ma)

KK848 52-51A Plagioclase 60-120 J=0.005049 Recombined TF age: 83.80 :t 0.74

550 237.6 49.61 0.7755 1.8 0.0 5.3 2.3 115.0 :t 11.1
650 38.32 64.21 0.1186 15.2 0.0 22.4 3.7 80.06 :t 3.80
no 32.17 71.31 0.09794 20.4 0.0 28.4 7.4 85.41 :t 2.33
780 18.43 75.80 0.05360 39.7 0.0 48.1 9.2 83.30 :t 1.81
850 14.96 75.79 0.04150 51.3 0.0 60.0 15.1 84.27 :t 1.39
950 12.55 73.61 0.03296 62.7 0.0 71.0 32.8 83.47 :t 1.11
1040 12.96 72.54 0.03419 59.6 0.0 68.4 18.6 83.06 :t 1.24
1150 19.97 55.54 0.05468 28.5 0.0 42.1 8.5 n.96 :t 1.83
FUSE 48.60 51.27 0.1479 9.7 0.0 18.8 2.3 84.22 :t 5.88

KK807 27-2 BASALT CORE J=0.005380 Recombined TF age: 74.84 :t 2.44

400 595.1 2.303 1.956 0.0 0.0 2.9 5.2 159.9 :t 32.5
500 125.7 2.347 0.3844 0.2 0.0 9.8 4.2 115.9 :t 13.4
600 95.75 3.088 0.2993 0.3 0.0 7.9 10.4 n.06 :t 6.14
650 36.40 5.912 0.09901 1.7 0.0 21.0 18.1 n.85 :t 3.04
700 38.16 9.339 0.1035 2.5 0.0 21.8 12.4 79.63 :t 4.19
750 113.6 10.05 0.3606 0.8 0.0 6.9 7.3 75.25 :t 8.46
800 28.54 7.815 0.07302 3.0 0.0 26.6 12.5 n.73 :t 4.10
850 37.34 4.344 0.1014 1.2 0.0 20.7 7.8 73.75 :t 6.50
950 39.34 3.459 0.1130 0.9 0.0 15.9 7.2 59.67 :t 7.14
FUSE 19.28 45.12 0.06327 20.0 0.0 22.4 15.0 42.73 :t 3.53
TF 13.34 12.18 0.02221 15.4 0.0 58.3 0.0 74.54 :t 1.74

KK807 27-3 PLAGIOCLASE 60-100 J=0.002474 Recombined TF age: 62.31 :t 6.15

550 1661.6 79.70 5.616 0.4 0.0 0.5 9.6 39.96 :t 55.3
650 422.5 221.9 1.453 4.3 0.0 2.7 3.6 59.30 :t 35.0
no 653.2 239.1 2.249 3.0 0.0 1.3 6.7 45.19 :t 29.9
780 185.2 265.7 0.6585 11.3 0.0 6.8 15.5 67.51 :t 6.30
850 215.2 257.5 0.7640 9.5 0.0 5.0 12.5 57.57 :t 7.91
930 64.56 234.3 0.2377 27.7 0.0 21.3 13.9 71.66 :t 4.61
1080 148.1 127.5 0.4980 7.2 0.0 7.8 15.7 55.47 :t 5.10
1250 221.8 64.04 0.7291 2.5 0.0 5.3 14.2 53.66 :t 6.72
FUSE 183.0 131.1 0.5763 6.4 0.0 12.9 8.2 112.2 :t 9.10

KK807 38-2 FERROBASALT CORE J=O.OO66n Recombined TF age: 107.6 :t 1.00

500 21.71 0.7536 0.02130 1.0 0.0 71.3 35.7 In.4 :t 1.8
600 9.194 2.006 0.008373 6.7 0.1 74.8 14.9 81.13 :t 2.27
700 8.154 3.664 0.006317 16.3 0.1 80.8 23.2 77.8? :t 1.16
800 9.919 4.220 0.01742 6.8 0.1 51.6 9.9 60.n :t 2.55
900 6.080 4.639 0.007971 16.3 0.1 67.5 5.8 48.91 :t 4.36
1000 6.558 25.16 0.01784 39.6 0.1 51.3 9.7 40.78 :t 2.68
FUSE 25.50 12.86 0.07390 4.9 0.0 18.5 0.8 56.56 :t 30.3

KK807 37-2 WR CORE J=O.OO66n Recombined TF age: 70.02 :t 0.47

500 26.20 0.6207 0.06451 0.3 0.0 27.4 7.5 84.56 :t 1.76
600 7.931 0.5633 0.005221 3.0 0.1 81.1 16.9 75.85 :t 0.72
700 7.612 0.8644 0.004035 6.0 0.1 85.2 25.2 76.52 :t 0.63
800 16.82 1.068 0.03615 0.8 0.0 37.0 13.9 73.46 :t 1.06
900 6.545 1.130 0.003670 8.6 0.1 84.8 11.9 65.67 :t 0.89
950 7.725 1.120 0.007220 4.4 0.1 73.5 3.9 67.18 :t 2.47
1030 5.636 1.460 0.003501 11.7 0.1 83.7 11.6 55.99 :t 0.90
FUSE 6.107 3.745 0.007958 13.2 0.1 66.5 9.1 48.38 :t 1.13
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Table 2.4. (cant. ) 40Ar/39Ar Incremental Heating Data of Samples from the Musicians Seamounts.

TEMP 40Ar/39Ar 37Ar/39Ara 36Ar/39Ar 36Arcab 4°ArKb 40ArRb 39Ar Apparent Age c
(OC) (X) (X) (X) (X) (Ma)

KK80737-2 WR 35-60 HCl J=0.004612 Recombined TF age: 74.14 ± 0.63

500 69.05 0.4607 0.1962 0.1 0.0 16.1 11.5 90.10 ± 2.62
600 14.90 0.4230 0.01764 0.7 0.0 65.2 16.3 79.08 ± 0.96
660 12.83 0.5054 0.01094 1.3 0.0 75.1 20.6 78.47 ± 0.80
720 23.82 1.188 0.04957 0.7 0.0 38.9 18.8 75.53 ± 1.07
780 14.12 1.619 0.01865 2.4 0.0 61.9 10.0 71.34 ± 1.40
840 13.38 1.502 0.01769 2.4 0.0 61.8 6.7 67.58 ± 2.03
910 12.28 1.448 0.01801 2.3 0.0 57.6 7.7 57.99 ± 1.78
1000 18.23 3.009 0.04337 1.9 0.0 31.0 4.5 46.57 ± 3.06
FUSE 30.39 5.134 0.08020 1.8 0.0 23.4 3.9 58.39 ± 3.62

KK80737-2 WR 60-100 HF J=0.004266 Recombined TF age: 74.27 t 0.69

500 39.78 0.6743 0.09499 0.2 0.0 29.6 8.0 88.35 :i: 2.65
600 12.68 0.6998 0.008162 2.4 0.0 81.4 8.9 77.73 ± 2.17
700 14.15 0.6014 0.01222 1.4 0.0 74.8 12.6 79.67 ± 1.56
750 11.03 1.153 0.002290 14.1 0.1 94.7 32.1 78.68 ± 0.74
800 10.73 2.209 0.003295 18.8 0.1 92.6 11.6 74.95 ± 1.66
850 10.37 2.312 0.005297 12.2 0.1 86.7 8.6 67.97 ± 2.20
930 9.587 1.716 0.004983 9.7 0.1 86.1 10.7 62.48 ± 1.77
1050 7.995 1.488 0.004920 8.5 0.1 83.3 7.3 50.58 ± 2.52
FUSE 131.2 3.075 0.4381 0.2 0.0 1.5 0.2 15.23 ±
143.3
TF 26.54 1.479 0.05647 0.7 0.0 37.6 0.0 75.18 ± 0.88

KK807 38-1 PLAGIOCLASE 60-120 J=0.001929 Recombined TF age: 83.93 ± 1.23

450 756.1 42.63 2.523 0.5 0.0 1.9 0.9 49.62 ± 81.5
550 81.06 56.27 0.2103 7.5 0.0 29.1 7.0 83.36 ± 3.07
600 63.20 58.83 0.1483 11.1 0.0 38.4 12.7 35.86 ± 1.80
670 52.48 57.65 0.1140 14.2 0.0 44.9 20.7 83.41 ± 1.25
750 63.49 55.59 0.1508 10.4 0.0 37.1 28.1 83.24 ± 1.19
850 43.24 53.35 0.08264 18.1 0.0 53.7 16.4 82.04 ± 1.37
960 40.06 50.59 0.07373 19.3 0.0 56.1 7.3 79.20 ± 2.71
1020 224.9 48.66 0.6946 2.0 0.0 10.5 2.9 83.08 ± 9.78
1120 635.1 52.20 2.017 0.7 0.0 6.8 1.6 150.5 ± 37.1
FUSE 131.3 49.21 0.3771 3.7 0.0 18.2 2.5 84.21 ± 9.13

KK807 38-1 PLAG BASALT CORE J=O.OO6677 Recombined TF age: 85.23 ± 1.17

500 53.02 1.179 0.1518 0.2 0.0 15.6 10.2 96.78 ± 4.20
650 11.06 2.141 0.01524 3.9 0.1 60.8 25.3 79.39 ± 1.46
800 9.352 4.924 0.009665 14.3 0.1 73.8 30.9 81.51 ± 1.23
900 10.95 5.714 0.01505 10.7 0.1 63.6 10.5 82.34 ± 3.34
1000 9.374 5.595 0.009496 16.5 0.1 75.0 12.8 83.02 ± 4.89
1050 15.83 8.320 0.02817 8.3 0.0 51.7 4.0 96.58 ± 8.67
FUSE 10.56 28.12 0.01238 63.8 0.1 87.4 6.3 109.9 ± 5.50

a Corrected for 37Ar decay, half-life=35.1 days.
b Subscripts indicate radiogenic (R), calcium-derived (Ca), and potassium-derived (K) argon.
c Lambda E=0.581E-10/yr, Lambda B=4.692E-10/yr. Errors are estimates of the stand. dev. of
analytical precision. Recombined TF ages and errors are weighted by the fraction of 39Ar•
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Table 2.5. Conventional K-Ar and 40Ar/39Ar Total Fusion Ages of Samples Dredged from the Musician Seamounts. I»
'0-Cl>...

40Ar/39Ar TOTAL FUSION
!'oJ

CONVENTIONAL K-Ar

SAMPLE MATERIAL TYPE ~ ARGON 40Ar 37Ard 36Ar 36Ar 39Ar 40Ar 40Ar b
s:

AGE a,c J AGE a e
40ArR 40Ar b Ca Ca K R on

Ileight -- -- -- o'R 39Ar 39Ar 39Ar(:I:) (mol/gm) (:I:) (Ma) (X) (X) (X) (:I:) (Ha) iii'
::3
on

UNNAMED SEAMOUNT / Nil CLUSTER
C)
Cl>
0

1-9 Trachyte Core 6.603 8.859E-10 93.6 91.1=0.9 0.005489 10.24 0.016 0.00105 0.4 0.0 0.06 96.9 95.7! 0.8 n
::r

8.890E-10 84.1 0.005489 9.97 ***** ***** ** ** ** ** 96.1 = 0.7 ...
0

1-10 Mugearite Core 2.616 3.181E-10 87.9 84.2 = 0.8 0.005500 11.56 1.582 0.00744 6.0 0.1 0.05 82.1 91.9 + 1.9 ::3
0

3.30BE-10 93.2 0.005500 9.42 ***** ***** ** ** ** ** 91.1 ~ 0.8 5'
1-19 Hawaiite Core 1.450 43.5 =

00
7.100E-11 41.6 14 --------------------------------------------------------------------------- '<
1.821E-10 35.8

HAMMERSTEIN SEAMOUNT

5-16 Mugearite Core 2.448 2.468E-10 ·80.3 71.5 : 4.0 0.005868 14.57 0.460 0.01360 0.9 0.0 0.04 72.6 108.8 ! 0.7
2.676E-10 63.5 0.006528 9.19 ***** ***** ** ** ** ** 105.1 :!; 0.7

5-27 Hugearite Core 2.398 2.642E-10 71.4 74.4 ! 0.8 0.005489 18.18 0.875 0.02411 1.0 0.1 0.03 61.1 106.9 = 0.8
2.596E-10 60.0 0.005489 10.82 ***** ***** ** ** ** ** 104.1:!;0.7

MAHLER SEAMOUNT

7-1 Hawaiite Core 3.230 3.950E-10 85.7 83.3 ! 0.8 0.005489 11.58 1.471 0.00790 5.2 0.1 0.05 80.8 90.5 ! 0.6
3.965E-10 78.4 0.004612 10.90 ***** ***** ** ** ** ** 88.5 :!: 0.5

7-17 Plag 75-125u 0.123 1.583E-l1 12.0 87.4 ! 4.3 0.003054 35.79 55.919 0.08323 18.8 3.8 0.02 44.2 88.3 ! 2.9
0.002474 17.21 ***** ***** ** ** ** ** 75.2 ! 3.9

7-17 Plag 125-250u 0.147 1.f-5ge-11 59.0 76.1 ! 1.3 0.003054 44.93 52.149 0.11372 12.9 3.6 0.01 34.8 87.3 ! 3.9
1.610e-ll 43.0 0.003054 20.18 52.126 0.03249 45.0 3.6 0.03 13.8 83.2: 1.0(H)
1.662e·11 18.1 0.002260 21.07 ***** ***** ** ** ** ** 83.9 = 2.8

BRAHMS SeAMOUNT

21-6 Kspar 125-250u 5.558 6.646e-l0 86.6 81.2! 0.7 0.004612 11.09 ***** ***** ** ** ** ** 90.0 ! 0.6
22-1 Plag 74-125u .---------_._---------------------.-- 0.003054 37.14 40.424 0.08232 13.0 2.7 0.02 43.0 88.2! 1.8(H)

00
-...l
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Table 2.5 (continued). :r
~

'0....
('Il

40Ar/39Ar TOTAL FUSION
..,

CONVENTIONAL K-Ar !V
SAHPLE MATERIAL TYPE ~ ARGON AGE a,c J 40Ar 37Ard 36Ar 36Ar 39Ar 40Ar 40Ar b AGE e 3:

Weight 40ArR 40Ar b -- -- -- Ca Ca K R c
R 39Ar 39Ar 39Ar '"(X) (mol/gm) (:() (Ma) (X) (X) (X) (X) (He) o·

~.

::l
'"RACHMANNINOFF SEAMOUNT C)

580-0 Plag 125-250u -------.----------------------------. 0.003240 20.54 30.600 0.02904 29.6 2.1 0.03 70.6 84.5 :!: 1.8(H)
('Il

0
0.003240 33.34 31.803 0.07177 12.4 2.2 0.02 44.3 86.1 :!: 2.5(L) 0

:r
580-25 Plag 100-250u -------.------.--------------.--_.--- 0.003240 45.84 39.144 0.11557 9.5 2.7 0.01 32.6 87.5 :!: 8.3

..,
0
::l

580-26 Plag 100-250u ------------------------------------- 0.003240 115.80 37.166 0.35063 3.0 2.5 0.01 13.2 89.3 :!: 15 0
0"

580-33 Plag 125-250u ------------------------------------- 0.003240 31.71 35.247 0.06542 15.1 2.4 0.02 48.2 89.4 :!: 3.0(H) (JQ

0.003240 43.23 38.172 0.10586 10.1 2.6 0.01 35.0 88.5 ± 2.9(l) '<

USZT SEAMOUNT

23-8 Plag 125-250u 0.107 1.279E-11 16.0 81.2 :!: 2.0 0.003240 76.42 59.394 0.22589 7.4 4.1 0.01 19.1 86.8 :!: 3.0

70-125u 0.110 1.235E-11 5.3 76.4 ± 4.0 0.003240 46.20 58.932 0.12609 13.1 4.0 0.01 29.9 82.3:!: 2.1

23-10 Plag 125-250u 0.112 1.172E-11 11.8 74.9 ± 3.6 0.003240 45.89 55.686 0.12166 12.8 3.8 0.01 31.7 86.3 :!: 2.9
1.292E-11 11.5

100-125u 0.110 1.215E-11 3.4 75.4 ± 5.0 -----------------------------------------------------------.----------.----
KHATCHATURIAN SEAMOUNT

590-15 Plag 125-250u 0.151 1.507E-11 14.0 66.9 :!: 2.7 0.002558 86.94 36.646 0.24999 4.5 2.7 0.01 18.8 76.0 :!: 2.4
1.441E-11 18.5

590-31 Plag 125-250u 0.071 8.482E-12 16.0 80.8 ! 3.0 0.002558 75.37 93.396 0.23047 11.4 6.4 0.01 19.9 72.5 + 1.6
0.002260 19.57 ***** ***** ** ** ** ** 78.1 ~ 3.5

74-125u 0.071 8.596E-12 20.5 81.9 :!: 1.9 -----------.------------------------------------------- - - - - - - - - - - - - - - - - ~ - - -

HAYDN SEAMOUNT

33·6 Plag 125-250u 0.081 7.597E-12 31.8 62.6:!: 1.4 0.003069 208.55 85.821 0.68604 3.5 5.9 0.00 6.2 74.5 + 5.9
7.264E-12 37.5 0.003069 22.32 81.123 0.05675 40.1 5.6 0.03 55.0 70.6 ~ 2.1

33-7 Plag 125-250u 0.096 8.436E-12 42.0 62.7 :!: 2.7 0.003069 135.00 74.322 0.42913 4.9 5.1 0.00 10.6 81.9 + 6.2
9.207E-12 13.7 0.003069 23.27 112.115 0.06577 47.8 7.7 0.03 56.4 77.0 ±1.5

74-125u 0.099 8.049E-12 3.5 55.71: 3.2 ------- .._-_._------... -._... _- .....................•...-........_...... _.~
00
00
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Table 2.5 (continued). ::r
II)
'0..
ell

40Ar/39Ar TOTAL FUSION
..,

CONVENTIONAL K-Ar !'J
SAMPLE MATERIAL TYPE ~ ARGON AGE a,c J 40Ar 37Ard 36Ar 36Ar 39Ar 40Ar 40Ar b AGE a ::::

Weight 40ArR 40Ar b -- -- -- Ca Ca K R eR 39Ar 39Ar 39Ar en
(X) (mol/gm) (X) (Ma) (X) (X) (X) (X) (Ma) o';.

::I
en

CENTRAL BACH RIDGE 0
27-2 Basalt Core 0.540 3.745E-11 40.3 50.9 :!: 3.3 0.005380 13.34 12.183 0.02221 15.4 0.8 0.04 58.3 74.5:!: 1.7 ell

0
4.265E-11 57.9 0.005380 7.87 ***** ***** ** ** ** ** 74.8 :!: 2.4 ()

e-
27-3 Plag 74-150u ~--~----------------~---------------- 0.003240 54.46 196.800 0.20330 27.2 13.5 0.01 19.7 71.0 :!: 3.0(H)

..,
0
::I

27-7 Plag-basalt 0.710 5.332E-11 45.0 51.4:!: 1.5 0.005380 46.50 13.974 0.12917 2.9 0.9 0.01 20.3 90.2 :!: 2.3 0
0"

W. MENDELSSOHN SEAMOUNT
(JQ

'<

38-1 Plag-basalt 0.808 6.610E-11 46.7 57.2 :!: 2.9 0.006204 16.37 6.552 0.03451 5.0 0.4 0.03 40.8 73.5 + 0.8
6.415E-11 49.8 O.OO66n 7.25 ***** ***** ** ** ** ** 85.2 ~ 1.2

Plag 125-250u 0.121 1.385E-11 42.7 n.8 :!: 0.8 0.005868 34.13 55.339 0.10320 15.1 3.8 0.02 24.1 88.2 :!: 4.0
1.390E-11 21.9 0.001929 24.69 ***** ***** ** ** ** ** 83.9 :!: 1.2

0.003069 33.35 57.254 0.07952 20.2 3.9 0.02 43.8 82.2 :!: 2.3(H)
0.003069 23.54 54.572 0.04757 32.2 3.7 0.02 59.5 78.8 :!: 1.3(L)

38-2 Ferrobasalt 0.998 7.232E-11 56.5 49.7:!: 0.8 0.006204 18.37 5.182 0.03671 3.7 0.3 0.03 43.1 86.9 :!: 0.8
O.OO66n 9.20 ***** ***** ** ** ** ** 107.6:!: 1.0

E. MENDELSSOHN SEAMOUNT

37-2 Mugearite Core 3.125 2.575E-10 57.7 59.7:!: 3.3 0.006204 8.07 1.231 0.00582 5.6 0.1 0.07 79.8 70.7 :!: 0.5
2.885E-10 47.7 O.OO66n 5.93 ***** ***** ** ** ** ** 70.0 :!: 0.5

HCl lch 2.750 2.608E-10 61.7 64.5:!:1.1 0.004612 9.10 ***** ***** ** ** ** ** 74.1 :!: 0.6
2.591E-10 38.7

HF lch 2.405 2.331E-10 79.3 65.5 :!: 0.8 0.004266 9.85 ***** ***** ** ** ** ** 74.3 :!: 0.7

-
a. Calculated using lambda epsilon =0.581X10- 10/yr, lambda beta =4.962X10-1O/yr. Errors reported as s.d. of analytical precision.
b: Subscripts indicate radiogenic (R), calcium-derived (Ca), and potassium-derived (K) argon isotopes, in percent.
c. Conventional K-Ar ages are weighted by the inverse of the variance.
d. Corrected for 37Ar decay, half-life =35.1 days.
**: Recombined total fusion ages, 40Ar/39Ar reported is 40ArR/39ArK'
on,u» High or low temperature step from 2-step heating experiment, Table 2.6. 00

\0
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Table 2.6

c
en
0'

Summary of 40Ar/39Ar Two Step Experiments on Mineral Separates from the Musicians Seamounts iii'
::l
en

C)

6000 STEP
Cll

FUSION STEP PERCENTAGE OF ARGON 0

IN 6000 STEP o
:r

SAMPLE AGE + 1 sd 40ArR K/Ca AGE + 1 sd 40ArR K/Ca
..,
0

(Ma) (X) (Ma) (X) 40Aratm 39ArK ::J
0
0-

00
HF treatment only: Plagioclase -e

KK804 23-8 82.3 + 2.0 29.9 .0080 -27.7 ! 30.4 -.5 .0095 78.6 15.2
KK807 33-6 70.6 + 2.1 55.0 .0057 4.8 + 5.0 1.0 .0034 42.3 16.4
KK807 27-3 71.0 + 3.0 19.7 .0022 44.5 + 14.3 3.4 .0020 47.0 19.6
A7-59D-15 76.0 + 2.4 18.8 .0120 93.5 + 22.8 3.4 .0046 61.8 19.1
A7-59D-31 72.5 ! 1.6 19.9 .0049 7.1 :!: 17.0 .2 .0042 65.0 16.8

HF and warm HCl treatment: Plagioclase

KK804 7-17 83.2 + 1.0 73.8 .0091 59.0 + 17.6 6.1 .0209 21.8 3.2
KK804 22-1 88.2 + 1.8 43.0 .0118 82.5 + 5.0 15.8 .0117 24.5 11.3
KK807 33-7 n.o + 1.5 56.4 .0044 n.2 + 10.8 22.4 .0045 19.9 8.9
KK807 38-1 78.8 + 1.3 59.5 .0086 82.2 + 2.3 43.8 .0082 24.1 18.3
A7-580-0 84.5 + 1.8 70.6 .0157 86.1 + 2.5 44.3 .0151 24.0 16.3

A7-580-33/34 89.4 ! 3.0 48.2 .0136 88.5 ! 2.9 35.0 .0136 59.6 51.9

HF and warm HCl treatment: pyroxene

1(1(804 22-1 -69.1 ! 36.6 -2.5 .0003 54.0 ! 78.6 3.1 .0800 22.7 30.9

\D
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drawn using the GMT utilities of Wessel and Smith [1991].
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Figure 2.4. Plagioclase 4oAr/39Ar total-fusion isochrons for samples from

Rachmaninoff, Liszt, Mahler, and Haydn Seamounts. Sample points are labeled by last

digits of sample indentification number and one of following labels: C for coarse

grained split, F for fine-grained split, ALL for whole gas total-fusion age, and HI and

LW for high and low temperature steps of two step experiment, respectively.
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Figure 2.5. Age discordance of conventional K-Ar and 40Arj39Ar total-fusion ages

shown as a percentage of the best estimate of the seamount age. Feldspar apparent ages

are on left, whole rock apparent ages on right. Whole rock samples in center had

concordant 40Arj39Ar age spectra, those on right were more disturbed. Note that

conventional K-Ar ages are always less than the best age estimate, while 40Arj39Ar

total-fusion ages can either be higher or lower than the best age estimate.
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Figure 2.8. Paleolatitude versus distance for seamounts in NW-SE age progressive

lineament in the Musicians Seamounts, Distance is plotted in degrees of arc from a

point in the center of the NW Cluster of seamounts. Typical error is ±5° at 95%

confidence level.
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Figure 2.9. Pacific apparent polar wander path for the Late Cretaceous and Early

Tertiary (from Sager and Pringle, 1988). Large solid dots connected by heavyline are

average poles on the APWP and shaded ellipses are their regions of 95% confidence.

Large numbers are mean ages in Ma. Thin line represents polar wander path predicted

by model of motion of Pacific plate relative to hot spots [Duncan and Hargraves, 1984];

dots are placed along path at 10 m.y, intervals. Map is polar equal area projection with

Greenwich meridian vertical; NP stands for the north geographic pole. Note rapid east

west shift in APWP between the 82 and 85 Ma stage poles.



CHAPTER 3:

Geochronological Constraints on a Possible Hot Spot Origin for

Hess Rise and the Wentworth Seamount Chain

107



Chapter 3. Hess and Wentworth Geochronology

ABSTRACT
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New 4oAr/39Ar age data are consistent with plume initiation/hot spot models for

the origin of the Late Cretaceous Hess Rise and Wentworth Seamount chain, north

central Pacific Ocean. 4oAr/39Ar age spectra on two samples of highly altered trachyte

from DSDP Site 465A are discordant, revealing only minimum ages of ca. 90-94 Ma, A

better minimum age estimate for the formation of SE Hess Rise is the late Albian age of

the overlying sedimentary rocks at Site 465A, ca. 98-100 Ma. Two unnamed seamounts

on the Wentworth Seamount chain trending SE from Hess Rise have concordant

4oAr/39Ar whole rock and laser mineral fusion ages of 93.5 ± 0.6 Ma and 86.4 ± 0.6 Ma.

The age progression along this lineament, ca. 70 km/rn.y., is consistent with rates found

for other co-polar Late Cretaceous hot spot tracks in the Musicians Seamounts and

northern Line Islands. Samples from Wentworth Seamount itself are too altered to yield

reliable 4oAr/39Ar ages, but are consistent with an age of about 90 Ma predicted by the

observed age progression. The Hess Rise/Wentworth Seamount province deviates from

the typical plume initiation/hot spot model in two important ways. First, no extensions

of the Wentworth Seamount chain have been found south of the youngest seamount

dated, and the hot spot track is only 14 m.y, long. Second, 4oAr/39Ar analysis of two

plagioclase separates from alkalic basalts dredged from a seamount on SE Hess Rise have

concordant ages of 92 and 87 Ma. Thus, active volcanism on Hess Rise continued at

least 12 m.y. after the initial formation of the plateau, after the southern Hess Rise had

begun to submerge, and after the proposed hot spot had drifted 800 km to the southeast.

Such continuing volcanism also has been observed for Ontong Java Plateau and may be

characteristic of oceanic flood basalt provinces, even if they form by a mechanism

consistent with the plume initiation model. Alternative hypotheses for the origin of Hess

Rise and the Wentworth seamount chain cannot be ruled out.
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INTRODUCTION
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According to the hot spot hypothesis, age progressive linear island and seamount

chains form as the lithosphere moves over deep melting anomalies, or hot spots. If these

melting anomalies are essentially fixed with respect to each other, then the tracks of

coeval hot spots form copolar small circles and have the same angular rate of volcanic

propagation [Morgan, 1972a; 1972b]. Such tracks have become an important tool of plate

tectonic research -- for a specific time period, both the direction and rate of absolute

motion of a particular plate can be estimated.

Hess Rise is a prominent, yet complex, oceanic plateau covering 800,000 km2 in

the central North Pacific Ocean (Figure 3.1). Its origin is uncertain. Vallier et al. [1980]

noted that the age difference between the oldest sediments cored at DSDP Site 464 in the

north (late Aptian to early Albian) and at DSDP Site 465 in the south (late Albian to

Cenomanian) is consistent with age progressive volcanism associated with a hot spot, but

that such a hypothesis needed to be tested. Subsequently, Vallier et aI. [1981] concluded

that Hess Rise formed at the Pacific-Farallon spreading center during Early to mid

Cretaceous times; Mammerickx and Sharman [1988] preferred a model where most of

Hess Rise formed just west (on the Pacific side) of the ridge crest.

The Wentworth Seamount Chain extends SE from southern Hess Rise (Figure

3.1). Jarrard and Clague [1977] and Epp [1978] proposed that the Wentworth chain is

one of three parallel hot spot tracks north of the Hawaiian ridge and south of the

Mendocino Fracture Zone (Figure 3.1). Epp used the strike of these chains to calculate

a Late Cretaceous rotation pole for the Pacific plate, and also noted that the northern

Line Islands and the Emperor Seamounts north of 50° were copolar, and, therefore,

coeval, with these three chains. A lack of reliable age data prevented Epp from

determining actual Pacific plate velocities for the Late Cretaceous, but the rotation pole

that he determined, 36°N, 76°W, is still used to describe the direction of Pacific plate

motion prior to about 70 Ma [e.g., Duncan and Clague, 1985; Henderson, 1985].

In Chapter 2, we show that age progressive volcanism occurred along the NW-SE

trending chain in the Musicians Seamounts (Figure 3.1) from 96 Ma to 82 Ma.

Schlanger et al. [l984J concluded that at least some of the volcanism formed between 93

and 45 Ma along the Line Island chain could be described by age progressive, hot spot
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volcanism. However, they did not consider that this period included at least two

separate poles of Pacific plate rotation [Epp, 1978; Duncan and Clague, 1985]. In

Chapter 2, the Musicians results were combined with the older dates from the northern

Line Islands [Schlanger et aI., 1984J and a Pacific plate/hot spot rotation velocity of

0.508 ± 0.053 o/m.y. was calculated for the period 96 to 82 Ma.

The purpose of this study is to determine the age of volcanism for samples

collected from Hess Rise and the Wentworth Seamount Chain. The limited number and

altered state of the samples available constrains our ability to fully test the hot spot

hypothesis for either feature. However, we will be able to test whether or not (I) age

progressive volcanism is found along these features, (2) any age progression found is

consistent with the Musicians and Line Islands results, and (3) the plateau and seamount

volcanism on Hess Rise could mark the inception of volcanism along the Wentworth

Seamount chain. We will also compare our results to models of the origin of oceanic

plateaus, and use them to place constraints on the origin of volcanism on Hess Rise.

SAMPLES STUDIED

Wentworth Seamount Chain

Clague and Dalrymple [1975] and Garcia et at. [1987] determined conventional

K-Ar ages of 70 to 80 Ma for three seamounts along the Wentworth seamount chain.

For reasons discussed below and more fully elsewhere (for example, Chapter 2), we

regard conventional K-Ar ages of altered whole rock samples as minimum ages.

For Wentworth Seamount itself (Figure 3.2), Clague and Dalrymple [1975]

determined a conventional K-Ar minimum age of 71 Ma for an altered basalt, sample

STYX7 25-1. We resampled two other rocks from the same dredge haul which appeared

more suitable for 4oAr/ 39Ar dating. Sample STYX7 25-2 is a holocrystalline, vesicular,

aphyric basalt with less than 5% colorless clays in an intergranular groundmass. Sample

STYX7 25-3 is a fine-grained, vesicular mugearite with 10% yellow-green clays after

volcanic glass in a trachytic groundmass.

For an uncharted seamount south of the Hawaiian Ridge at 26°27'N, 177°52'W

(Figure 3.2), Garcia et al. [1987] determined a conventional K-Ar minimum age of 74

Ma for two samples which we have re-analyzed, KK71 20-8-J and KK71 20-8-0. Both
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are sparsely plagioclase- and hornblende-phyric mugearites with less than a few percent

clays in a fine-grained, holocrystalline, trachytic groundmass, We also separated the

phenocryst phases from KK71 20-8-0 and a similar sample KK71 20-8-E, which was

too altered for whole rock analysis (groundmass up to 20% clays).

For a seamount north of the Hawaiian Ridge at 31°09'N, 179°45'W (Figure 3.2),

Garcia et al. [1987] determined a conventional K-Ar minimum age of 77 Ma for two

samples which we have re-analyzed. Sample KK7I 65-24A is a fine-grained, vesicular

basalt with 10-15% brown clays after glass in an intersertal groundmass. Sample KK71

65-24D is a fine-grained, vesicular hawaiite with 5-10% brown clays after glass(?) in a

trachytic groundmass.

Hess Rise

Volcanic rock has been recovered at five Sites on Hess Rise: DSDP Sites 464,

465, and 466 [Vallier, et al., 1981], and two dredges by the R/V D. Mendeleev from a

seamount on the southeastern margin of Hess Rise, 80 km to the southeast of Site 465A

(Figure 3.2). Site 464 on northern Hess Rise recovered only 16 em of highly altered

tholeiitic basalt beneath late Aptian to early Albian sedimentary rocks. Site 465A on

southern Hess Rise recovered 24 m of altered trachyte, erupted in a subaerial or very

shallow water environment, beneath upper Albian sediments. Site 466 on southern Hess

Rise recovered a few alkalic basalt clasts within Campanian to Maastrichtian sedimentary

rocks, but their stratigraphic relationship to the Hess Rise volcanism is ambiguous so we

did not analyze them. The dredges by the R/V D. Mendeleev recovered alkalic basalt,

including the two samples discussed below.

Only the trachytes from Site 465A were fresh enough to attempt 4oArj39Ar whole

rock incremental-heating. Two samples were selected from Site 465A. Sample 465A

43-2 72-74 em appeared the least altered of the two, with a nearly holocrystalline, fine

grained trachytic groundmass and only a few percent of brown clays after glass. Sample

465A-45-2 107-109 em had up to 10% brown clay after glass and some carbonate

replacing the cores of plagioclase microphenocryts.

Two samples from R/V D. Mendeleev dredge DM23-1922 (33°10.5'N, 179°31.7'£)

had plagioclase suitable for 4oArj39Ar dating. Sufficient plagioclase was separated from

one sample, DM23-1922-08, to try both incremental-heating with a conventional
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induction-heating system and laser heating with new, very small sample techniques.

From the other, DM23-1922, we recovered only enough plagioclase for laser heating.

K-ArGEOCHRONOLOGY

112

The K-Ar clock, especially the 4oAr/39Ar technique, has been widely used to

date oceanic lavas, but care must be taken when applying the method to altered samples.

Conventional K-Ar dating of untreated and acid treated whole rock samples and mineral

separates, 4oAr/39Ar total-fusion analysis of individual mineral separates, and even

groups of 4oAr/39Ar total-fusion ages of whole rock samples all are unable to

consistently provide reliable age determinations [c.f., Chapter 2; Davis et aI., 1989].

For example, Garcia et al. [1987] tried different acid treatments on whole rock

samples in an attempt to remove the effects of alteration, including a light (2% HNOs)

leach of four samples that are re-examined here. They compared ages of acid treated

samples to 4oAr/S9Ar incremental-heating results from earlier studies of two samples

dredged from the Hawaiian-Emperor Seamounts, and concluded that conventional K-Ar

analysis of some acid-treated, altered whole rock samples gave reliable estimates of

crystallization age. However, they also noted that another study of similar experiments

on samples dredged for the Line Islands [Schlanger et al., 1984] had given inconsistent

and inconclusive results. The principal problem is that, even if some acid treatments

work for some rocks, there are no independent criteria to decide which are the valid

ages. For the four samples from Garcia et al. [1987] that are re-examined in this study,

the conventional K-Ar ages of the acid-treated whole samples underestimate the

concordant 4oAr/39Ar ages by at least 20%. These earlier results are clearly unreliable

and will not be discussed further.

The real advantage of using 4oAr/39Ar geochronology in deciphering the

crystallization age of altered rocks is that accurate crystallization ages can be

distinguished from unreliable ages using a series of internal tests for a set of apparent

ages for a given sample. We use the criteria listed in Chapter 2, which were modified

from those of Lanphere and Dalrymple [1978] and Dalrymple et al. [1980]. It may not

be possible to determine precisely why one particular age is reliable while another is not,

although alteration in the submarine environment clearly plays a role. However, one can
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test whether the K-Ar systematics of a particular sample are too disturbed to reveal a

meaningful age.
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The best ages for each of the three sites that have reliable crystallization ages are

listed in Table 3.1. In general, the isochron age is preferred as the best estimate of each

sample because it (I) combines both an estimate of analytical error and the scatter about

the isochron in the final error estimate, and (2) makes no assumption about the

composition of the initial non-radiogenic, or trapped, argon component.

Analytical Techniques

Whole rock samples were prepared as 6 mm cores drilled from the freshest

sections of I cm thick, sawed slabs. Mineral separates were prepared using conventional

heavy liquid and magnetic techniques, and further cleaned with appropriate acids and

finally with distilled water in an ultrasonic bath. Plagioclase was cleaned with cold 5

10% HF for 5-8 minutes followed by 30 minutes in 2.5N HCl; hornblende was cleaned

with the 2.5N HCl only. The two plagioclase separates DM23-1922 and DM23-1922-08

were treated with HF only.

Whole rock samples, 0.5 to 0.8 g each, and mineral separates, up to 20 mg each

wrapped in Al-foil, were sealed in air in quartz vials. They were irradiated for 24-30

hours in the core of the U.S.G.S. TRIGA reactor (Dalrymple et al., 1981] or 60 hours in

the H-5 facility of the Ford Nuclear Reactor at the University of Michigan. Whole rock

samples were analyzed as incremental-heating experiments using either (I) an all-metal

resistance furnace extraction line and on-line Nier-type single-collector mass

spectrometer, or (2) a glass-based induction-heater extraction line and off-line multiple

collector mass spectrometer. Mineral separates were analyzed using a 5W Ar-ion

continuous laser extraction system and an ultraclean, ultrasensitive mass spectrometer

[Dalrymple, 1989]. The reactor flux, J, was measured with the intralaboratory standards

biotite SB-3 (162.9 Ma) for the whole rock samples and sanidine TCR 85G003 (27.88

Ma) for the mineral separates.

Errors given for the calculated ages of individual measurements are estimates of

the standard deviation of analytical precision. 4oAr/39Ar incremental-heating data were

reduced both as age spectra and isochrons. Incremental-heating plateau ages and mean

mineral laser heating ages were calculated as weighted means, where weighting is by the
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inverse of the estimated variance [Taylor, 1982]. Isochron ages were calculated using the

40Arj86Ar vs 39Arj36Ar correlation and the York2 least-squares fit with correlated errors

[York, 1969]. There are no significant differences between the results of this correlation

calculation and the one based on the 36Ar/40Ar vs 89Ar/40Ar correlation [Dalrymple et

al., 1988].

Wentworth Seamount Chain Results

For two samples from the seamount south of the Hawaiian Ridge at 26°27'N,

177·S2'W (Dredge KK71-20-8), both incremental-heating experiments were concordant

(Table 3.1 and 3.2, Figure 3.3). The best age estimate for this seamount is the weighted

mean of the two isochron ages, 86.4 ± 0.6 Ma. Note, however, that both samples are

slightly disturbed, i.e. not all of the steps lie on the plateau and the total gas age (Table

3.2) is slightly lower than the best age. Both age spectra (Figure 3.3) have a pattern of

decreasing ages, with anomalously old ages for the lowest temperature steps and

anomalously young ages for the highest temperature steps (especially for the fusion step

with the lowest K/Ca ratio). This pattern is often seen in the incremental-heating age

spectra of fine-grained, altered whole rock samples. It is usually attributed to argon

redistribution and loss, especially the recoil of 89Ar from higher-potassium sites degassed

at low temperatures to lower-potassium steps degassed at high temperatures (see Chapter

2 for a more complete discussion). However, the mid-temperature gas release for many

of these age spectra often meets the criteria for concordant ages used here, and we have

previously assumed that such middle temperature plateaus give reliable age estimates (for

example, Chapter 2).

The recent development of very small sample techniques for 4oAr/39Ar dating,

and the presence of separable plagioclase and hornblende phenocrysts in these samples,

allows us to check the validity of this assumption. Twenty-three laser fusion analyses of

both plagioclase and hornblende from two samples from dredge KK71-20-8 are

presented in Table 3.3. The best age estimate is the weighted mean of the total-fusion

ages, 86.3 ± 0.2 Ma. This is not significantly different from the results obtained from

the whole rock incremental-heating analyses, and validates the use of mid-temperature

plateaus for samples which have age spectra characteristic of slight to moderate argon

redistribution.
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For the Wentworth Seamount samples (Dredge STYX7 25), neither of the

incremental-heating experiments provided reliable estimates of the crystallization age

(Table 3.2, Figure 3.4 a. and b.) Both show disturbed age spectra characteristic of argon

redistribution. Both have mid-temperature "pseudo-plateau" steps with ages around 84

85 Ma, which is close to the total gas age of 86 Ma for the hawaiite (Table 3.2). We

interpret these results to indicate a minimum age of about 84-85 Ma for the volcanism

at Wentworth Seamount.

For samples from the seamount north of the Hawaiian Ridge at 3Jo09'N,

J79°45'W (Dredge KK 7J-65-24), only one of the four incremental-heating experiments

(Tables 3.1 and 3.2, Figure 3.4 c.) yielded a reliable age spectrum plateau and isochron

age according to the criteria used here. The isochron gives the best estimate for the age

of this seamount, 93.4 ± 0.6 Ma. A second incremental-heating experiment on the same

rock (Figure 3.4 d.) gave a similar isochron age of 94.8 ± J.2, but had only 48.3% of the

gas released on the age spectrum plateau and a SUMS/N-2 of 4.79, neither of which

meet the criteria for an reliable crystallization age estimate. The results from the second

sample were clearly disturbed (Figure 3.4 e. and f.), and suggest only a minimum age of

about 75 Ma for that sample.

Hess Rise Results

The two samples of altered trachyte from DSDP Site 465A on Hess Rise yielded

highly disturbed age spectra (Table 3.2, Figure 3.4 g. and h.). The high temperature

steps exhibit the pattern of decreasing ages attributed to argon recoil. The low

temperature steps show both anomalously old and young ages; we interpret the

anomalously young ages to indicate 40Ar loss in excess of any 39Ar loss for those steps.

The intermediate temperature steps of the age spectra are about 90-94 Ma, which we

interpret as a minimum age.

For the seamount on southern Hess Rise, several experiments were done on each

of the two plagioclase separates from dredge DM23-1922 (Table 3.1 and 3.4). The ages

of the two separates are distinct.

For sample DM23-1922-08, an incremental-heating experiment done on 0.34 g of

plagioclase yielded an age spectrum plateau at 87.6 ± 0.6 and an isochron age of 89.4 ±

3.1 Ma, with almost 70% of the gas released on the plateau (Figure 3.5 a.). Because the
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lower temperature steps had low apparent ages, presumably because of 40Ar loss from a

small amount of low temperature alteration phases, and because three laser total-fusion

analyses also showed some anomalously young ages (Table 3.4), we tried a series of laser

degassing experiments to see if we could "clean" the feldspar. Using a defocussed laser

beam, the sample was first degassed at 2W and then at 4W; the gas released from these

"cleaning" steps gave low apparent ages with large amounts of atmospheric 40Ar (Table

3.4). Then 2 groups of the degassed plagioclase (about 20-40 crystals each) were fused

and analyzed (Fusl and Fus2, Figure 3.5 b.), the remaining sample degassed again at 7W

and analyzed, three more groups of sample fused and analyzed (Fus3, Fus4, FusS), the

remaining sample degassed once more at 7W, and finally the remaining feldspar was

fused in two groups (Fus6 and Fus7). All but the first degassing steps had concordant

ages, and the isochron analysis for this degassing experiment gave an age of 87.0 ± 0.6

Ma. Combining the laser degassing results with the incremental-heating results gives the

best age estimate for this sample, 87.1 ± 0.6 Ma.

For sample DM23-1922, four laser total-fusion analyses (TFI-TF4) have a

weighted mean age of 89.5 ± 0.5 Ma and a total-fusion isochron age of 96.3 ± 5.7 (Table

3.1 and 3.4; Figure 5 c.). The imprecision of the isochron age is mainly the result of the

limited range of Ar ratios and the low amounts of radiogenic 40Ar in this sample, 43.1 to

52.9% (Table 3.4). Because these are relatively high atmospheric 40Ar contents for laser

fusion analyses of plagioclase, we did a laser degassing experiment on this sample also

(Figure 3.5 d.). The whole sample was degassed at 4W, then the degassed sample was

fused in 4 groups (Fusl through Fus4, Figure 3.5 d.), and finally the glass beads from all

4 fusions were fused again in one group (Refuse). All of the analyses except the initial

degassing step were concordant and had significantly higher radiogenic 4oAr, 79.6 to

97.5%. The weighted "plateau" and isochron age of 91.7 Ma (Table 3.1) is slightly higher

than the total gas age of 89.9 Ma, confirming the presence of small amounts of alteration

products which were degassed in the first step. The best age for this sample is the

weighted mean of the degassing and total-fusion ages, 91.8 ± 0.7 Ma, which is

significantly older than the age for the other sample from this dredge.
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DISCUSSION AND INTERPRETAnON

Possible hot spot origin
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The new 40Ar/39Ar age data suggest age progressive volcanism from NW to SE

for the Wentworth Seamount Chain, from before about 100 Ma at DSDP Site 465A on

Hess Rise to 86 Ma at the unnamed seamount 800 km to the SE. The best evidence for

an age progression comes from two unnamed seamounts. An age of 86 Ma for the

southernmost seamount in the chain at 26°27'N, 177°52'W is indicated by both laser

fusion analysis of mineral separates and concordant incremental-heating experiments.

An age of 94 Ma for a seamount at 31°09'N, 177°52'W, 550 km to the NW, is indicated

by concordant whole rock incremental-heating experiments. The measured velocity of

about 70 km/m.y, is consistent with, but perhaps slightly faster than, rates found for the

other Late Cretaceous hot spot tracks in the Musicians Seamounts and northern Line

Islands [Chapter 2].

Extrapolating the age progression from the two well-dated seamounts predicts

ages of 90 Ma for Wentworth Seamount, 99 Ma for Site 465A on southern Hess Rise,

and about 110 Ma for Site 464 on northern Hess Rise. These ages are consistent with

our minimum 4oAr/39Ar age estimates of 85 Ma for Wentworth Seamount and 90-94 Ma

for Site 465A discussed above. The predicted ages also agree with the late Albian age

(ca. 98-100 Ma) of the oldest sedimentary rocks at Site 465A, and the early Albian to

late Aptian age (ca. 110-114 Ma) of the oldest sedimentary rocks at Site 464 [Theide, et

al., 1981]. Thus, much of the volcanism along the Hess Rise/Wentworth Seamount chain

is consistent with that expected from an age-progressive hot spot track.

We do not mean to imply that all of the volcanism on Hess Rise can be related to

a simple hot spot model. The morphology and geologic evolution of Hess Rise is

complex, and marked by tectonic activity and volcanism which continued at least

through the Cenomanian [Kroenke and Neomoto, 1982; Vallier et aI., 1981]. Evidence

for normal faulting is common, and the vertical tectonics of Hess Rise also seems

complicated. For example, the minimum age for the subaerially-erupted trachytes at

Site 465A indicates that there is no lengthy hiatus between the eruption of the trachyte

and the deposition of the overlying sediments, and that subsidence for at least southern

Hess Rise must have been relatively rapid.
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The ages of the alkalic basalts dredged by the R/V D. Mendeleev from the

seamount on southern Hess Rise indicate that active volcanism continued for at least 12

m.y. after the initial volcanism at nearby Site 465A. This is well after the southern Hess

Rise had begun to submerge, after Hess Rise had drifted 800 km to the northwest of the

hot spot, and almost as long as volcanism lasted on the proposed hot spot track itself.

The later alkalic volcanism may be similar to the late stage alkalic volcanism that has

been shown to last at least 5-8 m.y. on seamounts and islands throughout the Pacific

[e.g., Pringle, 1991]. Alternatively, it could be related to a period, ca. 80-90 Ma, of

major spreading direction changes, ridge jumps, and volcanism along fracture zones

undergoing significant tectonic change [Chapter I; Mammerickx and Sharman, 1988;

Windom et al., 1981].

Constraints on the origin of Hess Rise

The existing models for the origin of Hess Rise concentrate mainly on a

description of the tectonic setting and timing of volcanism. A complete model for the

origin of Hess Rise must also explain both the irregular morphology of Hess Rise

[Kroenke and Neomoto, 1982; Vallier et al. 1981] and the excess basaltic volcanism that

oceanic plateaus such as Hess Rise represent. Schubert and Sandwell [1989] estimate that

the total volume of Hess Rise is 9.08x106 kms, 75% greater than would be expected for

normal ocean crust alone.

Morgan [1981a, 1981b] proposed two different mechanisms for the formation of

plateau basalts, which he had noted seem to mark the beginning of at least some hot spot

tracks [1972a; 1972b]. The first is a rifting mechanism, where an existing hot spot

weakens and warms the continental lithosphere and generates flood basalts following

rifting and extension related to continental breakup. The second is a plume initiation

mechanism, where a new mantle plume surfaces with a large, warm "head" capable of

producing flood basalt volcanism in one large melting event.

White and McKenzie [1989] have further developed the rifting mechanism model.

According to their view, a mantle plume warms a large region of the mantle below

continental lithosphere to temperatures at least lOO-200°C higher than surrounding

mantle, extension by at least a factor of 2 thins the lithosphere, and large volumes of

decompression melting produce a melt thickness of about 25 km. Their rifting model
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describes many of the characteristics of volcanic rift margins such as those in the North

Atlantic Tertiary province. Although they mainly explored models for continental

rifting, they suggest that such a model might also apply to thinning of older oceanic

lithosphere, since such lithosphere has many characteristics similar to Phanerozoic

continental crust. However, such a model is incapable of producing plateau basalts

erupted on young ocean crust near a spreading ridge, such as those which formed Hess

Rise.

Other workers (i.e., Richards et al., 1989; Campbell and Griffiths, 1990; Duncan

and Richards, 1991) preferred the model of direct plume initiation for the origin of

flood basalts. According to this model, a low viscosity diapir originates deep within the

mantle, grows during its ascent, and flattens when it reaches the base of the lithosphere.

Voluminous flood basalts are the eruptive products of this plume "head"; hot spot tracks

are the eruptive products of the following conduit or plume "tail". This plume-head

model works especially well at describing the apparent short duration and characteristic

size of many of the world's flood basalts, and the ratio of the eruptive rates of the flood

basalts to their respective hot spot tracks. It also does not require any particular tectonic

setting at the earth's surface, l.e. it describes equally well the origin of either continental

or oceanic flood basalts.

The age data presented here are consistent with a plume initiation-hot spot model

for the origin of the Hess Rise and the Wentworth Seamount Chain. However, the Hess

Rise example deviates from the typical plume initiation-hot spot model in two important

ways. First. no extension of the Wentworth Seamount Chain has been found to the

southeast of the youngest seamount dated here, i.e. the hot spot track originating at Hess

Rise is only 14 rn.y. long. If Hess Rise was formed by a plume head, then the seamount

volcanism to the southeast marks the track of a plume tail that never developed into a

productive source of sustained hot spot volcanism. Short hot spot tracks have been

documented in the Austral-Cook Islands te.s., Turner and Jarrard, 1982], the Gulf of

Alaska [Dalrymple et al., 1987], the Musicians Seamounts [Chapter 2], etc., but none are

associated with large flood basalts or volcanic plateaus.

Second, the age of the alkalic basalts dredged from a seamount on the southeast

margin of Hess Rise indicates that active volcanism continued on Hess Rise for at least

12 m.y., almost as long as volcanism lasted on the proposed hot spot track to the south.
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This is in contrast to the models of plume initiation which require the formation of most

of the oceanic flood basalt plateau in 3 m.y. or less [Campbell and Griffiths, 1989;

Richards et aI., 1989J. This extended period of volcanism may be the result of tectonic

controls unique for this period and region of the Pacific plate [i.e., Mammerickx and

Sharman, 1988J. However, on Ontong Java Plateau, another Pacific oceanic plateau

which apparently erupted vast amounts of basalt in a relatively short period [Richards et

aI., 1989; Tarduno et aI., 1991J, some volcanism continued for at least 30 m.y. after the

main eruptive event [Mahoney et al., in press], These observations indicate either that

(l) the plume initiation model successfully predicts the relatively short period of

volcanism during which the bulk of an oceanic plateau is built, but that small amounts

of volcanism can erupt for a significant period after the construction of the main edifice

or (2) some other model for the formation of oceanic plateaus is needed.

Further work is necessary to more fully test models for the origin of Hess Rise.

This work, which would require more samples than currently available, also would need

to include further attempts at deciphering reliable ages for the existing sites, and

isotopic and trace element documentation of the characteristics of the mantle source

region of the Hess Rise volcanism. Until then, models on the origin of the plateau

basalts of Hess Rise will remain speculative.



Table 3.1.

Summary of Reliable 40Ar/39Ar Age Determinations of Samples from Hess Rise and the Wentworth Seamount Chain.
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OM23-1922-08 Plag IH 64.8 87.6 +/- 0.7 Ma 89.4 +/- 3.1 Ma 255.1 +/- 64.6 2.85 3
Plag laser DG 96.52 86.9 +/- 0.5 Ma 87.0 +/- 0.6 Ma 280.1 +/- 8.7 2.63 9

DM23-1922 Plag laser DG 93.82 91.7 +/- 0.6 Ma 91.7 +/- 0.7 Ma 258.5 +/- 39.0 0.59 5
Plag laser TF (100)3 89.5 +/- 0.5 Ma 96.3 +/- 5.7 Ma 276.4 +/- 15.7 1.21 4

Plateau or Weighted TF Age

X of 39Ar AGE +/- 1 SO

UNNAMED SEAMOUNT (31°8.5'N, 179°44.8'W)

~

::l
0-

~
C1l
::s
~
o...-::r
C')
C1l
o
o
::r...
o
::s
o
0-

C/Q
'<

Isochron Age

AGE +/- 1 SO (40/36)0 +/- 1 SO SUMS/N-2 N

BEST AGE1: 93.4 +/- 0.6 Ma

BEST AGE
':

87.1 +/- 0.6 Ma; 91.8 +/- 0.6 Ma

Material

UNNAMED SEAMOUUT (33°10.5'N, 179°31.7'E)

Sample

KK71 65-24A Whole Rock 59.8
48.3

93.7 +/- 0.6 Ma
95.1 +/- 0.5 Ma

93.4 +/- 0.6 Ma 302.4 +/- 3.5 2.71
94.8 +/- 1.2 Ma 300.6 +/- 8.8 4.79

4
3

UNNAMED SEAMOUNT (26°27.2'N, 177°51.6'W) BEST AGE
':

86.4 +/- 0.6 Ma

KK71 20-8'J
kk71 20-8-0

Whole Rock
Whole Rock

61.4
74.7

85.3 +/- 0.5 Ma
85.4 +/- 0.5 Ma

86.9 +/- 0.8 Ma 131.0 +/- 66.3 2.27
85.8 +/- 0.8 Ma 178.0 +/- 188.1 2.82

5
6

1
2
3

See text for determination of IIBEST AGEII.
Laser fusion analyses, including degassing steps (DG).
Total fusion (TF) analyses, without any heating or degasing steps

N
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Table 3.2.

Analytical Data for Incremental Heating Experiments on
WhoLe Rock SampLes from Hess Rise and the Wentworth Seamount Chain.

-------------------------_.- .._._------------._--------------._.-_ ...---------.---------.--------.--
TEMP 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40ArR 40ArK 39Arca 36Arca KlCa 39Ar APPARENT AGE (a)

(deg.C) (b) (b) (b) (c) (c) (c) (c) (X) (Ma)
._---._ .. ------._ .. -------- ..._------------_ ..._--------------_.-----------_ .._------_._._---.----.-
465A-43-2 n-74 TRACHYTE CORE J = 0.004749 Total gas age = 82.66 +- 0.45

500 30.37 0.13714 0.05956 42.1 0.0 0.0 0.1 3.57 1.6 106.23 +- 5.95
560 20.11 0.13596 0.03225 52.6 0.0 0.0 0.1 3.60 0.9 88.52 +- 1.64
620 13.504 0.13278 0.014796 67.7 0.0 0.0 0.2 3.69 5.8 76.63 +- 0.55
680 11.032 0.17559 0.005718 84.8 0.1 0.0 0.8 2.79 9.2 78.39 +- 0.49
740 11.387 0.2170 0.003599 90.8 0.1 0.0 1.6 2.26 9.8 86.44 +- 0.52
800 12.631 0.2306 0.004980 88.4 0.0 0.0 1.2 2.12 14.5 93.27 +- 0.56
860 13.1n 0.2037 0.006356 85.8 0.0 0.0 0.8 2.41 11.9 94.38 +- 0.57
950 11.644 0.17851 0.003843 90.3 0.1 0.0 1.2 2.74 12.9 87.93 +- 0.52
1050 10.4n 0.2349 0.003846 89.3 0.1 0.0 1.6 2.09 13.5 78.37 +- 0.65
1200 9.162 0.2493 0.002548 91.9 0.1 0.0 2.6 1.97 9.4 70.n +- 0.43
FUSE 11.315 0.3313 0.012904 66.5 0.1 0.0 0.7 1.48 10.3 63.33 +- 0.45

465A·45-2 107-109 TRACHYTE J = 0.004659 Total gas age = 83.53 +- 0.42

500 15.909 0.07881 0.016256 69.8 0.0 0.0 0.1 6.22 5.2 91.01 +- 0.49
600 12.013 0.09634 0.006468 84.1 0.0 0.0 0.4 5.09 5.4 82.99 +- 0.42
660 10.497 0.10348 0.003017 91.5 0.1 0.0 0.9 4.73 6.2 79.00 +- 0.36
720 11.007 0.14648 0.002n4 92.7 0.1 0.0 1.4 3.34 15.3 83.82 +- 0.28
800 11.880 0.18532 0.003000 92.6 0.0 0.0 1.6 2.64 16.3 90.19 +- 0.29
870 11.970 0.16410 0.003016 92.6 0.0 0.0 1.4 2.99 13.7 90.86 +- 0.30
960 11.202 0.14120 0.003238 91.5 0.1 0.0 1.2 3.47 10.0 84.17 +- 0.31
1060 10.302 0.14707 0.001672 95.3 0.1 0.0 2.3 3.33 12.1 80.66 +- 0.28
1200 9.541 0.17114 0.002038 93.8 0.1 0.0 2.2 2.86 11.0 73.68 +- 0.27
FUSE 10.038 0.3550 0.006949 79.8 O. ~ 0.0 1.3 1.38 4.9 66.08 +- 0.43

KK71 65-24-0 WR CORE J =0.004000 TotaL gas age = 73.n +- 0.37

450 25.55 0.6297 0.05002 42.2 0.1 0.0 0.3 0.n8 5.7 76.17 +- 0.61
500 12.494 0.7912 0.002614 94.0 0.3 0.1 7.6 0.619 7.2 82.84 +- 0.31
520 12.805 0.8208 0.002033 95.5 0.3 0.1 10.1 0.597 7.1 86.19 +- 0.31
550 12.458 0.7241 0.001593 96.3 0.3 0.0 11.4 0.676 4.2 84.63 +- 0.40
580 12.382 0.6673 0.002812 93.4 0.3 0.0 6.0 0.734 3.9 81.60 +- 0.41
620 12.090 0.5783 0.003422 91.7 0.3 0.0 4.2 0.847 4.4 78.29 +- 0.38
660 11.512 0.4807 0.002528 93.5 0.3 0.0 4.8 1.02 3.9 76.06 +- 0.41
no 11.356 0.4255 0.002425 93.6 0.3 0.0 4.4 1.15 8.1 75.16 +- 0.28
800 11.008 0.4047 0.001553 95.8. 0.3 0.0 6.5 1.21 18.4 74.53 +- 0.23
900 9.775 1.1142 0.0016n 95.4 0.4 0.1 16.7 0.439 32.3 66.10 +- 0.20
1000 9.450 4.313 0.003733 91.3 0.4 0.3 29.0 0.113 4.7 61.39 +- 0.35

KK71 65-24-0 WR CORE J = 0.004895 Tot:al gas age = 74.99 +- 0.39

500 51.46 0.3694 0.13555 22.2 0.0 0.0 0.1 1.33 1.0 98.19 +- 2.31
600 26.41 0.4600 0.05895 34.1 0.0 0.0 0.2 1.06 3.8 n.97 +- 0.89
680 11.346 0.5835 0.007583 80.6 0.1 0.0 1.8 0.839 6.7 78.98 +- 0.40
BOO 10.744 0.5873 0.003195 91.5 0.1 0.0 4.3 0.834 9.8 84.85 +- 0.33
860 10.341 0.4803 0.0041n 88.3 0.1 0.0 2.7 1.02 9.0 78.93 +. 0.33
950 10.024 0.3748 0.004372 87.3 0.1 0.0 2.0 1.31 6.2 75.70 +- 0.40
1050 9.392 0.3622 0.002298 93.0 0.1 0.0 3.7 1.35 21.5 75.53 +- 0.25
1200 8.934 0.4384 0.002250 92.8 0.1 0.0 4.6 1.12 29.4 71.81 +- 0.24
FUSE 8.484 3.642 0.003953 89.1 0.1 0.2 21.6 0.134 12.7 65.73 +- 0.26

-----_._-----_.--------------.-. __ .--------------_.--. - - - - . _ - - - - - - _ . _ - - - - - - - - - - - . _ - - - - - - - - - - - - ~ ~ . ~ - -

(a) Lambda E =0.581E-10/yr, Lambda B =4.692E-1O/yr. Errors are s.d. of anaLytical precision.
(b) Corrected for 37Ar and 39Ar decay, half-lives are 35.1 days and 259 years, respectively.
(c) Subscripts indicate radiogenic (R), calcium-derived (Ca), and potassium-derived (K) argon.
._--_._------.----. __.-.. -----~_. __ ._. __... _-_. __ .-_.-_._---_ .. _--_ .. _. __._-------_._-~-----_.------
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Table 3.2 (continued).

Analytical Data for Incremental Heating Experiments on
Whole Rock Samples from Hess Rise and the Wentworth Seamount Chain.

---.-----------------------------.-._------.----.-------------------------------.-------- .. _------_.
TEMP 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40A~ 40ArK 39Arca 36Arca K/Ca 39Ar APPARENT AGE (a)

(deg.C) (b) (b) (b) (c) (c) (c) (c) (X) (Ma)
----------------------------------_.----------.-----------------------------------------------------
KK71 65-24·A WR CORE J =0.004660 Total gas age = 92.60 +- 0.49

500 54.47 0.5902 0.13211 28.3 0.1 0.0 0.1 0.830 0.9 125.39 +- 4.17
600 55.64 0.5985 0.13453 28.6 0.1 0.0 0.1 0.8'8 1.2 128.96 +- 3.24
700 60.31 0.5428 0.15691 23.1 0.1 0.0 0.1 0.902 3.2 113.65 +- 1.99
740 33.56 0.4794 0.07309 35.6 0.1 0.0 0.2 1.02 6.2 97.91 +- 1.05
SOO 12.390 0.5155 0.002916 93.0 0.3 0.0 4.4 0.950 15.3 94.44 +- 0.36
860 12.039 0.9506 0.001440 96.7 0.3 0.1 16.6 0.515 26.7 95.40 +- 0.31
950 11.601 0.6211 0.002069 94.8 0.3 0.0 7.5 0.789 24.4 90.20 +- 0.31
1050 11.319 0.9898 0.003634 90.8 0.3 0.1 6.8 0.495 12.2 84.47 +- 0.40
1200 12.315 3.017 0.008669 80.7 0.3 0.2 8.7 0.162 9.1 81.84 +- 0.51
FUSE 18.076 3.498 0.03769 39.6 0.2 0.2 2.3 0.140 0.7 59.35 +- 5.69

KK72 65-24-A WR CORE J =0.010880 Total gas age = 91.06 +- 0.48

500 33.14 0.8817 0.09125 18.8 0.0 0.1 0.3 0.555 2.9 118.60 +- 2.50
550 10.405 0.4290 0.01B3n 48.1 0.0 0.0 0.6 1.14 8.8 95.74 +- 0.75
600 5.098 0.4016 0.000710 96.5 0.0 0.0 14.9 1.22 18.9 94.07 +- 0.34
650 5.053 0.7846 o.ooom 96.7 0.0 0.1 26.8 0.624 19.6 93.47 +- 0.33
700 5.044 0.8942 0.000879 96.2 0.0 0.1 26.9 0.548 12.5 92.88 +- 0.41
760 4.915 0.7185 0.001097 94.5 0.0 0.0 17.3 0.682 -9.7 88.99 +- 0.48
820 4.827 0.7480 0.001215 93.7 0.0 0.1 16.3 0.655 9.3 86.75 +- 0.49
880 4.907 0.8800 0.001818 90.4 0.0 0.1 12.8 0.556 7.9 85.10 +- 0.55
950 4.834 1.0987 0.003029 83.2 0.0 0.1 9.6 0.446 3.9 77.35 +- 1.04
1300 6.188 2.959 0.008188 64.6 0.0 0.2 9.5 0.165 6.4 76.96 +- 0.70

STYX7-25-2 WR CORE J =0.004895 Total gas age = 75.23 +- 0.40

500 24.57 1.4144 0.04592 45.2 0.0 0.1 0.7 0.346 11.4 95.50 +- 0.69
600 10.446 2.689 0.003775 91.0 0.1 0.2 16.7 0.182 13.3 82.23 +- 0.35
680 10.533 3.708 0.003012 93.9 0.1 0.2 28.8 0.132 15.1 85.52 +- 0.33
740 10.806 2.694 0.003990 90.8 0.1 0.2 15.8 0.182 8.5 84.74 +- 0.45
SOO 10.571 1.9208 0.004776 87.9 0.1 0.1 9.4 0.255 6.6 80.29 +. 0.54
860 9.634 1.4839 0.003843 89.2 0.1 0.1 9.0 0.330 5.4 74.42 +- 0.62
950 8.815 1.4388 0.002536 92.6 0.1 0.1 13.3 0.340 7.2 70.n +- 0.49
1050 7.719 3.183 0.0029n 91.4 0.1 0.2 25.1 0.154 23.5 61.37 +- 0.23
1200 6.923 26.19 0.010708 80.4 0.1 1.7 57.2 0.018 8.8 49.31 +- 0.45
FUSE 15.708 36.96 0.041n 37.7 0.0 2.4 20.7 0.013 0.4 52.87 +- 8.92

STYX7 25-3 HAWAIITE J =0.004700 Total gas age = 85.88 +- 0.45

500 54.12 0.5470 0.13601 25.7 0.1 0.0 0.1 0.895 1.3 114.48 +- 2.54
600 56.49 0.6056 0.11653 39.1 0.1 0.0 0.1 0.809 2.2 178.1 +- 1.9
700 36.27 0.4237 0.On01 41.3 0.1 0.0 0.1 1.16 4.0 122.78 +- 1.15
740 21.89 0.4465 0.03424 53.8 0.2 0.0 0.3 1.10 6.2 97.13 +- 0.71
800 12.407 0.4503 0.006085 85.5 0.3 0.0 1.9 1.09 10.6 87.77 +- 0.40
860 12.130 0.5463 0.005990 85.4 0.3 0.0 2.3 0.897 11.0 85.82 +. 0.39
950 11.759 0.6790 0.006112 84.7 0.3 0.0 2.8 0.n1 24.9 82.61 +- 0.30
1050 10.161 0.6503 0.002762 92.1 0.4 0.0 5.9 0.753 15.9 n.66 +- 0.30
1200 10.188 1.1533 0.003894 89.2 0.4 0.1 7.4 0.425 22.9 75.49 +- 0.27
FUSE 13.338 28.91 0.03167 45.6 0.3 1.9 22.9 0.017 1.0 51.85 +- 2.96

-._-------------------------------.-------------------.-------._.-----------------------------------
(a) Lambda E =0.581E-10/yr, Lambda B =4.692E-1O/yr. Errors are s.d. of analytical precision.
(b) Corrected for 37Ar and 39Ar decay, half-lives are 35.1 days and 259 years, respectively.
(c) Subscripts indicate radiogenic (R), calcium-derived (Ca), and potassium-derived (K) argon.
-----_.- .. _._._-----------------------------------_.-----------_.---------.---------.---------------
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Table 3.2 (continued).

Analytical Data for Incremental Heating Experiments on
Whole Rock Samples from Hess Rise and the Wentworth Seamount Chain.

124

_.. --------------.-------.--------------.---._-------.-------_.-------------------------------------
TEMP 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40ArR 40ArK 39ArCa 36ArCa K/Ca 39Ar APPARENT AGE (a)

(deg.C) (b) (b) (b) (c) (c) (c) (c) (X) (Ma)
-.----------- ... -.--.--- ... - .....-----------._._--_._.---._----------- .._---._._--_._.------.--- .._-
KK71 20-8-0 WR CORE J =0.005397 Total gas age = 84.95 +- 0.43

500 11.330 0.5645 0.004828 87.8 0.1 0.0 3.3 0.868 3.2 94.35 +- 0.74
600 9.021 0.2868 0.000566 98.3 0.1 0.0 14.2 1.71 10.5 84.39 +- 0.51
680 9.060 0.2739 0.000282 99.3 0.1 0.0 27.2 1.79 15.0 85.52 +- 0.50
740 9.116 0.3312 0.000344 99.1 0.1 0.0 27.0 1.48 17.8 85.92 +- 0.50
800 9.143 0.2837 0.000476 98.7 0.1 0.0 16.7 1.73 12.2 85.76 +- 0.51
860 9.163 0.2991 0.000629 98.2 0.1 0.0 13.3 1.64 8.5 85.55 +- 0.63
950 9.130 0.3988 0.000892 97.4 0.1 0.0 12.5 1.23 3.8 84.60 +- 0.65
1050 9.029 0.4371 0.000446 98.9 0.1 0.0 27.5 1.12 17.4 84.91 +- 0.50
1200 8.837 1.9681 0.002060 94.9 0.1 0.1 26.8 0.249 11.1 79.96 +- 0.49
FUSE 10.104 15.663 0.015352 67.9 0.1 1.1 28.6 0.031 0.5 66.29 +- 3.66

KK71 20-8-J WR CORE J =0.005397 Total gas age = 84.52 +- 0.43

450 17.283 0.7228 0.02536 56.9 0.0 0.0 0.8 0.678 0.7 93.41 +- 3.22
500 11.365 0.4718 0.008245 78.9 0.1 0.0 1.6 1.04 1.7 85.23 +- 1.38
600 9.905 0.3890 0.003993 88.4 0.1 0.0 2.7 1.26 1.0 83.28 +- 2.32
660 9.432 0.3214 0.002225 93.2 0.1 0.0 4.1 1.52 4.0 83.68 +- 0.74
no 9.292 0.2760 0.001313 96.0 0.1 0.0 5.9 1.78 9.7 84.85 +- 0.54
780 9.209 0.3214 0.000769 97.8 0.1 0.0 11.7 1.52 16.4 85.60 +- 0.51
850 9.310 0.3625 0.0008n 97.5 0.1 0.0 11.6 1.35 18.4 86.28 +- 0.51
930 9.244 0.3596 0.001009 97.0 0.1 0.0 10.0 1.36 12.9 85.30 +- 0.52
1020 9.119 0.4184 0.000892 97.4 0.1 0.0 13.2 1.17 15.3 84.51 +- 0.51
1120 9.027 0.5385 0.001302 96.2 0.1 0.0 11.6 0.910 14.1 82_62 +- 0.50
FUSE 9.443 3.912 0.005506 86.1 0.1 0.3 19.9 0.125 5.7 n.n +- 0.61

._----._--_ ..._---.--------------------.------.-.---_ ..----- .. -.... _- ...._---.-_._- .._------...._---
(a) Lambda E =0.581E-10/yr, Lambda B =4.692E-1O/yr. Errors are s.d. of analytical precision.
(b) Corrected for 37Ar and 39Ar decay, half-lives are 35.1 days and 259 years, respectively.
(c) Subscripts indicate radiogenic (R), calcium-derived (Ca), and potassium-derived (K) argon.
---_.._--._--.---------------._---- .._---_._---...._--.-.. _- ............. _-----_ ...._.--------_._---



Table 3.3. o
::r
til

Analytical Data for 40Ar/39Ar Laser Fusion Ages of Mineral Seperates '0
CDfrom Samples from a Seamount on the Wentworth Seamount Chain .,

-.- ..._--- ....-----_ ... -_.-------_.-._------------------------------------------------------------------------ ~

Sample Material 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40ArR 40ArK 39Arca 36Arca Age (a) Weighted Age :c
(b) (b) (b) (c) (C) (c) (c) (Ma) :t SD (d) (Ma) :t SO CD

en-.-----.--.- .. -.. --------.-----.-----------------------.-----------.---------._--.-----------------.-_.---- .. - en
til

1(1(71-20-8-E 11.107 5.Z40 0.002139 97.6 0.26 0.35 61.5 86.0 :t 0.5 86.8 :t 0.4 :3
0-

11.262 5.026 0.001776 98.4 0.Z5 0.34 71.0 87.9 :t 0.6
~Plagioclase 11.141 4.933 0.001670 98.6 0.26 0.33 74.1 87.1 :t 0.5 CD

J=0.00449 11.270 4.780 0.002069 97.5 0.25 0.32 58.0 87.1 :t 0.6 :3-11.077 5.022 0.001996 97.8 0.26 0.34 63.1 85.9 :t 0.7 :lE
0

4.278 0.002443 0.25
.,

11.490 96.2 0.29 44.0 86.7 :t 0.5 86.7 :t 0.4 -::rHornblende 11.456 4.Z75 0.002078 97.Z 0.25 0.29 51.6 87.3 :t 0.6
C)J=0.00444 11.385 4.258 0.002170 96.9 0.25 0.29 49.2 86.5 :t 0.5 CD

11.469 4.546 0.002329 96.7 0.25 0.31 49.0 87.0 :t 0.5 0

11.386 4.355 0.002277 96.7 0.25 0.29 48.0 86.3 :t 0.5 (')
::r

11.449 4.385 0.002436 96.3 0.25 0.Z9 45.2 86.5 :t 0.5 .,
0
:3
0

KK71-20-8-0 10.7T.! 5.663 0.001449 99.7 0.26 0.38 98.1 84.3 :t 1.3 86.5 :t 0.5 0"
en

10.863 6.095 0.002163 98.0 0.26 0.41 70.7 83.7:t 0.9 '<
Plagioclase 11.707 5.875 0.00Z037 98.3 0.24 0.39 n.4 90.3 :t 0.9
J=0.00444 10.900 5.927 0.001918 98.6 0.Z6 0.40 77.6 84.4 :t 1.0

10.890 6.345 0.002286 97.9 0.26 0.43 69.7 83.7:t 0.9
11.973 5.827 0.003201 95.5 0.24 0.39 45.7 89.7 :t 0.8

11.310 4.106 0.001766 97.8 0.25 0.28 58.4 86.7 t 0.6 85.3 :t 0.4
Hornblende 11.161 4.337 0.001878 97.7 0.26 0.29 58.0 85.5 t 0.5
J=0.00444 11.182 4.183 0.001924 97.4 0.25 0.28 54.6 85.5 :t 0.5

11.077 4.111 0.001990 97.2 0.26 0.Z8 51.8 84.5 :t 0.6
12.227 4.129 0.005374 89.3 0.Z3 0.28 19.3 85.6 :t 0.7
11.197 4.731 0.002506 96.3 0.25 0.32 47.4 84.6 :t 0.5

----------------_.--.-------._----._----_.--------------.-.--.--.--.---- .. --.---------------------------------
a: Ages were calculated using lamda E • 0.581x10·10yr-1, and lamda B • 4.962x10-1Oyr-1•
b: Corrected for 37Ar and 39Ar decay, 35.1 days and 259 years, respectively.
c: Subscripts indicate percent radiogenic (R), calcium-derived (Ca), and potassium-derived (K) argon.
d: Errors are estimates of the standard deviation of analytical precision, weighted ages are weighted by the

inverse of the variance•
. _---------.-----------------_._.--.--.---------------------------_._-------------------------.-----.--.------ -tv

VI
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Table 3.4.

Analytical Data for Incremental Heating
and Laser Fusion Experiments on Plagioclase from Southern Hess Rise.

-.-_.._---------.--------_.----------------.-.--------._.-------------._--------------------------_.
TEMP 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40ArR 40ArK 39Arca 36ArCa K/Ca 39Ar APPARENT AGE (a)

(deg.C) (b) (b) (b) (c) (c) (c) (c) (X) (Ma)
--------._._------------------------._-----.------.-.--------.-.---------.--------------._---------.
OM23·1922·08 PLAGIOCLASE J =0.004470 Total gas age = 85.63 +- 0.83

550 136.49 10.846 0.4496 3.3 0.0 0.7 0.6 0.045 7.4 36.11 +- 5.57
650 (lost) [ 2.n [220.7 +- 10.0]
720 13.162 17.490 0.011584 84.3 0.0 1.2 39.9 0.028 18.7 88.35 +- 1.07
800 12.539 16.601 0.009495 87.9 0.0 1.1 46.2 0.029 35.9 87.72 +- 0.71
880 13.482 15.334 0.013496 79.2 0.0 1.0 30.0 0.032 10.2 85.02 +- 1.78
960 12.623 14.567 0.011703 81.6 0.0 1.0 32.9 0.033 11.6 81.96 +- 1.59
1040 16.494 11.200 0.02755 55.9 0.0 0.8 10.7 0.043 5.7 73.41 +- 3.16
1200 22.51 10.440 0.04644 42.6 0.0 0.7 5.9 0.047 1.9 76.31 +- 9.44
FUSE 23.42 13.666 0.04665 45.7 0.0 0.9 7.7 0.036 5.9 85.01 +- 3.04

OM23-1922-08 PLAGIOCLASE J .. 0.004859 Total gas age = 83.80 +. 0.50

Heat iil 2W 308.7 2.680 1.0547 -0.9 0.0 0.2 0.1 0.183 1.6 -24.06 +. 11.88
Heat iil 4101 118.12 6.713 0.3961 1.3 0.0 0.5 0.5 0.073 1.9 13.97 +- 4.98

Fus1 10.839 15.391 0.006588 93.4 0.3 1.1 64.9 0.031 8.2 87.75 +- 0.76
Fus2 13.931 15.547 0.017016 72.8 0.2 1.1 25.4 0.031 5.5 87.76 +. 1.10

7W Degas 15.031 15.016 0.02222 64.3 0.2 1.1 18.8 0.032 7.6 83.67 +. 0.86
Fus3 10.833 16.051 0.006478 94.2 0.3 1.1 68.9 0.030 11.0 88.27 +. 0.61
Fus4 10.363 15.3n 0.005149 97.2 0.3 1.1 83.0 0.032 15.1 87.11 +- 0.49
FusS 10.453 14.304 0.005588 95.1 0.3 1.0 71.2 0.034 15.6 85.96 +- 0.48

7W Degas 10.717 16.476 0.006334 94.9 0.3 1.2 72.3 0.029 4.8 87.97 +. 1.22
Fus6 10.753 15.422 0.006351 94.0 0.3 1.1 67.5 0.031 12.4 87.44 +- 0.56
Fus7 10.560 15.469 0.005961 95.0 0.3 1.1 72.1 0.031 16.3 86.82 +- 0.48

OM23-1922-08 PLAGIOCLASE J =0.004859 Total gas age = 74.99 +. 0.65

TF1 (d) 22.32 7.872 0.05032 36.1 0.1 0.6 4.3 0.062 67.9 69.72 +- 0.69
H2 11.640 14.704 0.010217 84.2 0.3 1.0 40.0 0.033 17.0 84.74 +. 1.08
TF3 16.4n 15.227 0.02561 61.5 0.2 1.1 16.5 0.032 15.1 87.56 +- 1.24

OM23-1922 PLAGIOCLASE J =0.004856 Total gas age = 89.93 +- 0.66

4101 Degas 85.81 14.211 0.2691 8.7 0.0 1.0 1.5 0.034 6.2 64.57 +- 3.94
Fusl 11.074 14.c,s1 0.004757 97.4 0.3 1.0 82.2 0.035 22.5 93.03 +- 0.85
Fus2 10.856 13.940 0.004690 97.5 0.3 1.0 82.6 0.035 27.3 91.27 +. 0.72
Fus3 10.984 13.366 0.004726 97.0 0.3 0.9 78.6 0.036 18.8 91.83 +- 0.99
Fus4 10.891 15.132 0.005208 97.0 0.3 1.1 80.8 0.032 19.1 91.17 +- 0.98

Refuse 12.862 15.561 0.013095 79.6 0.3 1.1 33.0 0.031 6.0 88.47 +- 2.99

OM23-1922 PLAGIOCLASE J =0.004856 Total gas age = 89.53 +. 0.71

H1 (d) 19.756 14.017 0.03527 52.9 0.2 1.0 11.0 0.035 5.0 90.18 +- 4.12
H2 21.18 15.200 0.03991 50.1 0.2 1.1 10.6 0.032 18.1 91.54 +- 1.26
H3 24.00 14.488 0.05015 43.1 0.1 1.0 8.0 0.033 46.2 89.28 +- 0.81
H4 22.n 14.268 0.04619 45.1 0.1 1.0 8.6 0.034 30.7 88.60 +. 0.92

__________________________________ • ___________________ • ___________________ • _______ ._. ____________ a __

(a) Lambda E = 0.581E-10/yr, Lambda B =4.692E-1O/yr. Errors are s.d. of analytical precision.
eb) Corrected for 37Ar and 39Ar decay, half-lives are 35.1 days and 259 years, respectively.
(c) Subscripts indicate radiogenic eR), calcium-derived eCa), and potassium-derived eK) argon.
Cd) TF: total fusion. without any preheating or degassing of the plagioclase.
a ____ • ___ a_a ________________ .a ______________________ • __________ • __________________ a ___________ • _____
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Figure 3. I. Location of all sites of volcanism dated between 80 Ma and 100 Ma in the

north central Pacific Ocean (squares). Thin dotted lines are small circles, drawn 2°

apart, around the Late Cretaceous Pacific rotation pole of 36°N, 76°W [Epp, 1978]. Late

Cretaceous hot spot tracks should be parallel to these small circles; note that the

Wentworth trend deviates more than the Musicians, LiIiuokalani, and Line Islands trends.

Data sources: this chapter; Chapter 2; Winterer et aI. (in press); Lincoln et aI. (in press);

Mahoney, et aI. (in press); Schlanger et aI. (1984), and Pringle, unpublished data. Figure

drawn using GMT mapping utilities of Wessel and Smith [1991].
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Figure 3.2. Location and ages of volcanic rocks from Hess Rise and the Wentworth

Seamount Chain studied here. Large squares mark those sites for which reliable

4oAr/ 39Ar ages have been determined; small squares mark locations for which only

minimum 40Ar/39Ar or fossil ages are available. Thin dotted lines are small circles,

drawn I° apart, around the Late Cretaceous Pacific rotation pole of 36°N, 76°W. Figure

drawn using GMT mapping utilities of Wessel and Smith [1991].



Chapter 3. Hess and Wentworth Geochronology

(a) KK71 20-8-0 mugearite
2.4r--------------,

129

(b) KK71 20-B-J mugearite

-
8, 100
0 P ~ 85.4tO.5 Ma --7t ~ 85.3t 0.5 Ma--71
....- 90
cO L
~~

80 t=
,...

0 ......
a.a.

70
0

« 20 40 60 80 100 0 20 40 60

3~r released (cumulative %)

--o 1.8_-
!:2.
~ 1.2.

0.6
-- -----

-

80 100

Figure 3.3. 4oArj39Ar age spectra and K/Ca plots for two mugearite samples from an

unnamed seamount south of the Hawaiian Ridge at 26°27'N, I77°52'W. Individual

increment apparent ages are drawn 2 standard deviations high.
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along the Wentworth Seamount Chain. Individual increment apparent ages are drawn 2

standard deviations high.
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ABSTRACT

133

Most of the available age and geochemical data for five sites of Cretaceous

volcanism in the western Pacific can be modeled with two hot spot sources located in the

South Pacific Isotopic and Thermal Anomaly (SOPITA). The older hot spot (with a

HIMU geochemical signature) created ODP Site 800 and Himu Seamount in the Pigafetta

Basin 126-120 Ma, the Ratak chain in the Marshall Islands 90-80 Ma, and currently is

located near the island of Rurutu in the Austral Islands. The younger hot spot (with a

DUPAL geochemical signature) created Hemler Seamount 105 Ma, would have passed

through the western Marshall Islands 70-80 Ma, and currently is located near Raratonga

in the Austral-Cook Islands. However, the age determined for Erikub Seamount (87 Ma)

is not consistent with a model for the origin of the Ratak chain of the Marshall Islands

by a single, fixed hot spot. The age and geochemistry of the flow and sill complexes

recovered at Site 462A in the Nauru Basin (111 Ma) and Site 802A in the East Mariana

Basin (I 14 Ma) suggest an origin distinct from those of the Marshall Islands and

Magellan Seamounts. Both may be the result of rifting and extension related to the

formation of Ontong Java Plateau to the south, ca. 120 Ma, rather than from hot spot

volcanism associated with the SOPITA.
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INTRODUCTION

134

According to the hot spot hypothesis, linear island and seamount chains form as

the lithosphere moves over deep. essentially fixed, melting anomalies. Important

corollaries of the hot spot hypothesis are that volcanism along such a chain should show

an age progression, that the age progression can be used to determine the velocity of the

lithospheric plate upon which the chain is built, and that the geochemistry of the

erupted basalts gives us a window into the mantle source area of these melting

anomalies.

Morgan [l972aJ proposed that the Marshall-Gilbert-Ellice(Tuvalu)-Austral-Cook

island chain was one of four parallel hot spot tracks on the Pacific plate, although few

radiometric age data were available to actually test the hypothesis. Since 1972,

Dalrymple et al, [1975J. Duncan and McDougall [1976], and Turner and Jarrard [1982J

have investigated the complex geochronology of the Tertiary volcanics of the Austral

Cook island chains. Turner and Jarrard [1982] concluded that three hot spots are active

in the region, with their present day locations associated with Macdonald Seamount,

Rurutu Island, and Raratonga Island (Figure 4.1 a.). Ozima et al. [1971] presented ages

of four Cretaceous seamounts: Golden Dragon in the Magellan Seamounts and Lamont,

Scripps, and Wilde Seamounts in the vicinity of Wake Island. The ages of these

seamounts are consistent with an origin in the general vicinity of the present day

Austral-Cook chains, but are not reliable enough to be used for a precise test of the hot

spot hypothesis (see further discussion below).

This purpose of this chapter is to discuss constraints on the origin of the ten sites

of Cretaceous volcanism in the western Pacific for which both reliable ages and isotopic

analyses are available (Figure 4.1). The geochronology of seven of these sites is

discussed in detail. Although insufficient in number to allow a conclusive test of the

Cretaceous section of Morgan's proposed Marshall-Gilbert-Ellice(Tuvalu)-Austral-Cook

hot spot track. reliable ages on Hemler and Himu Seamounts in the Magellan Seamounts

[Smith et al., 1989J. on nearby sills drilled at ODP Site 800 in the Pigafetta Basin

[Pringle, in press], and on Ratak Guyot and Erikub Seamount in the Marshall Islands

[Davis et al., 1989J do allow a test of consistency with such a hypothesis. The available

isotopic data will be used to characterize the mantle source region for each of these sites

of volcanism. New age data on the sill and flow complexes found in the Nauru Basin
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[reported here for the first time] and the East Mariana Basin [Pringle, in press], in

conjunction with the available isotopic analyses, will allow us to determine whether or

not these Cretaceous complexes are more closely related to the seamount volcanism of

the Magellan Seamounts and Marshall Islands, or the flood basalt volcanism of the

Ontong Java Plateau [Mahoney and Spencer, 1991; Mahoney et ai, in press].

SITES STUDIED

Seven volcanic edifices in the Ratak chain of the Marshall Islands were surveyed

in 1984 by the U. S. Geological Survey (cruise L9-84-CP, Schwab et al., 1985, 1986).

The primary purpose of the cruise was to sample ferro-manganese crusts. Reefal

limestone, of probable early Eocene age (Davis et al., 1986), was the dominant lithology

recovered, but volcanic rock was recovered as cobble- and pebble-sized loose talus or as

clasts in phosphatized limestone breccias from four of the sites. Two of the sites,

Erikub Seamount and Ratak Guyot (Figure 4.1), yielded rocks suitable for K-Ar

geochronology.

Two adjacent seamounts in the Magellan Seamounts, Hemler Guyot and Himu

Seamount (Figure 4.1), were sampled in 1985 by Lamont-Doherty Geological

Observatory during a transoceanic cable survey (cruise R/V Conrad 2610). The two

seamounts were selected because Watts et al. [1980J thought one to have formed "on

ridge" and the other "off-ridge", thus a difference in age between the two seamounts

might be expected. Smith et al. [1989J agreed that the seamounts were different in age

but found that both had formed in an "off-ridge" environment: the older seamount

(Himu) has an elastic plate thickness (Te) of 10 km, while the younger seamount

(Hemler) has a T, of 15 km. One dredge from each seamount yielded material suitable

for K-Ar geochronology.

Although one of the principal goals of Ocean Drilling Program (ODP) Leg 129

was to recover Jurassic ocean crust, two of the three sites drilled terminated in the

Cretaceous sill and flow complexes which almost ubiquitously blanket the oldest portions

of the western Pacific [Lancelot, Larson et al., 1990J. Site 800A was drilled in the

northwest Pigafetta Basin, 80 km to the northeast of Himu Seamount (Figure 4.1). The

oldest sediments recovered were earliest Cretaceous in age, but the hole bottomed in

clearly intrusive, massive dolerite sills which were separated into three cooling units.
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Site 802 was drilled in the East Mariana Basin, 400 km west of Ita Mai Tai Guyot

(Figure 4.1). The oldest sediments recovered are younger than late Aptian, at least 40

m.y. younger than the magnetic age for the ocean crust. The hole terminated in fine

grained, aphyric pillow basalts and thin flows averaging 1.5m thick.

Deep Sea Drilling Project (DSDP) Site 462A in the central Nauru Basin (Figure

4.1) was also drilled on presumed Jurassic age ocean crust but bottomed in an extensive

late Cretaceous sill and flow complex at least 750 m thick [Moberly, Schlanger, et al.,

1986]. Although earliest Cretaceous sediments were recovered relatively high in the

section, these were interpreted to be reworked, and the oldest in-place sediments were

interpreted to be Hauterivian in age [Schaaf, 1986]. This interpretation was supported

by a very tenuous 4oAr/39Ar apparent age of about 130 Ma [Takigami et al., 1986],

found for only one of the steps of a clearly disturbed, incremental-heating age spectrum.

Evidence will be presented below that the Hauterivian sediments are also reworked, and

that the apparent 4oAr/S9Ar age of 130 Ma was incorrectly interpreted.

K-AR GEOCHRONOLOGY

The K-Ar clock has been widely applied to the dating of oceanic lavas, but

weathering in the submarine environment may invalidate several important assumptions

of the technique. During normal submarine weathering, both K-addition and radiogenic

40Ar loss will lower the apparent whole rock K-Ar age as low-temperature alteration

phases (clays, zeolites, phosphates, etc.) replace the original magmatic phases. Clague et

al, [1975] and Dalrymple and Clague [1976] found that 4oAr/39Ar total-fusion ages of

slightly altered Hawaiian basalts were a better estimate of the crystallization age than

conventional K-Ar ages of the same rocks. They attributed this effect to the

proportional loss of radiogenic 40Ar and K-derived s9Ar from those low-temperature

alteration phases. Little work has been done on the proper interpretation of 4oAr/S9Ar

total-fusion data from more disturbed whole rock samples, and no criteria have been

proposed to test if a sample is too altered for the total-fusion technique to yield an

accurate age. Lanphere and Dalrymple [1978] and Dalrymple et at. [l980J used

4oAr/S9Ar incremental-heating experiments to test the degree to which K-Ar

crystallization ages had been disturbed, and recommended a set of conservative criteria

to test whether or not a sample is too disturbed or altered to yield reliable, independent
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crystallization ages. These criteria are discussed in more detail in Chapter 2, and form

the basis of determining the reliability of the ages reported below.

The 4oAr/39Ar age determinations for the Cretaceous volcanism of the Marshall

Islands and Magellan Seamounts studied here are summarized in Table 4.1. Individual

age determinations for each of the sites are discussed below and shown in Tables 4.2

through 4.8. In general, the best age for each site is the weighted mean of the isochron

ages for each of the experiments discussed below. We prefer to use the isochron age as

the best estimate of each sample age because it (I) combines both an estimate of the

degree of internal discordance -- the scatter about the isochron line -- and an estimate

of analytical error in the final error estimate, and (2) makes no assumption about the

composition of the initial non-radiogenic argon component.

Sample Selection

For the Marshall Islands, two samples from each of Erikub Seamount and Ratak

Guyot were chosen through careful thin section examination as the most suitable for

whole rock analysis, even though all four exhibited some degree of alteration (see

criteria in Chapter 2; Mankinen and Dalrymple, 1972). Results from conventional K-Ar

analysis, 4oArj39Ar total-fusion, and .c°Ar/39Ar incremental-heating techniques were

compared to test the success of the various techniques in determining reliable

crystallization ages in spite of the alteration present. Additionally, HF and HCI acid

leaching techniques were compared to test their efficiencies in removing low

temperature alteration phases. HF is widely used on feldspar mineral separates to

remove glass and to reduce atmospheric argon contamination (c.f., Dalrymple and

Lanphere, 1969). Apparently, HF removes potassium and argon from feldspars in

proportional amounts. The HF treatment should not disturb the original K-Ar system of

the treated whole rock samples, because most of the original potassium resides in

feldspars. Warm HCI has been used successfully to remove cations from exchangeable

sites in low-temperature phases, with particular attention to Sr isotopic studies (c.f.

Staudigel et aI., 1991; Mahoney, 1987; Cheng et al., 1987). Warm HCI should have a

similar effect in removing the K and radiogenic Ar from low-temperature alteration

phases without affecting the K-Ar systematics of the original magmatic phases.
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For the Magellan Seamounts and Site 800A, all of the samples were too altered to

yield reliable whole rock ages and were not large enough to yield sufficient material for

conventional mineral separate ages. However, sufficient quantities of phenocryst phases

could be separated from some of the samples that, with careful acid cleaning, proved

suitable for 4oAr/39Ar total-fusion analysis. Two different lithologies from each site

were selected for mineral separation.

For the Himu Seamount samples, hornblende was recovered in sufficient

quantities (0.4-0.8 g) to allow analysis following fusion with an induction heater. For

the other sites, feldspar, nepheline, and hornblende were recovered in sufficient

quantities (0.1 -20 mg) to allow analysis by laser fusion with the GLM (Great Little

Machine, Dalrymple, 1989). For Site 800A, both samples were from the lowermost

cooling unit. Plagioclase was separated from sample 800A-61 R 1-17-24, representative

of most of the unit. Sample 800A-58R2-52-60, from the top of the unit, is similar but

also contains also contains small but significant amounts of apparently primary potassium

feldspar and hornblende as well as a trace of apparently secondary, fine-grained

actinolite and biotite. The ability, only recently attainable, to analyze samples as small

as 0.1 mg has enabled us to (J) determine ages for samples previously limited by

insufficient sample quantity and (2) achieve better precision than previously available

with much larger samples.

For the relatively aphyric East Mariana and Nauru basin basalts, two whole rock

samples were chosen at each site. For Site 462A, samples which met the criteria for

4oAr/39Ar whole rock incremental-heating [Chapter 2) were sampled from the lowermost

units in order to date the oldest volcanism of the Nauru Basin. Although the ship-based

scientific party assigned both samples to the same cooling unit, 21.3 m thick, I conclude

that they actually represent two separate cooling units (with at least one boundary

between cores 108Rl and 108R2). The deeper sample, 108R2, 4-9 em, is a

holocrystalline basalt with less than about 5% brown clay in a granular to intergranular

groundmass; the neighboring piece 12-16 em had a K20 content of 0.03%. The second

sample, 106R2, 54-61 em, is a fine-grained, granular dolerite with less than 5% brown

clay; a nearby piece 75-80 em had a K20 content of 0.19%. For Site 802A in the East

Mariana Basin, only the bottommost of 17 cooling units of relatively unaltered basalt was

coarse-grained enough for 4oAr/39Ar whole rock incremental-heating experiments.



Chapter 4. Marshalls and Magellans Geochronology

Analytical Techniques

139

Whole rock samples were prepared as 6 mm cores drilled from the freshest

sections of 1 em thick slabs. For the Marshall Islands study, several other splits were

also prepared. Untreated whole rock samples for 4oAr/S9Ar dating were similar to the 6

mm cores used for the other studies, A piece of each sample was then trimmed of the

most obviously altered material, crushed, and sieved. For an untreated split for

conventional K-Ar analysis, the 0.10-0.25 mm fraction was used. For an HF treatment,

a split of the 0.10-0.25 mm fraction was leached for 2-5 minutes with 5-10% HF

followed by 30 minutes with 14% HNOs, both in an ultrasonic bath. For an HCl

treatment, the 0.25-0.5 mm fraction was leached for 72 hours in warm 6N HCI.

Conventional heavy liquid and magnetic techniques were used to prepare pure

mineral separates, which were further cleaned with appropriate acids in an ultrasonic

bath. Feldspar was cleaned with cold 5-10% HF for 10 minutes followed by 30 minutes

in 2.5 or 6N HCI. Hornblende was cleaned with the 2.5 or 6N HCl only. Nepheline was

not cleaned in any acid, but carefully hand-picked of impurities. Finally, all samples

were rinsed and cleaned with distilled water in an ultrasonic bath for 15-30 minutes.

For conventional K-Ar analysis, splits for Ar were analyzed by isotope dilution

using methods described in Dalrymple and Lanphere [1969]. The Ar mass analyses were

performed on a computerized multiple collector mass spectrometer [Stacey et al., 1981].

Splits for K20 were pulverized to a fine powder and analyzed by flame photometry

according to the methods described by Ingamells [1970].

For 4oAr/S9Ar analyses, all samples were sealed in air in quartz vials and

irradiated for 24-30 hours in the core of the U.S.G.s. TRIGA reactor [Dalrymple et al.,

1981] or 60 hours in the H-5 facility of the Ford Nuclear Reactor at the University of

Michigan. Minerals for laser fusion were analyzed with the GLM following the

techniques described by Dalrymple [1989]. The whole rock samples for the East Mariana

and Nauru Basin studies were extracted as incremental-heating experiments using an all

metal resistance furnace and analyzed with an on-line Nier-type single-collector mass

spectrometer. The reactor flux, J, was measured with the sanidine monitor mineral

85G003 [Dalrymple and Duffield, 1988] using an age of 27.92 Ma.
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The whole rock samples for the Marshall Islands study and some of the

hornblende splits from the Magellan Seamounts study were extracted with standard

induction-heater techniques [Lanphere and Dalrymple, 1971; Dalrymple and Lanphere,

1971]. Both total-fusion and incremental-heating experiments were analyzed on the

multiple collector mass spectrometer also used for the conventional Ar mass analyses.

The reactor flux, J, for these samples was measured with the standard biotite SB-3 using

an age of 162.9 Ma.

All K-Ar and 4oAr/39Ar ages were calculated using the 40K decay and

abundance constants recommended by Steiger and Jager [1977]. Errors given for the

calculated ages of individual measurements are estimates of the standard deviation of

analytical precision. The conventional K-Ar errors were calculated using formulas

derived by differentiation of the isotope dilution and relevant age equations [Cox and

Dalrymple, 1967]. The "'°Ar/39Ar errors were calculated using formulas derived by

differentiation of the relevant age equations, similar to Dalrymple et al. [1981] except

that .the uncertainties in the mass discrimination, K- and Ca-derived correction factors,

and the half-life of 37Ar also were taken into account.

40Ar/39Ar incremental-heating and whole rock total-fusion data were reduced

both as age spectra and isochrons. "Plateau" ages were calculated as weighted means of

the included increments, where weighting is by the inverse of the estimated variance

[Taylor, 1982]. This allows age data of different quality to be combined without the

poorer data having a disproportionate effect on the result. However, this method of

weighting assumes that increments included in the "plateau" age calculation are from the

same sample population, which may not be the case for discordant experiments where

the error estimate would then be too small. Isochron ages were calculated using the

40Arj36Ar vs 39Ar/36Ar correlation and the York2 least-squares fit with correlated errors

[York, 1969]. We have found (Dalrymple et al., 1988] no significant difference between

this calculation and one based on the s6Ar/4oAr vs 39Ar/40Ar correlation.

Marshall Islands Results

40ArjS9Ar total-fusion data for the four whole rock samples from Erikub

Seamount and Ratak Guyot are listed in Table 4.2. Figure 4.2 summarizes these results

as the discordance between each of the these ages and the best age estimate for that
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particular seamount (discussed below). As expected, all of the conventional K-Ar results

are significantly younger than the best age estimates. The results from the untreated

whole rock samples are much younger than those obtained by both acid-treated and

4oAr/39Ar techniques. Both acid treatments are able to increase the apparent K-Ar ages

with respect to those of the untreated samples. However, all of the acid-treated

conventional K-Ar ages are still significantly younger than the best age estimates, 5-50%

too young for the HF treated samples and 7-9% too young for the HCI treated samples.

Thus, whole-rock conventional K-Ar ages of acid-treated splits of altered samples must

still be considered minimum age estimates.

Also as expected, the 4oAr/ 39Ar total-fusion ages are a much better estimate of

crystallization age. All of the total-fusion ages, including those from the untreated

whole rock cores, are within 10% of the best age estimate (Figure 4.2). In contrast to

the conventional K-Ar results, the total-fusion ages can be either too young or too old

and cannot be considered minimum age estimates. If 10% accuracy is sufficient,

4oAr/39Ar total-fusion ages of only partially altered samples may provide reasonable age

estimates.

40Ar/39Ar incremental experiments were run on untreated whole rock cores from

all four samples, and on the HF and HCI treated splits from the least altered samples

(06-1 and 018-5) from Erikub and Ratak (Figures 4.3 and 4.4, respectively). The

results from these experiments are listed in Table 4.3 and summarized in Table 4.4.

None of these experiments meet all of the criteria describing undisturbed incremental

heating data [Chapter 2; Lanphere and Dalrymple, 1978; Dalrymple et al., 1980}. Even

the best experiments yielded slightly discordant age spectra. All of the experiments

shown in Figures 4.3 and 4.4 exhibit a decreasing stepwise pattern in both the K/Ca and

apparent age plots. Such patterns, commonly observed in samples with fine-grained,

altered groundmass, have been attributed to irradiation-induced 39Ar redistribution [e.g.

Fleck et al., 1977}: 39Ar recoils out of high-K, low-temperature phases into low-K,

high-temperature phases, resulting in high apparent ages for the low-temperature steps

and low apparent ages for the high-temperature steps. This discordance is also seen in

the isochron calculations, Table 4.4. All of the SUMS/N-2 (the Fvvariate statistic for

the York2 regression) are greater than 4, indicating error greater than would be expected

from the analytical precision alone.
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All but one of the experiments yielded a 4oAr/36Ar intercept significantly

different from the atmospheric ratio of 295.5. This can be attributed either to (I) an

initial trapped argon component that was partially mantle-derived, or (2) an artifact of

the experimental process. Because there is evidence that these samples erupted at or

near sea level and are relatively holocrystalline with no mantle-derived phenocrysts,

there is no reason to believe that the initial argon component was not atmospheric.

Therefore, the non-atmospheric intercept of the isochrons is an artifact of the 4oAr/39Ar

experiment and has no geological meaning other than to further indicate the disturbed

nature of these samples.

For altered samples, low-temperature steps of incremental-heating experiments

tend to have higher amounts of atmospheric argon. For example, note that the plateau

steps for samples 6-1 WR Core, 6-1 WR HF, and 18-5 WR Core all have increasing

4oAr/36Ar ratios with increasing temperature (Table 4.3). Lanphere and Dalrymple

[1978] described how low-temperature steps with low apparent ages (because of 40Ar

loss) will rotate the isochron to a greater slope and lower intercept. This results in an

isochron age higher than the plateau age and an intercept lower than the atmospheric

value. The opposite effect is observed in this study. Low-temperature steps with high

apparent ages (because of 39Ar loss due to recoil) have rotated the isochron to a lower

slope and higher intercept. This results in an isochron age lower than the plateau age'

and a 4oArjS6Ar intercept higher than the atmospheric value. Note that there are no

independent criteria to chose whether the isochron or plateau age is a better estimate of

the crystallization age; for example, the plateau age could easily be too old because of

39Ar recoil loss. Therefore, the discordance of the isochron and plateau age and the

discordance of the 4oArjS6Ar intercept and the atmospheric ratio can be used as an

indication that the sample is too disturbed to yield a reliable crystallization age.

The age spectra for the untreated samples D6-1 (Figure 4.3 b.) and D18-5

(Figure 4.4 a.) contain low-temperature steps with low apparent ages. presumably the

result of radiogenic 40Ar loss and/or K addition during alteration. The absence of the

low-temperature/low age steps in the age spectra for the acid treated splits of those

samples, also shown in Figures 4.3 and 4.4 respectively, suggests that the acid treatments

were effective in eliminating the reduction in apparent age associated with alteration.

However, neither treatment was able to remove the effects associated with irradiation

induced 39Ar redistribution. To differentiate between 39Ar internal redistribution and
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39Ar loss out of the sample, a whole rock 4oAr/39Ar total-fusion isochron for each

seamount was calculated (Table 4.4 and Figure 4.5). Samples where 39Ar recoil resulted

primarily in internal 39Ar redistribution should form a concordant isochron for that

seamount. Samples where 39Ar recoil resulted in significant 39Ar loss will fall to the left

of the isochron and have a high apparent total-fusion age (e.g. 18-5 HCI, Figure 4.5 b.),

Samples where the radiogenic 40Ar loss (either during alteration or the experimental

process) is greater than the total 39Ar loss (during the analytical process) will fall below

the isochron and have a low apparent total-fusion age (e.g. 6-16 WR, Figure 4.5 a.),

The advantage of the total-fusion isochron calculation is threefold: (I) the concordance

of the whole set of total-fusion data can be tested using the SUMS/N-2 test of excess

scatter about the isochron, (2) no assumption of the composition of the trapped argon

component is necessary and the calculated composition can be compared with the

atmospheric value of 295.5 for a second test of concordance, and (3) the error estimate

of the calculated age is based on both the dispersion about the isochron and the

analytical precision of the individual data points. The total-fusion isochron calculations

and the incremental-heating experiments described above will be used to arrive at the

best age estimate for each of these seamounts.

For Erikub Seamount, the incremental-heating experiment on the HCI treated

split (D6-1) provides the most concordant age estimate. The age plateau (Figure 4.3 d.)

includes 5 steps with 76.6% of the 39Ar released, the 4oAr/36Ar intercept from the

isochron calculation is within 2 sigma of the atmospheric ratio, and the plateau and

isochron ages are concordant. The isochron age of 87.3 ~ 0.6 Ma is preferred as the best

age estimate for Erikub Seamount because it includes no assumption of the composition

of the trapped argon component and because the error estimate includes a measure of

the excess scatter about the isochron. Although the SUMS/N-2 value of 6.57 indicates

scatter about the isochron in excess of that expected from experimental error, other

results support this age estimate. Two other incremental-heating experiments of sample

D6-1 both have apparent isochron ages similar to, but slightly lower than, the preferred

age. This is the result of 4oAr/36Ar intercepts that are significantly higher than the

atmospheric ratio of 295.5 (Table 4.4). The whole rock total-fusion isochron (Table 4.4

and Figure 4.5 a.) is concordant with the preferred age but has larger associated errors,

as is indicated by the SUMS/N-2 of 8.80.
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Incremental-heating experiments on samples from Ratak Guyot show age spectra

more disturbed than those from Erikub Seamount (Figure 4.4). For Ratak Guyot. the

whole rock total-fusion data provides the best age estimate (Table 4.4 and Figure 4.5).

Using either three or four data provides similar age estimates and well-defined isochrons

with SUMS/N-2 both less than one. Most significantly, the weighted total-fusion ages

are concordant with the ages calculated from the isochrons. However, the 4oAr/36Ar

intercept of both isochron treatments is slightly higher than, and significantly different

from, the atmospheric ratio of 295.5. This causes the calculated weighted total-fusion

data to be too old and the calculated isochron age to be too young because of 39Ar recoil

loss. The actual age must lie in between. Thus, the preferred age is the average and

standard deviation of the isochron and weighted total-fusion ages, and the four point

example is chosen because it includes the most data. The preferred age estimate for

Ratak Guyot is therefore 82.2 ± 1.6 Ma.

The whole rock total-fusion isochron analysis also provides an important insight

into how a discordant total-fusion age can deviate from the preferred age estimate.

From the conventional K-Ar results, it appeared that the three splits from sample 018-5

would provide more concordant age information than those from sample 018-1.

However, all three incremental-heating experiments on D18-5 showed relatively

disturbed age spectra (Figure 4.4), and little age information could be derived from the

incremental-heating data. Only the HF treated split has been included in the total

fusion isochron from which the preferred age estimate for Ratak Guyot is derived. The

total-fusion age of 82.4 ± 0.6 Ma for the HF treated split is nearly indentical with the

preferred age, in spite of the severe discordance seen in the age spectrum that has been

attributed to 39Ar recoil effects (Figure 4.4 c.). Therefore, for that split, the

irradiation-induced 39Ar recoil must have resulted almost entirely in internal 39Ar

redistribution and no K-derived 39Ar has been lost in excess of any radiogenic 40Ar lost.

On Figure 4.5 a., the total-fusion age of 78.2 ± 0.5 Ma from the untreated core

of sample 6-16 plots below the isochron and is significantly lower than the preferred age

for Erikub Seamount. This discordance can be attributed to radiogenic 40Ar loss in

excess of any 39Ar loss, but is not readily apparent in the low-temperature steps of the

age spectrum (Figure 4.3 a.). The total-fusion age of 90.6 ± 0.6 Ma for the HCI treated

split of sample 18-5 is significantly higher than the preferred age for Ratak Guyot, and

also plots to the left of isochron in Figure 4.5 b. This discordance can be attributed to
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39Ar loss in excess of any radiogenic 40Ar loss, and can best be seen in the anomalously

old low-temperature steps in the age spectrum (Figure 4.4 d.). For this split, the first

20% of the 39Ar released yielded an integrated apparent age of 110 Ma, 34% higher than

the preferred age.

Magellan Seamounts Results

The results from the two Magellan seamounts and ODP Site SOOA are listed in

Table 4.5 and 4.6, respectively. The best age estimates for these seamounts and sills are

based on multiple 4oAr/39Ar total-fusion analyses of carefully cleaned phenocryst phases

separated from two different lithologies at each site.

For Himu Seamount, Smith et al. [1989] reported an age of 119.6 ± 0.6 Ma based

on three induction-furnace total-fusion ages of hornblende from two samples and six

laser fusion analyses on plagioclase from one of those samples (Table 4.5). Fourteen new

laser fusion analyses on the hornblende from both rocks are reported here (also Table

4.5). The best age estimate is the weighted age of all these analyses, 120.2 ± 0.4 Ma,

For Hemler Seamount, Smith et al, [23], reported an age of 100.1 ± 0.5 based on

apparently concordant laser fusion analyses on feldspar and nepheline separates from two

different rocks. However, further laser fusion analyses on the feldspar (Table 4.5) lead

us to conclude that the ages of the two rocks are distinct, 105.0 ± 1.5 for the feldspar

and 99.4 ± 0.5 for the nepheline. This is interpreted to indicate inception of volcanism

on Hemler no later than 105 Ma, continuing for at least 5 m.y.

For Site 800, two 4oAr/39Ar experiments were done. The first was a laser

incremental-heating experiment conducted on the K-feldspar from 800A 52R2 52-60

using a defocussed laser beam (Table 4.6). It revealed a concordant high-temperature

plateau over almost 80% of the gas released (Figure 4.6 a.); the isochron analysis was also

concordant (Figure 4.6 c.; Table 4.1). The second was a series of mineral laser fusion

analyses conducted on plagioclase from 61RI 17-24 and on plagioclase, K-feldspar, and

hornblende from 52R2 52-60 (Table 2). The isochron with all of the feldspar laser

fusion data (n=20) is shown in Figure 4.6 b.). Note that the F variate statistic for the

isochron, 2.16, is slightly greater than would be expected from analytical error alone,

this extra scatter is included in the calculation of the estimate of the reported error in

age. The hornblende apparent ages were slightly younger than the rest of the mineral
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data (ca. 125 Ma) and had significantly lower radiogenic 40Ar compositions (Table 2),

apparently because of a small amount of secondary actinolite that could not be easily

separated from the hornblende. Inclusion of these data in the isochron analysis results in

a slightly higher isochron age and lower initial 4oAr/36Ar intercept, similar to the

example given by Lanphere and Dalrymple [J978]. Their conclusion not to include such

data in the final age analysis is followed here. The best age for the Site 800A dolerite

sills is the weighted mean age of these two experiments, 126.1 ± 0.6 Ma.

East Mariana and Nauru Basin Results

Four whole rock incremental-heating experiments were done on the two samples

from Site 462A in the Nauru Basin (Table 4.7). All showed argon redistribution profiles

like those described above. Each experiment was concordant according to the criteria

described in Dalrymple et al. [1980] and Chapter 2, with the plateaus including ca. 85,

90, 95, and 75 % of the 39Ar released. The best age for the bottom of the flow and sill

complex at Site 462A is the weighted mean age of the isochron ages, 1]0.8 ± 1.0 Ma.

This is significantly younger than the Hauterivian age reported by Shaaf []986], and

leads to the conclusion that the Hauterivian fauna also has been reworked. This new age

is significantly different from the previous 4oAr/39Ar apparent age of 130 Ma [Takigami

et al., 1986], and emphasizes the danger (folly?) of trying to interpret the crystallization

age of a basalt from a single step of a discordant incremental-heating experiment.

Three whole rock incremental-heating experiments were done on the two samples

from Site 802A in the East Mariana Basin (Table 4.8). All showed argon redistribution

profiles like those described above. Each experiment was concordant according to the

criteria described in Dalrymple et al. [1980] and Chapter 2, with the plateaus including

ca. 80, 100, and 90% of the 39Ar released. The best age for the flow from Site 802A is

the weighted mean age of the isochron ages, ] 14.3 ± 3.2 Ma.

Other Results

Apparent ages for three seamounts in the Marcus-Wake group -- Wilde, Lamont,

and Scripps -- were reported by Ozima et al. [1977]. Each is based on isochron analysis

of a single, whole rock 4oAr/39Ar incremental-heating experiment. However, we

disagree with Ozima et at. [1977] that these experiments yielded reliable ages. Two of

the three experiments yielded an isochron 4oAr/36Ar intercept significantly different
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from the atmospheric ratio. It was shown above that a non-atmospheric isochron

intercept can be an artifact of the 40Ar/ 39Ar experimental process and have no

geological meaning other than to indicate the disturbed nature of the K-Ar system for

that sample. Also, due to a mistake in Brooks et al. [1972], several authors, including

Ozima et al. [1977], were led to use (SUMS/(N-2»1/2 instead of SUMS/(N-2) as the F

variate statistic for the York2 regression. Thus, for the samples from Wilde, Scripps,

and Lamont Seamounts, instead of apparently concordant isochrons, (SUMS/(N-2)1!2 less

than 3, all three isochrons are discordant, with SUMS/(N-2) greater than 7. This is

significantly greater than the 95% confidence level F-variate critical value of 2.37 for

isochrons calculated with 6 data points.

In both Chapter 2 and above it was shown that individual whole rock 40Ar /39Ar

ages of even concordant experiments can be either too young or too old by as much as

]0%, and more altered samples show even greater discordance. Thus, although the

Ozima et al. [1977] apparent ages for Wilde, Lamont, and Scripps seamounts can be used

to confirm that these seamounts are indeed Cretaceous in age, the data are not accurate

enough to allow the backtracked reconstructions discussed below for the more reliably

dated seamounts.

DISCUSSION AND INTERPRETATION

Cretaceous Hot spot tracks

Ages of 80-95 Ma are expected for volcanic edifices in the northern Ratak chain

[Epp, 1978; Duncan and Clague, 1985; and Henderson, 1985]. However, ages should

decrease to the south, contrary to the results reported here with Erikub Seamount being

ca. 5 m.y. older than Ratak Guyot. Assuming that both seamounts formed over a single

hot spot and the plate velocity model discussed in Chapter 2, then Ratak Guyot should

be 12 m.y. older than Erikub Seamount. Thus, there is a ca. 17 m.y. age discrepancy

between these results and those predicted by a single hot spot model.

The more alkalic samples from Ratak Guyot could represent a later stage in the

evolution of the edifice than those from Erikub Seamount. For example, while

Hawaiian shield volcanism lasts only about 105 yr, Hawaiian posterosional volcanism can

occur up to 5 m.y. later [Clague and Dalrymple, 1988]. Age data for Jasper Seamount
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[Pringle et al., 1991], the Caroline islands [Mattey, 1982J and the Austral-Cook islands

[Dalrymple et al., 1975] suggest that the shield, postshield, and rejuvenated stages and

the hiatus between each stage may be even longer for other seamounts in the Pacific

Basin. The lack of a continuous sample suite from shield to rejuvenated stage for the

two Marshall Island volcanoes studied does not completely rule out a single hot spot

origin for these two seamounts. More detailed sampling and dating of edifices in older

seamount and island chains may be required to test for age progressive trends. In any

case, the existing age data for the two Marshall Island volcanoes studied here are not yet

consistent with a simple hot spot model.

It was not expected that the two Magellan Seamounts studied here could have

originated at a single hot spot. Separated by only 200 km, both the two-dimensional

gravity models of Watts et al. [1980] and the three-dimensional models of Smith et al.

[1989] predicted an age difference of 20-30 m.y. The age difference of 20 m.y. found

in this study confirms these predictions. Ages of 100-120 Ma are in the general range

predicted by plate rotation models. However, because there are no documented hot spot

tracks of this age on the Pacific plate and because the Mesozoic magnetic lineations are

older than about 120 Ma, the plate velocity of the Early Cretaceous Pacific plate is even

more poorly defined than that for the Late Cretaceous. Plate rotation models of the

Pacific plate for the Early Cretaceous predict a west to east general rotation, but these

predictions are based on the trend of Cretaceous volcanism in the Mid-Pacific

Mountains and other seamounts of the western Pacific, dated principally by paleontology

as minimum ages [Hamilton, 1956; Menard, 1964; Duncan and Clague. 1985; and

Henderson, 1985J.

Model hot spot tracks from sites of Cretaceous volcanism can be calculated from

(l) the age and location of each of those sites, and (2) stage poles for Pacific plate

motion. If the 126 Ma sills at Site 800A and the 120 Ma Himu Seamount were formed

over a hot spot, it would have traveled through the Ratak chain of the Marshall Islands

80-90 Ma. Geochemical evidence to support such a hypothesis is discussed in the next

section. A hot spot which created Hemler Seamount at 105 Ma would have traveled

through the western Marshall Islands ca. 80-70 Ma. While there is geochronological

evidence of such volcanism at Eniwetok Atoll and several other seamounts in the western

Marshall Islands [Pringle, unpubl. data, Lincoln et aI., in press], there is no geochemical

data yet available to support this hypothesis. Obviously, a much more extensive sample
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collection is necessary to document different hot spot tracks and more definitively

determine the velocity of the Pacific plate for this time period.

Present Day Locations of the Cretaceous hot spots

149

The present day locations of the melting anomalies (or hot spots) which formed

the seamounts and flow complexes of this study may also be reconstructed from the ages

of the seamount samples and the stage poles for Pacific plate motion (Figure 4.9).

Additionally, the error in such reconstructions may be estimated from the error in each

of these inputs.

Plate motions are poorly known for the pre-Tertiary Pacific plate. For the

period 82-70 Ma, no hot spot tracks have been dated which provide quantitative

constraints on Pacific plate motion. For the period older than 96 Ma, not only are there

no documented hot spot tracks, but there are no seafloor magnetic anomalies during the

Cretaceous normal polarity superchron and there are very few magnetic inversions of

well-dated seamounts older than 96 Ma. If the plate motions themselves are only poorly

known, then the uncertainties in plate motion also are difficult to quantify. By

calculating two independent paths for the only two plate motion models that include

stage poles back to 150 Ma [Duncan and Clague, 1985; Henderson, 1985], some estimate

of the error can be made.

The largest error in backtracking a seamount to its hypothetical hot spot may not

corne from the accuracy of the determined age or stage rotation poles, but in the

unknown duration of volcanism at a given oceanic volcano. As previously discussed,

Pacific intraplate volcanism can last for significantly more than 5 m.y, at any particular

seamount. Since, in active volcanic chains, the hot spot is usually assumed to be located

at the initiation of volcanism beneath the youngest volcano, an unfortunate choice of

sample from an ancient seamount may provide an age that can be significantly more

than 5 m.y, younger than the hot spot trace. Analyzing multiple samples, especially

multiple lithologies, for each seamount is a partial solution, but the limited nature of

dredged samples still leaves margin for error.

After Smith et al. [1989], we have reconstructed the present day locations of the

melting anomalies which formed the volcanism at five of the sites of Cretaceous

volcanism studied here (Figure 4.10). Qualitative error ellipses were calculated from six
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individually reconstructed positions, based on the six permutations of the two available

plate motion models and three ages, the best age and an arbitrarily assigned age span of

± 5 m.y, The actual present-day hot spot location at which any of the studied seamounts

were formed should fall within these ellipses. The locations most probably fall within

the eastern portion of the ellipses, because of the tendency of dredged samples to sample

later stages of seamount volcanism.

The sizes of the ellipses in Figure 4.10 show how difficult it is to unequivocally

assign each seamount to a particular Recent hot spot. However, it is quite clear that the

backtracked locations of the hot spots which formed these Cretaceous volcanoes are

within the region of what Smith et al. [1989] and Staudigel et al. [1991] have called the

South Pacific Isotopic and Thermal anomaly (SOPITA). All of the locations are less than

200 km from the axis of the Austral-Cook island chain, which itself is 250 km wide.

The present day positions of the hot spots which formed Site 800, Himu, and Ratak

cluster close to Rurutu, and the Hemler hot spot falls close to Raratonga. The

backtracked position of the Erikub hot spot comes to within 2° of Rurutu as well,

although it could also fall 4° southwest of Macdonald hot spot. Even though the precise

locations of the seamount hot spots are not very well constrained, the correlation

between the Cretaceous seamounts in the Western Pacific and the active volcanoes in the

Austral-Cook chain seems reasonable within the limitations of the presently known plate

rotation models.

SOPITA Geochemical Affinities

Other evidence also suggests a link between the Cretaceous seamounts studied

and hot spots active in the south Pacific today. Recently, it has become clear that there

are a variety of unusual geochemical and geophysical characteristics of the present-day

South Pacific. These include a large number of active volcanoes (Figure 2.1), radiogenic

isotopic signatures of ocean island basalts [Dupre and Allegre, 1983; Hart, 1984; Vidal et

al., 1984; Duncan et al., 1986; Palacz and Saunders, 1986; Wright and White, 1986;
"

Dupuy et aI., 1987; Nakamura and Tatsumoto, 1988], trace element anomalies in ocean

island basalts [Palacz and Saunders, 1986; Dupuy et aI., 1988; Saunders, et al., 1988],

anomalously shallow sea floor [Cochran, 1986; McNutt and Fisher, 1987], low elastic

strength of the lithosphere [Calmant and Cazenave, 1987], linear gravity anomalies

possibly indicating small scale convection in the mantle [Haxby and Weisel, 1986], and



Chapter 4. Marshalls and Magellans Geochronology 151

slow seismic velocities in the mantle [Dziewonski and Woodhouse, 1987; Nishimura and

Forsyth, 1985]. The area includes the Pacific section of the Dupal anomaly of Hart

[1984] and the Superswell of McNutt and Fisher [1987]. Generally, the geochemical

anomalies are indicative of heterogeneous, long-term enrichments in the source areas of

the ocean island basalts, and the geophysical anomalies are indicative of a warmer mantle

and high heat transfer into the lithosphere.

Staudigel et al, [1991] and Smith et al. [1989] have named this anomalous region

the South Pacific Isotopic and Thermal Anomaly (SOPITA), and concluded that the

SOPITA has existed for at least 120 m.y.; the data from Site 800 led Pringle [in press] to

extend this back to at least 126 Ma. Smith et al. [l989J concluded that Hemler and

Himu seamounts exhibit the same elastic thickness and depth anomalies that are observed

at young volcanoes in French Polynesia today. Note that these are the only two of the

anomalous geophysical characteristics of the present day SOPITA that could be observed

for ancient seamounts. Staudigel et al. [1991], Smith et al. [1989], and Davis et a!. [l989J

described the geochemical similarities between the Magellan Seamounts and the Marshall

Islands and islands in the Austral-Cook chain. The data which suggest that the same

distinctive mantle sources formed both the Tertiary volcanics of the Austral-Cook chain

and the Cretaceous volcanics in the western Pacific are summarized below.

The top of Figure 4.11 plots the Sr and Pb isotopic ratios of samples from the

present day SOPITA volcanoes, while to bottom of Figure 4.1 I plots the fields for all the

Cretaceous Pacific volcanism for which data are available. Also shown are the

compositions of four hypothetical mantle components from Zindler and-Hart [1986]:

depleted MORB mantle (DMM), enriched mantle I (EMI), enriched mantle II (EMIl),

and high (HIMU). The present day SOPITA data covers a large range of compositions

ranging from EMIl to HIMU. Basalts from the SOPITA region exceed 90% of the entire

range of 87Srj 86Sr and 206Pbj2o4Pb, and 60% of the entire range of 143Ndjl44Nd,

observed in all oceanic basalts. Two of the four mantle components are actually defined

by basalts from the SOPITA area: the most extreme EMIl and HIMU end member

compositions occur in basalts from Samoa and Mangaia, respectively. Not only is the

whole region anomalous, but the range of data from individual island groups may exceed

50% of the entire range of Sr and Pb isotopes in oceanic basalts, confirming that even

locally the SOPITA sources are generally more heterogeneous and contain more extreme

isotopic compositions than other oceanic island and seamount basalts.
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The samples from Site 800, Himu Seamount, Ratak Guyot, and Erikub Seamount

are identical to the HIMU component in terms of their Sr isotopes, and display a

significant range in Pb isotopic composition that essentially overlaps with the range of

Rurutu in the Austral-Cook Islands (Figure 4.11). Distinctive trace element ratios also

confirm the similarity between the sources of these Cretaceous basalts and more recent

HIMU basalts. For example, all of the Cretaceous HIMU basalts for which trace

element data exists [Davis et al., 1989; Floyd et al., in press] have low Ba/Nb (ca. 6,

Figure 4.12). Low BajNb ratios also are found in other HIMU basalts, such as those

from Mangaia and Tubauii in the Austral-Cook Islands and St. Helena in the South

Atlantic. The similarity between the isotopic and trace element signatures of these

Cretaceous basalts and basalts from the Austral-Cook Islands, especially Rurutu, supports

the validity of the plate reconstructions which place the Himu and Ratak hot spot near

the present-day location of Rurutu, and suggests that Erikub Seamount may have formed

from similar sources.

Figure 4.11 also shows that the samples from Hemler Seamount are similar to

samples from Samoa, Marquesses, and the Society Islands. The composition of all of

these basalts stretches toward the enriched mantle composition EMIl, l.e. very radiogenic

Sr and intermediate Nd and Pb isotopic compositions. All of these samples are

indicative of what Hart [1984] called the DUPAL anomaly, and all plot above the

Northern Hemisphere Reference Line in 207Pbj206Pb and 208PbP06Pb space (not shown,

Hart, 1984; Staudigel et al., 1991). The present day position of the hot spot which

formed Hemler Seamount falls close to Raratonga in the Austral-Cook Islands (Figure

4.] 0), which also has basalts with isotopic compositions indicative of enriched mantle.

Although the Raratonga field suggests mixing toward EMI (more intermediate Sr

isotopes) rather than EMIl, this may still be consistent with Hemler belonging to the

same hot spot track, since it may be more indicative of a vertical zonation in the mantle

source area, i.e. plume [Staudigel et aI., ]99]].

Basin Basalt Volcanism

The age of 1]4.6 ± 3.2 Ma for the East Mariana Basin basalts recovered at Site

802 is indistinguishable from the] 10.8 ± 1.0 Ma age for the Nauru Basin basalts

recovered at the bottom of Site 462A. The geochemistry of the basalts of the two

provinces are similar, with major and trace element compositions showing a MORB
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affinity, but very different than the alkalic seamount volcanism discussed above [Castillo

et al., 1985; Castillo et al, 1991; Floyd et aI., in press]. Also, although the isotopic

signature of these basin basalts suggests some contribution from an ocean island basalt

(OlB) source (Figure 4.11), this signature is distinct from those found for the Cretaceous

SOPITA volcanos discussed above, but is similar to those found for the Ontong Java and

Manihiki plateaus to the south. We suggest that both the Nauru and East Mariana Basins

are the result of rifting and extension related to the formation of Ontong Java plateau

ca. 120 Ma, perhaps analogous to the dynamic relationship between the North Hawaiian

Arch Flow and the Hawaiian hot spot [c.f., Clague et aI., 1990].

Figure 4.9 shows that the backtracked locations of the melting anomalies which

formed both the East Mariana and Nauru Basin basalts and the Ontong Java Plateau are

significantly further south and east of the modern SOPITA. There is no modern

expression of the melting anomalies which formed the East Mariana and Nauru Basin

complexes, and even if the Louisville Ridge is a hot spot track originating at the Ontong

Java Plateau, it is no longer a major focus of basaltic volcanism. This may indicate that

the geographic extent of the SOPITA was much greater during the Cretaceous than

today, and that the mantle source compositions of the Cretaceous SOPITA were more

diverse than suggested by Staudigel et aI. [199IJ. However, I prefer the alternative

interpretation that the Ontong Java Plateau, East Mariana Basin, and Nauru Basin basalt

provinces did not have the same origin in the SOPITA as other Cretaceous seamount

provinces found in the western Pacific today.

CONCLUSIONS

Ages of 126.1 ± 0.6 Ma for ODP Site 800; 120.4 ± 0.4 Ma for Himu Seamount

and 105.0 ± 1.5 Ma for Hemler Seamount in the Magellan Seamounts; and 82.2 ± 1.6 Ma

for Ratak Guyot and 87.3 ± 0.6 Ma for Erikub Seamount in the Marshall Islands are all

within the range predicted by plate rotation models with a source located in the present

day Austral-Cook Islands. A simple two hot spot model fits most of the available age

and geochemical data. The older hot spot (with a HIMU geochemical signature) created

Himu Seamount at 120 Ma, the Ratak chain in the Marshall Islands 90-80 Ma, and

currently is located near the island of Rurutu in the Austral Islands. The younger hot

spot (with a DUPAL geochemical signature) created Hemler at 105 Ma, would have

created some of the western Marshall Islands 80-70 Ma, and currently is located near



Chapter 4. Marshalls and Magellans Geochronology

Raratonga in the Austral-Cook Islands. However, the age determined for Erikub

Seamount is not consistent with a model for the origin of the Ratak chain of the

Marshall Islands by a single, fixed hot spot. The sample collection is not extensive

enough to more specifically identify any particular hot spot track for the Cretaceous

section of the Magellan-Marshall-Gilbert-Austral-Cook island chain.
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Even with a more extensive sample collection, it may not be possible to model

the origin of this 8000 km long island and seamount chain with a one, two, or even

three hot spot model. Even on the youngest section of the chain, it has been difficult to

explain all of the volcanic edifices even with a three hot spot model, and no age

progression longer than 20 m.y. has been found [Dalrymple et aI., 1975, Duncan and

MacDougall, 1976, and Turner and Jarrard, 1982]. Thus, it is even more remarkable

that, in spite of the lack of a continuous volcanic chain, this general area has been

erupting lavas with very distinct geochemical signatures for at least 126 Ma. The model

of a single hot spot, or even a series of individual hot spots, each with an effective

diameter of 200-300 km forming an individual volcanic chain, may not apply to this

anomalous area of the south Pacific. Rather, it may be better to consider a more diffuse

region of anomalous upper mantle which, on the larger scale (ca. 3000 km), maintains its

integrity in an absolute reference frame, but on the smaller scale (ca. 300 km), serves as

a source for local melting anomalies which create hot spot tracks that last less than 20

m.y, long.

The age and geochemistry of the flow and sill complexes of the Nauru and East

Mariana Basins suggests an origin distinct from those of the Marshall Islands and

Magellan Seamounts. Both may be the result of rifting and extension younger than, but

more closely related to the formation of Ontong Java Plateau to the south, ca. 120 Ma,

rather than from hot spot volcanism associated with the SOPITA.



Table 4.1.

summary of 40Ar/39Ar Age Determinations of Samples from the Marshall Islands and Magellan Seamounts.
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Isochron Age
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_._------------------------ ...------------------------.--.-.-----------._------.----.----------

ERIKUB SEAMOUNT (Marshall Islands)

HEMLER SEAMOUNT (Magellan Seamounts)

BEST AGEl: 82.2 +/- 1.6 Ma CJ
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I:ll
:::l
0.
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81.0 +/- 0.9 Me 325.9 +/- 8.9 0.99

87.3 +/- 0.6 Ma 285.6 +/- 5.0 6.57

(isochrons not calculated)

BEST AGEl: 105.0 +/- 1.5 Me to 99.4 +/- 1.1 Ma

BEST AGEl: 87.3 +/- 0.6 Ma

86.9 +/- 0.5 Ma

83.3 +/- 0.5 Ma

76.6

(100)~ 105.0 +/- 1.5 Ma
(100) 99.4 +/- 0.5 Ma

(100)2

Feldspar
Nephel ine

1lR, HCl

(Marshall Islands)

RC26 7-15
RC26 7-5/8

All IlR TF: 18-1 All. 18-5 HF

RATAK GUYOT

o 6-1

HIMU SEAMOUNT (Magellan Seamounts) BEST AGEl: 120.2 +/- 0.4 Ma

RC26 4-1

RC26 4-8

Hornblende

Plagioclase
Hornblende

(100)2
(100)2
(100)2
(100)2
(100)2

121.0 +/- 0.8 Ha
121.1 +/- 1.2 Ma
120.2 +/- 1.2 Ma
119.4 +/- 0.7 Ma
120.4 +/- 1.2 Ma

(isochrons not calculated)

1
8
6
2
6

1: see text for determination of "BEST AGE".
2. Induction furnace and laser total fusion analyses, including fusions of previously degassed minerals.
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Table 4.1. (continued)

Summary of 40Ar/39Ar Age Determinations of Samples from the Marshall Islands and Magellan Seamounts.

~----------------------------------------------------- - . - . - - - - - - - - . - - _ . - - - - - - - - - - - - - - - - . - - - - - - -

Plagioclase & (100)2 126.1 +/- 0.6 Ma 126.1 +/- 0.7 Ma 279.1 +/- 42.0 2.16 20
K-feldspar

K-feldspar 79.7 125.8 +/- 0.7 Ma 126.1 +/- 0.9 Ma 148.2 +/- 71.4 1.30 11

Plateau or Weighted TF Age

46ZA 108R2 4-9 Basalt Core

~
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5
3
5
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0.47
1.38
0.14
0.19

300.6 +/- 37.3
261.9 +/- 47.7
300.7 +/- 3.7
413.9 +/- 163.3

Isochron Age

AGE +/- 1 SO (40/36)0 +/- 1 SO SUMS/NeZ N

109.9 +/- 1.4 Ma
111.6 +/- 1.5 Ma
113.6 +/- 4.5 Ma
100.5 +/- 24.1 Ma

BEST AGE
':

110.8 +/- 1.0 Ma

BEST AGE
':

126.1 +/- 0.6 Ma

110.0 +/- 0.7 Ma
110.7 +/- 0.6 Ma
117.9 +/- 3.4 Ma
118.2 +/- 3.8 Ma

84.3
90.1
95.4
73.7

X of 39Ar AGE +/- 1 SOMaterial

(Nauru Basin)

(Pigafetta Basin)OOP HOLE SOOA

Sall'4lle

46ZA 106R2 54-61 Basalt Core

DSDP HOLE 462A

800A 52R2 52-60
& 61R1 17-24

800A 52R2 52-60

OOP HOLE B02A (East Mariana Basin) BEST AGE
':

114.6 +/- 3.2 Ma
--.------------------------------------------.---------------------------------.---.-----------

BOZA 62R2 45-50 Basalt Core 78.4 118.3 +/- 1.6 Ma 116.8 +/- 4.8 Ma 303.2 +/- 39.4 2.12 4
100.0 114.7 +/- 2.B Ma 112.5 +/- 4.6 Ma 306.0 +/- 24.5 0.40 6

B02A 62R3 4-12 Basalt Core 90.5 115.8 +/- 2.6 Ma 116.0 +/- 13.1 Ma 294.4 +/- 38.3 0.97 4

1: see text for determination of "BEST AGE".
2: Induction furnace and laser total fusion analyses, including fusions of previously degassed minerals.
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o
ConventionaL K-Ar and 40Ar/39Ar TotaL Fusion Ages of Dredged Samples from the MarshalL IsLands.

::r
TabLe 4.2. Il)

'0
(;..,

CONVENTIONAL K-Ar 40Ar/39Ar TOTAL FUSION f""
3:SAMPLE MATERIAL

K20 ARGON I'l
WEIGHTED 40Ar 37Ar d 36Ar 36Ar 39Ar 40Ar 40Ar b AGE a

..,
-- J en

Weight 40ArR 40Ar b AGE a,c -- -- -- Ca Ca K R ::r
R 39Ar 39Ar 39Ar ~

(,,) (mol/sm) (%) (Ma) (") (X) (,,) (,,) (Ma) en
I'l::s

ERIKUB SEAMCXJNT 0-

6-1 Hawai i i te 3:
untreated 2.047 2.153E-10 58.8 71.6! 1.1 0.004349 14.81 1.618 0.01289 3.3 0.1 0.04 75.1 85.3 ! 0.6 I'l

[JQ

2.149E-10 66.3 ~

HF & HNOJ 1.832 2.228E-10 79.9 82.8! 1.2 0.004349 15.81 1.231 0.01515 2.1 0.1 0.04 72.3 87.6 ! 0.6
iil
::s

2.241E-10 90.3 en

6-16 ALkaLic basaLt o
untreated 0.958 4.581E-11 46.6 32.4 ! 0.5 0.004349 12.86 6.545 0.01095 15.8 0.4 0.05 78.8 78.1 :!: 0.7

(l)
0

4.459E-11 54.5 0
::I"

HF & HND:3 0.499 3.474E-11 33.9 44.8 ! 0.7 0.004349 26.62 13.05 0.05601 6.2 0.9 0.02 41.6 85.6! 1.3
..,
0

3.141E-11 33.6 ::s
0

RATAK GUYOT 0-
18-1 Hawai iite [JQ

-e
untreated 1.349 5.833E-11 54.2 30.3 ! 0.5 0.004332 17.43 15.75 0.02648 15.7 1.1 0.03 62.1 83.6:!: 2.1

6.070E-11 55.8

HF & HNOJ 0.858 6.525E-11 65.5 50.2 ! 0.8 0.004332 16.64 6.129 0.02004 8.1 0.4 0.04 67.3 85.8 ! 0.8
6.070E·11 55.3

HCl leach 0.60 6.606E-11 52.8 74.9! 1.9 0.004332 16.92 4.238 0.02064 5.4 0.3 0.03 65.9 85.3 ! 1.3

18-5 Hawaiiite
untreated 2.031 1.935E-10 n.5 64.9:!: 1.0 0.004332 16.05 1.475 0.02013 1.9 0.1 0.04 63.6 78.2 :!: 0.5

1.928E·10 n.7
HF & HNOJ 1.717 1.882E-10 61.8 73.2:!: 1.1 0.004332 12.67 1.775 0.00685 6.8 0.1 0.05 85.1 82.4 :!: 0.6

1.824E·10 91.5
HeL leach 2.025 2.Z64E-10 63.1 76.7 ! 1.1 0.004332 14.44 1.332 0.00899 3.8 0.1 0.04 82.3 90.6 :!: 0.6

--
a: Ages calculated using lambda E =0.581 X 10·10/yr, lambda B =4.962 X 10-10/yr• Errors are s.d. of analytical precision.
b: Subscripts indicate radiogenic (R). caLcium-derived (Ca). and potassium-derived (K) argon isotopes, in percent.
c: Conventional K·Ar ages are weighted by the inverse of the variance.

VI
d: Corrected for 37Ar decay. half-life =35.1 days. -J
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Table 4.3. Incremental-heating data for Whole Rock Samples from the Marshall Islands.

Step 4oAr/39Ar 37Ar/39Ar 36Ar/39Ar 40Ar 40Ar 39Ar 36Ar K/Ca 39Ar Apparent age aR K Ca Ca
(b) (b) (b) (c) (c) (c) (c) (X) (Ma)

MO 6-1 WR CORE J =0.004349 Total gas age = 85.32 +- 0.43

500 21.34 0.4342 0.04097 43.4 0.0 0.0 0.3 1.128 6.0 71.26 +- 0.58
600 27.77 0.3638 0.04825 48.7 0.0 0.0 0.2 1.347 3.1 103.22 +- 0.81
680 20.54 0.3444 0.02719 61.0 0.0 0.0 0.3 1.422 3.7 95.69 +- 0.62
740 14.753 0.3257 0.010754 78.6 0.0 0.0 0.8 1.504 9.6 88.77 +- 0.36
800 13.113 0.4125 0.005896 86.9 0.0 0.0 1.8 1.188 13.9 87.30 +- 0.31
875 12.112 0.6868 0.003158 92.7 0.0 0.0 5.7 0.713 14.2 86.04 +- 0.28
960 11.676 1.2060 0.002445 94.6 0.0 0.1 13.0 0.406 15.0 84.68 +- 0.27
1040 21.23 1.7408 0.03524 51.6 0.0 0.1 1.3 0.281 1.6 84.01 +- 1.09
1200 11.181 3.204 0.002029 96.8 0.1 0.2 41.7 0.153 32.7 83.17 +- 0.25

MO 6-1 WR 100-150 HF J = 0.004980 Total gas Bge = 88.65 +- 0.51

500 50.60 0.4518 0.10527 38.5 0.1 0.0 0.1 1.084 1.7 167.2 +- 9.0
600 25.53 0.4843 0.04347 49.7 0.1 0.0 0.3 1.011 1.7 110.62 +- 8.99
660 13.574 0.5245 0.009685 79.0 0.2 0.0 1.5 0.934 4.4 93.88 +- 0.88
720 11.005 0.4739 0.002510 93.3 0.3 0.0 5.2 1.034 10.4 90.01 +- 0.44
780 10.592 0.4112 0.001952 94.6 0.3 0.0 5.9 1.191 28.6 87.84 +- 0.29
840 10.093 0.6113 o.ooom 97.9 0.3 0.0 21.9 0.801 31.7 86.69 +- 0.27
940 10.311 1.1870 0.002005 94.9 0.3 0.1 16.5 0.412 12.3 85.88 +- 0.39
1030 10.489 2.110 0.005650 85.4 0.3 0.1 10.4 0.232 4.5 78.86 +- 0.85
1130 10.319 10.835 0.008000 85.4 0.3 0.8 37.7 0.045 3.3 78.06 +- 1.11
FUSE 14.508 18.639 0.02421 61.0 0.2 1.3 21.4 0.026 1.4 78.83 +- 2.63

MO 6-1 WR 35-60 HCL J =0.005010 Total gas Bge = 88.75 +- 0.47

450 176.24 0.4411 0.5318 10.8 0.0 0.0 0.0 1.111 0.8 164.8 +- 6.5
530 22.30 0.4423 0.03495 53.7 0.1 0.0 0.4 1.108 2.4 105.10 +- 1.45
620 16.664 0.4831 0.02053 63.6 0.2 0.0 0.7 1.014 4.6 93.40 +- 0.82
680 11.266 0.4290 0.003340 91.3 0.3 0.0 3.6 1.142 15.4 90.64 +- 0.35
750 10.558 0.4297 0.002066 94.2 0.3 0.0 5.8 1.140 33.8 87.78 +- 0.28
810 11.889 0.6570 0.006990 82.8 0.3 0.0 2.6 0.745 27.0 86.89 +- 0.32
900 11.308 1.2838 0.005709 85.7 0.3 0.1 6.3 0.381 8.7 85.62 +- 0.47
1000 13.212 1.9879 0.012990 71.9 0.3 0.1 4.3 0.246 3.3 84.03 +- 1.04
1100 29.78 6.330 0.07110 31.1 0.1 0.4 2.5 0.077 3.8 82.11 +- 1.23
FUSE 135.51 172.74 0.4840 4.9 0.0 12.1 9.9 0.0025 0.1 67.00 +- 32.25

MO 6-16 WR CORE J =0.004349 Total gas age = 77.52 +- 0.42

500 18.732 0.6527 0.017706 72.3 0.0 0.0 1.0 0.750 15.7 103.30 +- 0.49
600 20.61 1.0100 0.02572 63.5 0.0 0.1 1.0 0.485 11.3 99.87 +- 0.60
660 17.134 1.8029 0.02175 63.3 0.0 0.1 2.2 0.271 11.1 83.22 +- 0.55
740 12.515 4.308 0.009639 79.9 0.0 0.3 11.8 0.113 15.4 77.00 +- 0.40
800 12.265 4.665 0.010371 77.9 0.0 0.3 11.9 0.105 10.2 73.71 +- 0.51
880 11.053 4.602 0.013004 68.4 0.1 0.3 9.3 0.106 7.3 58.56 +- 0.66
970 11.460 5.313 0.02360 42.7 0.0 0.4 5.9 0.092 2.9 38.14 +- 1.57
1050 11.183 8.411 0.013255 70.8 0.1 0.6 16.8 0.058 3.7 61.41 +- 1.24
1200 9.440 27.72 0.012990 82.2 0.1 1.9 56.3 0.0173 22.4 60.99 +- 0.32

a Lambda E = 0.581E-10/yr
j

Lambda B =4.692E-l0/yr. Errors are s.d. of analytical precision.
b Corrected fur 37Ar and 9Ar decay, half-lives are 35.1 days and 259 years, respectively.
c Subscripts indicate radiogenic (R), calcium-derived (Ca), and potassium-derived (K) argon.
d Temperature of each incremental heating step (OC) using a resistance furnace for heating.
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Table 4.3 (continued). Incremental-heating data for Whole Rock Samples from the Marshall Islands.

Step 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40Ar 40Ar 39Ar 36Ar KICa 39Ar Apparent age aR K Ca Ca
(b) (b) (b) (c) (c) (c) (c) (X) (Ha)

HD 18-1 WR CORE J =0.004955 Total gas age = 73.97 +- 1.43

500 15.211 0.5313 0.02315 55.3 0.0 0.0 0.6 0.922 22.7 73.65 +- 6.08
600 10.863 0.5862 0.004713 87.5 0.1 0.0 3.3 0.836 18.9 83.10 +- 0.32
700 9.906 1.1446 0.002757 92.6 0.1 0.1 11.0 0.428 23.8 80.26 +- 0.28
800 9.295 2.038 0.002206 94.6 0.1 0.1 24.4 0.240 15.3 n.07 +- 0.31
895 7.930 3.088 0.003294 90.7 0.1 0.2 24.7 0.158 9.1 63.29 +- 0.41
1000 5.666 6.551 0.005201 81.8 0.1 0.4 33.2 0.074 4.4 41.14 +- 0.76
1225 7.322 21.00 0.010428 80.2 0.1 1.4 53.2 0.023 5.7 52.48 +- 0.62
FUSE 46.40 15.426 0.13740 15.1 0.0 1.0 3.0 0.031 0.2 62.10 +- 19.93

HD 18-5 IlR CORE J =0.004955 Total gas age = 78.29 +- 0.40

500 16.941 0.6706 0.03013 47.7 0.0 0.0 0.6 0.730 1.9 70.88 +- 1.02
600 11.063 0.6073 0.009299 75.5 0.1 0.0 1.7 0.807 3.9 73.22 +- 0.52
680 10.571 0.7076 0.009126 75.0 0.1 0.0 2.0 0.692 13.9 69.51 +- 0.30
740 26.80 0.4691 0.05829 35.9 0.0 0.0 0.2 1.044 5.0 83.95 +- 0.83
800 11.525 0.8282 0.007252 81.9 0.0 0.1 3.0 0.591 10.3 82.52 +- 0.33
885 10.976 1.2396 0.005961 84.8 0.1 0.1 5.5 0.395 10.2 81.39 +- 0.32
995 10.360 1.4614 0.003832 90.1 0.1 0.1 10.1 0.335 8.3 81.66 +- 0.33
1100 9.643 3.153 0.002781 94.0 0.1 0.2 29.9 0.155 25.5 79.40 +- 0.25
1200 12.484 4.418 0.0132n 71.3 0.0 0.3 8.8 0.111 21.1 78.07 +- 0.33

HD 18-5 IlR 100-150 HF J =0.005000 Total gas age = 82.82 +- 0.49

500 39.25 0.8490 0.08996 32.4 0.1 0.1 0.3 0.5n 6.0 111.15 +- 3.33
600 19.278 0.5556 0.02872 56.0 0.2 0.0 0.5 0.882 10.3 94.95 +- 0.67
660 13.304 0.3752 0.010671 76.3 0.2 0.0 1.0 1.305 17.7 89.32 +- 0.42
720 11.742 0.3464 0.007376 81.4 0.3 0.0 1.3 1.414 26.0 84.23 +- 0.34
780 13.305 0.7867 0.014226 68.6 0.2 0.1 1.5 0.623 16.4 80.60 +- 0.44
850 11.455 1.9097 0.010154 74.9 0.3 0.1 5.2 0.256 11.2 75.86 +- 0.51
940 11.785 2.759 0.016378 60.6 0.3 0.2 4.7 0.1n 6.3 63.38 +. 0.80
1040 14.543 9.624 0.03312 37.9 0.2 0.7 8.1 0.051 3.5 49.40 +- 1.42
1150 14.622 50.60 0.05001 27.1 0.2 3.5 28.1 0.0093 1.7 36.72 +- 2.90
FUSE 37.02 59.45 0.11855 18.5 0.1 4.2 13.9 0.0079 1.1 63.25 +- 4.63

MD 18-5 IlR 35-60 HCL J =0.004910 Total gas age = 89.51 +. 0.47

500 31.30 0.3574 0.05471 48.3 0.1 0.0 0.2 1.371 6.6 129.31 +- 1.03
600 14.120 0.2391 0.008296 82.5 0.2 0.0 0.8 2.05 13.5 100.40 +- 0.46
650 11.218 ('.16963 0.002381 93.6 0.3 0.0 2.0 2.89 26.7 90.66 +- 0.32
700 10.620 0.2078 0.002328 93.4 0.3 0.0 2.5 2.36 20.9 85.n +- 0.33
no 10.555 0.4534 0.002975 91.7 0.3 0.0 4.2 1.080 15.3 83.79 +- 0.38
830 11.143 1.1092 0.006705 82.7 0.3 0.1 4.6 0.441 8.1 79.93 +- 0.60
900 10.974 1.7439 0.008926 n.o 0.3 0.1 5.4 0.281 3.9 73.40 +- 1.15
1000 12.529 2.517 0.017445 60.2 0.3 0.2 4.0 0.194 3.2 65.76 +- 1.40
1100 14.694 29.44 0.03622 43.4 0.2 2.1 22.6 0.0163 1.7 56.75 +- 2.67
FUSE 115.67 134.52 0.4148 3.6 0.0 9.4 9.0 0.0033 0.2 39.74 +- 23.78

a Lambda E =0.581E-10/yr
3

Lambda B =4.692E-10/yr. Errors are s.d. of analytical precision.
b Corrected for 37Ar and 9Ar decay, half-lives are 35.1 days and 259 years, respectively.
c Subscripts indicate radiogenic (R), calcium-derived (Ca), and potassium-derived (K) argon.
d Temperature of each incremental heating step (Oe) using a resistance furnace for heating.



Table 4.4. Age Spectra and Isochron Analysis of 40Ar/39Ar Experiments on Samples from the Marshall Islands.

AGE SPECTRUM ISOCHRON
SAMPLE MATERIAL RECOMBINED INCREMENTS

TF AGE USED " 39Ar WEIGHTED AGE 40Ar/36Ar ~
(Ma) AGE (Ma) (Ma) INTERCEPT N-2

ERllCUB SEAMOUNT

D 6-1 WR Core 85.3 !; 0.4 740 - 960 52.8 86.4 !. 0.5 84.2 !. 0.6 356.3 !. 13.7 4.62
WR HF 88.7!; 0.5 720 - 840 70.7 87.7!; 0.5 85.7 ;!; 1.0 453.6 ;!; 74.3 4.48
WR HCI 88.8 ;!; 0.5 750 - 1100 76.6 86.9 ;!; 0.5 87.3 !; 0.6 285.6 ;!; 5.0 6.57

D 6-16 WR Core n.5 :t 0.4

Whole Rock Total Fusion Data: All 84.5 !; 0.5 82.2 !; 3.1 311.9 ;!; 22.0 125.2
6-1 HF, 6-16 HF 87.3 ;!; 0.5 88.3 !; 0.7 288.8 !. 4.0 ***
6-1 WR &HF, 6-16 HF 86.3 !; 0.5 86.5 ;!; 1.9 294.1 1; 12.1 8.80

RATAK GUYOT

o 18-1 WR Core 83.6 !. 1.4

D 18-5 WR Core 78.3 !; 0.4 800 • 1100 54.3 81.0;!; 0.4 78.6 ;!; 0.9 361.4 !; 21.6 6.42
WR HF 82.8 !; 0.5
WR HCI 89.5 ;!; 0.5

Whole Rock Total Fusion Data: All 84.4 !. 0.5 88.5 !. 4.8 249.4 !. 45.3 58.1
18-1 All, 18-5 HF only 83.3 ;!; 0.5 81.0 ;!; 0.9 325.9 ;!; 8.9 0.99
18-1 HF &HCI; 18-5 HF 83.3 :!: 0.5 80.8 ;!; 0.8 330.5 :!: 9.6 0.19

Ages are calculated using lamda E = 0.581 x 10·10/Yr and lamda B = 4.962 x 10-10/yr; weighted ages are weighted by the
inverse of the variance. Samples without age spectra or isochron information are too disturbed to yield any meaningful
analysis. "Age Spectrll1l" age for whole rock total fusion data is weighted average of included total fusion ages.
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PLAGIOCLASE 0.00449 15.73 12.882 0.004818 96.8 0.18 0.86 67.1 120.3 :t 0.8 120.2 :t 1.2
16.11 12.855 0.005180 96.2 0.18 0.86 62.3 122.4 :t 4.7
15.74 13.088 0.004555 97.4 0.18 0.88 27.9 121.1 :t 1.4
15.76 14.599 0.006427 94.6 0.18 0.98 57.0 118.1 :t 1.3
15.63 14.134 0.004482 98.1 0.18 0.95 79.2 121.2 :t 1.3
15.99 14.322 0.006437 94.6 0.18 0.96 55.8 119.6 :t 2.1

--------- ..--------------------~---------------------- - - - - - - - - - - - - - - - . - - - - - - - . - - - - . - - - . - - - - - - - . - - - - - - - - . - - - . - - - - - - - - - - - - -

RC26 4-8 0.00~656 31.02 5.795 0.019723 82.7 0.02 0.39 7.8 119.3 :t 0.8 119.4 :t 0.7
30.64 5.701 0.018228 83.9 0.02 0.38 8.3 119.5 :t 0.8

HORNBLENDE -----.---.. ------.----...._----_ ........ -- ........_-----.------------.--------------------.---.---------

HIHU SEAMOUNT

HORNBLENDE - .._-.------ ..--------_._------------- ...._--- •..•.••..•. ---.-------.-----------_.------------.-.-.-----
0.00449 15.16 5.549 0.002432 97.8 0.19 0.37 57.3 116.7 :t 0.9 121.1 :t 1.2

15.81 5.848 0.002359 98.2 0.18 0.39 62.2 122.0 :t 0.8
15.93 5.843 0.001869 99.1 0.18 0.39 78.5 124.0 :t 1.0
15.83 5.856 0.001620 99.5 0.18 0.39 90.7 123.8 :t 1.3
15.90 5.881 0.002436 98.0 0.18 0.39 60.6 122.5 :t 1.0
15.70 5.719 0.003251 96.4 0.18 0.38 44.2 119.0 :t 0.9
16.14 5.851 0.003462 96.2 0.18 0.39 42.4 122.0 :t 0.8
15.88 5.823 0.002990 97.0 0.18 0.39 48.9 121.1 :t 0.9

o
CIl
o
n
::r.,
o
o
o
0"
00
'<:

o
::r
to)

'0
~.,
A

~
to).,
en
::r
~
en
to)

o
0-

~
ll:l

00
~
;-
o
en

121.0 :t 0.8

Weighted Age (d)
(Me :t 1 sd)

Age (a,d)
(Ma :t 1 sd)

121.0 :t 0.88.984.9 0.02 0.39

40".... 40ArK 39ArCa 36ArCa
(c) (c) (c) (c)

5.n1 0.01718130.65

J 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar
(b) (b) (b)

Best Age 120.2:t 0.4 Ma (see text)

0.002656

Table 4.5. 40Ar/39Ar Mineral Total Fusion Ages of Samples from the Magellan Seamounts.

MaterialSa""le
No.

RC26 4-1

----------.------------------.-.-------.---------_._.---.-._----- .. _-_ ..-......•....•..•...••..••...•..•
0.00449 15.90 5.861 0.002240 98.4 0.18 0.39 65.7 123.0 :t 1.5 120.4 :t 1.2

15.79 6.362 0.002806 97.6 0.18 0.43 56.9 121.2 :t 0.9
15.66 5.671 0.002485 97.8 0.18 0.38 57.3 120.5 :t 0.8
15.73 5.930 0.003434 96.2 0.18 0.40 43.3 119.0 :t 0.7
16.19 5.658 0.004368 94.4 0.18 0.38 32.5 120.3 :t 1.1
15.91 5.813 0.003190 96.6 0.18 0.39 45.7 120.9 :t 0.7

0'\



Table 4.5 (continued). 40Ar/39Ar Mineral Total Fusion Ages of Samples from the Magellan Seamounts.

Sa""le Material J 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40AI"* 40Art:: 39Arca 36Arca Age (a, d) Weighted Age (d)
No. (b) (b) (b) (c) (c) (c) (c) (Ma t 1 sd) (Ma t 1 sd)

HEMLER GUYOT Best Age 105.0 t 1.5 Ha to 99.4 t 0.5 Ma (see text)
-----------------------------------------------------------------.--_.---.-------_.--._--_.-----------------------------.--_.-
RC26 7-15 0.00448 13.33 1.0864 0.001155 97.8 0.21 0.07 23.6 102.5 t 1.5 105.0 t 1.5

13.29 0.7574 0.001536 96.8 0.21 0.05 12.4 101.2 t 1.2
FELDSPAR 14.01 0.8860 0.000908 98.4 0.20 0.06 24.5 108.1 t 1.2

14.07 1.0327 0.001138 98.0 0.20 0.07 22.8 108.1 t 1.3
13.16 0.7697 0.000759 98.5 0.22 0.05 25.5 101.9 t 1.1
14.01 0.9912 0.000952 98.3 0.20 0.07 26.1 108.1 t 1.2

------._------.-.---.---.---------------------------_.----.-._------------.----.---.---_.------------------------------
RC26 7-5/8 0.005137 11.08 0.0747 0.0001990 99.5 0.05 0.01 9.9 99.4 t 1.3 99.4 t 0.5

11.16 0.0206 0.0004692 98.7 0.05 0.00 1.2 99.3 t 1.0
NEPHELINE 11.14 0.0907 0.0000372 99.9 0.05 0.01 64.4 100.3 t 1.5

11.00 0.0079 0.0000198 99.9 0.05 0.00 10.5 99.0 t 0.9
11.10 0.0148 0.0000133 99.9 0.05 0.00 29.3 100.0 t 0.8
11.07 0.0338 0.0001624 99.5 0.05 0.00 5.5 99.3 t 0.8
11.20 0.0245 0.0002347 99.3 0.05 0.00 2.8 100.3 t 0.7
11.01 0.0253 0.0001817 99.5 0.05 0.00 3.7 98.8 t 0.7

a: Ages were calculated using lamda E : 0.581X10-10yr- 1, lamda B = 4.962X10·10yr-1
b: Corrected for 37Ar and 39Ar decay, 35.1 days and 259 years, respectively.
c: Subscripts indicate radiogenic (*), calcium·derived (Ca), and potassium-derived (K) argon, respectively, in percent.
d: Errors are estimates of the s.d. of analytical precision, weighted ages are weighted by the inverse of the variance.
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Table 4.6. Incremental-heating and laser-fusion Data for Mineral Separates from Hole 800A Basalts.

Step 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40ArR 40ArK 39Arca 36Arca K/Ca 39Ar Apparent age a
(b) (b) (b) (c) (c) (c) ec) (X) (Ma)

800A-61R-1, 17-24 cm Mineral TF J =0.011675 Total gas age =125.98 t 0.61

Plag 6.403 3.052 0.001584 96.4 0.1 0.2 51.8 0.160 4.1 125.75 t 0.39
Plag 6.329 3.311 0.001410 97.5 0.1 0.2 63.2 0.148 8.1 125.73 t 0.37
Plag d 6.371 3.356 0.001537 97.0 0.1 0.2 58.7 0.146 1.3 125.90 t 0.60
Plag d 6.295 3.075 0.001089 98.7 0.1 0.2 75.9 0.159 4.6 126.55 t 0.38
Plag 6.285 3.329 0.001174 98.6 0.1 0.2 76.2 0.147 4.2 126.27 t 0.39
Plag d 6.279 3.426 0.001212 98.5 0.1 0.2 76.0 0.143 3.8 126.09 t 0.39

800A-58R-2, 52-60 cm Mineral TF J = 0.011675

Plag 6.332 1.7879 0.000929 97.8 0.1 0.1 51.8 0.274 2.4 126.09 t 0.44
Plag 6.308 1.0728 0.000676 98.1 0.1 0.1 42.7 0.456 4.3 125.90 t 0.38
Plag 6.322 1.7037 0.000868 98.0 0.1 0.1 52.8 0.287 6.1 126.11 t 0.37
Plag 6.309 1.6377 O.OOOSOO 98.2 0.1 0.1 55.0 0.299 4.0 126.14 t 0.39
Plag 6.205 1.1759 0.000483 99.1 0.1 0.1 65.5 0.416 4.1 125.17 t 0.38
Plag ~ 6.273 1.4479 0.000554 99.1 0.1 0.1 70." 0.338 9.1 126.54 t 0.36
Plag d 6.270 1.4223 0.000607 98.8 0.1 0.1 63.0 0.344 8.4 126.14 t 0.36
Plag d 6.286 1.3811 0.000567 99.0 0.1 0.1 65.5 0.354 4.5 126.62 t 0.38
Plag 6.283 1.2215 0.000526 99.0 0.1 0.1 62.4 0.401 5.7 126.52 t 0.37

Kspar 6.307 0.12143 0.000367 98.3 0.1 0.0 8.9 4.03 1.6 126.12 t 0.53
Kspar 6.249 0.09529 0.000125 99.4 0.1 0.0 20.4 5.14 2.5 126.33 t 0.43
Kspar 6.252 0.16390 0.000240 99.0 0.1 0.0 18.4 2.99 2.3 125.84 t 0.44
Kspar 6.201 0.10669 0.000296 98.6 0.1 0.0 9.7 4.59 3.3 124.42 t 0.40
Kspar 6.291 0.15418 0.000150 99.4 0.1 0.0 27.7 3.18 2.9 127.12 t 0.41

Hbl 8.250 4.969 0.008546 74.1 0.1 0.3 15.6 0.098 2.3 124.77 t 0.55
Hbl 8.048 5.750 0.007902 76.6 0.1 0.4 19.6 0.085 2.1 125.82 t 0.56

·Hbl 8.942 6.621 0.011340 68.3 0.1 0.4 15.7 0.074 3.2 124.86 t 0.57
Hbl 7.964 6.322 0.007848 77.1 0.1 0.4 21.7 0.077 2.7 125.42 t 0.52
Hbl 8.065 5.124 0.007956 75.8 0.1 0.3 17.3 0.095 2.2 124.82 t 0.55

800A-58R-2, 52-60 cm K-feldspar IH J =0.01166 Total gas age =125.76 t 0.63

0.511 e 6.543 0.16631 0.001879 91.6 0.1 0.0 2.3 2.95 6.1 121.90 t 0.60
0.811 e 6.275 0.15987 0.000313 98.6 0.1 0.0 13.5 3.06 7.2 125.70 t 0.53
1.011 e 6.121 0.13494 0.000364 98.3 0.1 0.0 9.8 3.63 7.0 122.34 t 0.54
1.311 e 6.284 0.11345 0.000178 99.2 0.1 0.0 16.9 4.32 9.6 126.60 t 0.46
1.611 e 6.306 0.11740 0.000574 97.4 0.1 0.0 5.4 4.17 3.0 124.74 t 1.03
2.011 e 6.294 0.11575 0.000036 99.9 0.1 0.0 83.9 4.23 5.0 127.62 t 0.68
2.411 e 6.289 0.11844 0~000075 99.7 0.1 0.0 41.6 4.14 4.0 127.30 t 0.80
3.011 e 6.297 0.12040 0.000592 97.3 0.1 0.0 5.4 4.07 5.7 124.45 t 0.61
3.611 e 6.299 0.10882 0.000234 98.9 0.1 0.0 12.3 4.50 3.3 126.55 t 0.94
4.211 e 6.290 0.12195 0.000387 98.2 0.1 0.0 8.3 4.02 3.9 125.52 t 0.81
5.011 e 6.285 0.12014 0.000542 97.5 0.1 0.0 5.9 4.08 4.6 124.51 t o.n
6.011 e 6.313 0.11560 0.000328 98.5 0.1 0.0 9.3 4.24 13.0 126.30 t 0.42

Fuse #1 6.321 0.10139 0.000303 98.6 0.1 0.0 8.8 4.83 17.1 126.57 1: 0.39
Fuse #2 6.330 0.14886 0.000180 99.2 0.1 0.0 21.8 3.29 10.7 127.53 1: 0.45

a Lambda E =0.581E-10/yr, Lambda B =4.692E-10/yr. Errors are s.d. of analytical preCISIon.
b Corrected for 37Ar and 39Ar decay, half-lives are 35.1 days and 259 years, respectively.
c Subscripts indicate radiogenic (R), calcium-derived (Ca), and potassium-derived (K) argon.
d For these analyses, the samples were previously degassed with a 411, 5mm wide laser beam.
e Laser power used for each of these steps, actual temperature was not measured.
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Table 4.7. Incremental-heating Data for Whole Rock Samples from DSDP Hole 462A (Nauru Basin).

Step 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40ArR 40ArK 39Arca 36Arca K/Ca 39Ar Apparent age a
(b) (b) (b) (c) (c) (c) (c) (X) (Ma)

462A-106R2, 54-61 cm BASALT CORE J =0.003080 Total gas age =111.30 +. 0.71

600 44.08 3.853 0.07580 49.9 0.0 0.3 1.4 0.127 8.0 118.46 +. 2.08
700 27.25 9.054 0.02099 79.8 0.0 0.6 11.6 0.054 7.8 117.71 +- 2.04
800 22.93 6.230 0.009809 89.5 0.0 0.4 17.1 0.078 10.0 110.98 +- 1.60
900 21.30 2.956 0.003836 95.7 0.0 0.2 20.7 0.165 16.5 110.08 +- 1.00
1000 21.46 3.548 0.005207 94.1 0.0 0.2 18.3 0.138 20.4 109.12 +- 1.02
1100 22.67 16.094 0.012333 89.5 0.0 1.1 35.1 0.030 16.8 110.54 +- D.99
1400 22.64 18.216 0.013238 89.1 0.0 1.2 37.0 0.027 20.6 110.00 +. 0./34

462A-106R2, 54-61 cm BASALT CORE J =0.003370 Total gas age =111.51 +- 0.63

600 41.02 5.200 0.07220 49.0 0.0 0.3 1.9 0.094 9.9 118.57 +. 1.49
700 20.64 5.755 0.007406 91.6 0.0 0.4 20.9 0.085 10.9 111.79 +- 1.24
1000 19.783 8.245 0.005822 94.6 0.0 0.6 38.1 0.059 46.3 110.89 +- 0.43
FUSE 20.42 8.463 0.008459 91.0 0.0 0.6 26.9 0.058 33.0 110.17 +- 0.52

462A-108R2, 4-9 cm BASALT CORE J =0.005470 Total gas age =120.49 +- 3.75

600 25B.8 45.35 0.8234 7.4 0.0 3.0 1.5 0.010 4.6 184.6 +- 35.4
700 BO.OO 55.7B 0.2429 15.8 0.0 3.7 6.2 0.0085 25.5 125.16 +- 6.19
BOO 19.443 56.05 0.04157 59.7 0.0 3.8 36.3 0.0084 26.1 115.22 +- 5.54
900 16.463 39.54 0.02613 72.1 0.1 2.6 40.7 0.012 20.0 116.52 +. 7.18
1050 17.732 110.B3 0.05214 62.7 0.1 7.4 57.2 0.0041 11.6 114.86 +- 12.37
FUSE 18.679 348.5 0.12735 46.8 0.0 23.3 73.6 0.0011 12.2 109.20 +- 12.32

462A-l0BR2, 4-9 em BASALT CORE J =0.005700 Total gas age =125.59 +- 3.55

600 94.73 55.76 0.2861 15.4 0.0 3.7 5.2 0.0085 26.3 149.72 +- 6.42
700 16.365 47.45 0.02820 72.1 0.1 3.2 45.3 0.0100 30'.9 121.12 +- 4.84
800 14.990 52.90 0.02566 77.4 0.1 3.5 55.4 0.0089 10.3 119.63 +- 14.42
900 13.540 136.15 0.04748 76.2 0.1 9.1 77.1 0.0033 18.0 113.18 +- 8.37
1000 11.739 293.1 0.08890 74.6 0.1 19.6 88.7 0.0013 12.4 108.76 +- 12.37
FUSE 1B.674 200.7 0.08136 56.6 0.0 13.4 66.4 0.0021 2.1 121.47 +- 26.BO

a Lambda E =0.581E-l0/yr, Lambda B = 4.692E-l0/yr. Errors are s.d. of analytical precision.
b Corrected for 37Ar and 39Ar decay, half-lives are 35.1 days and 259 years, respectively.
c Subscripts indicate radiogenic (R), calcium-derived (Ca), and potassium-derived (K) argon.
d Temperature of each incremental heating step (DC) using a resistance furnace for heating.
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Table 4.8. Incremental-heating Data for Whole Rock Samples from Hole 80lA (E. Mariana Basin).

165

Step 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 40ArR 40AI'J( 39Arca 36Arca K/Ca 39Ar Apparent age a
(b) (b) (b) (c) (c) (c) (c) (X) (Ma)

802A-62R-2, 45-50 cm BASALT CORE J = 0.005181 Total gas age = 122.01 t 1.57

600 d 34.83 13.247 0.07116 42.6 0.0 0.9 5.0 0.037 8.5 134.84 t 6.91
700 22.82 18.013 0.03158 65.3 0.0 1.2 15.3 0.027 13.1 135.84 t 4.47
800 18.793 36.78 0.02863 70.5 0.0 2.5 34.6 0.0130 18.9 122.69 t 3.14
900 15.192 37.34 0.01m1 84.9 0.1 2.5 56.5 0.0128 19.2 119.61 t 3.08
1050 14.047 20.88 0.009893 90.9 0.1 1.4 56.8 0.023 21.4 117.20 t 2.76
1300 16.641 111.90 0.04705 69.9 0.1 7.5 64.0 0.0041 18.9 113.80 t 3.25

802A-62R-2, 45-50 em BASALT CORE J = 0.004995 Total gas age = 115.32 t 2.93

600 d 34.19 13.780 0.07519 38.2 0.0 0.9 4.9 0.035 8.0 115.03 t14.73
700 22.76 16.714 0.03355 62.2 0.0 1.1 13.4 0.029 12.0 124.67 t 9.68
800 19.450 32.n 0.02944 68.6 0.0 2.2 29.9 0.0146 17.4 118.95 t 6.70
900 15.524 37.22 0.019394 82.1 0.1 2.5 51.6 0.0128 18.8 114.07 t 6.24
1050 14.540 19.875 0.011496 87.4 0.1 1.3 46.5 0.024 23.0 112.52 t 5.08
1400 18.044 130.82 0.05694 64.3 0.1 8.8 61.8 0.0034 20.7 111.15 t 5.74

802A-62R-3, 4-12 em BASALT CORE J =0.01107 Total gas age = 118.88 t 2.65

600 d 20.20 10.153 0.04614 36.4 0.0 0.7 5.9 0.048 9.5 142.26 t11.72
700 12.202 14.484 0.02333 52.9 0.1 1.0 16.7 0.034 11.2 125.68 t10.01
BOO 12.559 35.88 0.03265 45.8 0.1 2.4 29.6 0.0133 22.9 114.11 t 5.00
FUSE 10.028 88.85 0.03881 56.0 0.1 6.0 61.6 0.0052 56.5 115.51 t 3.01

a Lambda E =0:581E-10/yr, Lambda B =4.692E-10/yr. Errors are s.d. of analytical preCIsIon.
b Corrected for 37Ar and 39Ar decay, half-lives are 35.1 days and 259 years, respectively.
c Subscripts indicate radiogenic (R), calcium-derived (Ca), and potassium-derived (K) argon.
d Temperature of each incremental heating step (DC) using a resistance furnace for heating.
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Figure 4.1. Sites of Mesozoic volcanism in the western Pacific for which both reliable

4oAr/39Ar ages and radiogenic isotope analyses are available. Figure drawn using the

GMT utilities of Wessel and Smith [1991].
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AGE DISCORDANCE
(PERCENT AGE OF BEST AGE)
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Figure 4.2. Discordance between conventional K-Ar and 4oAr/ 89Ar total-fusion ages,

expressed as a percentage of the best age (dashed line). Conventional K-Ar ages

(circles) and 4oAr/89Ar total-fusion ages (squares) for the same sample are connected by

tie lines. Note that total-fusion ages are within 10% of the best age but can be either

too old or too young. WR denotes untreated whole rock sample; HF and HCI denote

acid treated splits. Conventional ages are always younger, representing minimum ages.
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Figure 4.3. Age spectra and KjCa diagrams for 40Arj39Ar incremental-heating

experiments on whole rock (WR) and acid-treated samples (HF, HC1) from Erikub Smt.
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Figure 4.4 Age spectra and K/Ca diagrams for 4oAr/39Ar incremental-heating

experiments on whole rock (WR) and acid-treated samples (HF, HCI) from Ratak Guyot.
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Figure 4.6. 40ArjS9Ar laser experiments on feldspar from Hole 800A, ODP Leg 129:

a) Age spectra and isochron for laser incremental-heating experiment on the K-feldspar

from sample 52R2, 52-60 em, and b) Total-fusion isochron for feldspar from both

52R2, 52-60 em and 61R I, 17-24 em,



172

120 leo 24060

4000,...---------7"'1

10 20 30 40 50 60 70 80 90 100

k 110.01:0.7

1:..--

1--,

100o

Chapter 4. Marshalls and Magellans Geochronology
A. 462A -1OSR-2,54-61 em Basall Core

140

B. 462A -106R-2, 54-61 em Basalt Core
140,....------------------..., 6000r-----------,

i
130

k 110.HO.8
•
~ 120

~C
!

I 110

100
0

.
10 20 30 40 50 60 70 80 90 100 300

31lAr,..I...teI ("')

10 20 30 40 50 60 70 80 90 100

~

:t
c

0...

0
0 20 40 60 80

1500

"..~

1000
...~~Ij,

.c
\
0...

0
0 30 60 90

3a~Ar

F-

F-

I--

i--C::
k 117.ll :l:3A

I

fo
k 118.2 1:3.8

140

140

800 10 20 30 40 50 60 70 80 90 100

C. 462A· 108R·2, 4·9 em Basalt Cor.
200

D. 462A ·108R·2, 4·9 em Basalt Core
200

i
•
: 120
c
!J 100

i
.. 120
~

II 100

Figure 4.7. Four 4oAr/39Ar whole rock incremental-heating experiments on two

samples from Hole 462A, DSDP Leg 89. Age spectra on left, isochrons on right.



Chapter 4. Marshalls and Magellans Geochronology 173

120 180 24060

4000 .---------.....,

3000[ ]

p-----t

f- k 118.3:tU

A. 802A - 62R·2, 45-50 em Basalt Core
160

800 10 20 30 40 50 60 70 60 90 100

~ 140

•!t 120
C
I!

1100

100 150 20050
o U-I. .......

o

2500~-----~"._--,

2000
114.7:t2.1

~r-t.,
...-

800 10 20 30 40 50 60 70 80 90 100

B. 802A - 62R-2, 45-50 em Basalt Core
160

600

~•'t 400
~

~

200

0
0 50 100 150 200

311ArtlBAr

......-
l--...-......-....-...

k 11U:t2.1

60o 10 20 30 40 50 60 70 80 90 100

311Arral.uecI (%)

C. 802A - 62R·3, 4-12 em Basalt Core
180

Figure 4.8. Three 4oAr/39Ar whole rock incremental-heating experiments on two

samples from Site 802, OOP Leg 129. Age spectra on the left, isochrons on right.



Chapter 4. Marshalls and Magellans Geochronology 174

140'E

40'N

2O'N

0'
L .t",",,~"-I,

20'S

40'S

140'E

160'E

160'E

180'E

180'E

....?' 0

160W

0,'

160'W 140'W

c.- .<.....
~~
)~

12O'W

4O'N

2O'N

0'

20'S

40'S

Figure 4.9. Model hot spot tracks from sites of Mesozoic volcanism in the western

Pacific for those sites (Figure 4,1) where both reliable ages and isotopic analyses are

available. Calculated using ages from this chapter, Mahoney et at. [in press] for Ontong

Java Plateau, and Pringle [in press] for ODP Site 801. Note that the seamount volcanism

of the Marshall Islands and Magellan Seamounts can be traced back to the South Pacific

Isotopic and Thermal Anomaly (SOPITA), while the flows and sills of the Ontong Java

Plateau, East Mariana Basin, and Nauru Basin formed significantly to the south of the

SOPITA, Figure drawn using the GMT utilities of Wessel and Smith (1991),
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Figure 4.1O. Present-day locations of the inferred sources of four Cretaceous seamounts

in the Marshall Islands and Magellan Seamounts and the sills drilled at ODP Site 800.

Locations shown as qualitative error ellipses drawn as 95% confidence intervals around

six possible estimates for each seamount and summarize how errors in age and plate

motion affect the inferred source locations. Hemler Guyot yields an inferred source

location near and is isotopically similar to Raratonga, Himu Seamount, Ratak Guyot,

and Site 800 are inferred to have come from a source near Rurutu and are isotopically

similar to each other and Rurutu.
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Staudigel et al., 1991, for complete list of sources), and the Pacific Cretaceous, bottom

(Cheng et aI., ]987; Smith et al., ] 989; Staudigel et al., 1991; Castillo et al., 1991;

Mahoney and Spencer, 1991; Castillo et aI., in press; Garcia et aI., in press; Appendix).
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Figure 4.12. Nb/Zr versus Ba/Zr for samples from Erikub Seamount (triangles) and

Ratak Guyot (circles) superimposed on fields for other oceanic island basalts. Similar

Ba/Nb ratios are shown by Tubauii (Tu) and Mangaia (Ma) in the Austral-Cook Islands,

which are located at approximately the same positions where the Ratak edifices formed

during the Late Cretaceous. Data for Ratak chain from Davis et al. [1989], for Tubauii

from Dupuy et al. [1988], and for Mangaia from Palacz and Saunders [1986]. Other

fields from Mattey [1982]: I, Iceland; B, Bouvet; CI, Caroline Islands; Hu, Hualalai; As,

Ascension; Az, Azores; Tr, Tristan da Cuhna; F, Flores;, CV, Cape Verde; T, Trinidade;

SH, St. Helena; C, Canaries; M, Maderia; G-D, Gough and Discovery; P, Ponape
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Hot spots are persistent, relatively stationary, sites of excess mantle melting from

sources ultimately below the asthenosphere.

They represent excess mantle melting, because fluxes of new mantle material on

the order of 0.02-0.04 km3/yr are observed.

Their sources must ultimately be from below the asthenosphere, because they are

not affected by the relatively fast velocities observed for asthenospheric and

lithospheric material.

They are persistent, because they live at least 10 m.y. and sometimes more than

120 m.y., as seen in length of the age progressive volcanic tracks left as the

lithosphere moves over them.

They are relatively stationary with respect to each other, because, (J), on

individual plates, coeval tracks make small circles about the same pole of rotation

describing similar angular rates of volcanic propagation, and (2), on a global

scale, the constellation of hot spots makes an internally consistent reference

frame.

Hot spots offer us important information about both the history of a lithospheric

plate and the nature of the underlying mantle. The Cretaceous Pacific is no exception.

However, alteration processes tend to mask the original crystallization age and

geochemical source signature of samples collected from the submarine environment, and

care must be used to see through these alteration effects.

40AR/39AR GEOCHRONOLOGY OF CRETACEOUS SAMPLES

40Ar/39Ar geochronology is now routinely used to determine the crystallization

age of partially altered samples. This study emphasizes the necessity of using 4oAr/39Ar

isochron analysis to distinguish which apparent ages are reliable. The chances of

obtaining reliable results are greatly increased by (I) careful petrographic selection of

holocrystalline whole rock samples (no volcanic glass, less than 10% clay after

groundmass phases) and (2) careful acid-cleaning of potassium-bearing phenocryst

phases (principally plagioclase feldspar).
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However, there are no systematic petrographic criteria which can be used to

guarantee the reliability of an 40Ar/ 39Ar age. For example, trachytes from Hess Rise

seemed ideal 4oAr/39Ar candidates (high-potassium, holocrystalline groundmass, and only

a few percent clay), but revealed significantly disturbed K-Ar systems in incremental

heating experiments [Chapter 3]. Alternatively, mugearites from Hammerstein Seamount

were only marginal 4oArj39Ar candidates (very fine-grained groundmass with streaks of

clay), yet revealed concordant incremental-heating ages with 65% of the gas released on

an age plateau [Chapter 2]. In practice, we are often very limited in the samples

available for study, and often have no choice but to work with less than ideal samples.

In the past, only about one in five dredges from Cretaceous seamounts recovered

dateable material. The development of the new 4oArj39Ar small sample techniques will

probably increase this success rate to about one in three dredges.

The real power of using 40Ar/39Ar geochronology in deciphering the

crystallization age of altered rocks is that accurate ages can be differentiated from

. unreliable ages using a series of internal tests, irrespective of the petrographic

description of the sample. In the long run, careful sample selection mainly saves one the

time and aggravation of generating unreliable ages. These internal tests, each based on

statistical criteria, are used on a set of apparent ages. Originally, these criteria were

developed for use with incremental-heating whole rock experiments [i.e., Darlyrnple et

aI., 1980; Chapter 2]. In Chapter 4, we used a set of whole rock total-fusion ages from

a seamount to determine that the group as a whole represented a concordant age for that

seamount, even though each of the individual samples exhibited disturbed whole rock

incremental-heating experiments indicative of significant internal argon redistribution.

The increased sensitivity of the new 40Ar/39Ar analytical systems allows one to

work with Cretaceous material in quantities that previously would have been insufficient

-- 10-20 mg for low-potassium phases such as plagioclase, less than 1 mg for high

potassium phases such as biotite. Also, the greatly reduced analytical time necessary for

the very small sample techniques -- 20 min vs. 3 hr to 1 day per sample for previous

systems -- facilitates generating sets of age data required for applying the reliability

criteria. We are just beginning to explore the opportunities that these new systems offer.

A series of laser-fusion ages on mineral separates, whether degassed or simple total

fusion analyses, can be tested. Incremental-heating experiments with a defocussed laser
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beam can be run on 10-20 mg of suspect plagioclase. Pringle [in press] used a

defocussed laser beam and infrared microscope to generate a series of mid-temperature

(700-1l OO°C) ages for a group of small whole rock chips weighing 2-5 mg each, and

determined an age for a sample of Jurassic mid-ocean ridge basalt which had exhibited a

significant amount of internal argon redistribution and loss.

LATE CRETACEOUS PACIFIC PLATE VELOCITY

Three seamount chains north of the Hawaiian ridge, the northern Line Islands,

and perhaps the northern Emperor Seamounts describe a 36°N, 76°W rotation pole for

the Late Cretaceous Pacific plate. The age progression observed for seamounts along the

NW-SE seamount chain in the Musicians seamounts, 52.0 ± 5.8 km/m.y. or 0.503 ± 0.055

°Im.y., provides most of the constraint on the rotation rate for the period from 96 to 82

Ma. Combining the Musicians results with less well-defined results from the northern

Line Islands, the best estimate of Pacific plate motion for 96 Ma to 82 Ma is 0.508 ±

0.053 °Im.y. The age progression observed for two seamounts on the Wentworth

Seamount chain is consistent with this result.

The trace of individual hot spot tracks in the western Pacific is not as clear. The

Ratak chain of the Marshall Islands is copolar with the seamount chains described above.

However, only two seamounts along the chain have been dated and the ages are not

consistent with the age progression observed for the other Late Cretaceous seamount

chains. The geometry of seamounts in the Mid-Pacific Mountains, Marcus-Wake

Seamounts, and Magellan Seamounts is consistent with the NW-SE Pacific plate motion

described for ca. 80-100 Ma and roughly E-W motion older than 100 Ma. However,

few reliable age data are available to test such hypotheses.

No hot spot volcanism has been documented to constrain Pacific plate velocity

for the period 82-70 Ma, i.e. younger than the Musicians but older than the Emperor

seamount hot spot tracks. Possible hot spot tracks which could provide such constraints

include the Line and Marshall-Gilbert island chains.

OBSERVATIONS ON THE SOURCES OF CRETACEOUS PACIFIC VOLCANISM

Although the available age data for Cretaceous volcanism in the western Pacific

cannot yet be used to constrain Pacific plate velocity, they are consistent with hot spot
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sources located in the South Pacific Isotopic and Thermal Anomaly (SOPITA). One hot

spot source (with a HIMU isotopic signature) would have created the sills and seamounts

of the Pigafetta Basin 126-120 Ma, the Ratak chain in the Marshall Islands 90-80 Ma,

and is currently located near the island of Rurutu in the Austral Islands. A second hot

spot source (with a DUPAL isotopic signature) would have created some of the Magellan

Seamounts ca. 100 Ma, some of the western Marshall Islands 80-70 Ma, and is currently

located near Raratonga in the Austral-Cook Islands.

The basalts of both the modern and Cretaceous SOPITA have some of the most

extreme isotopic compositions found in ocean island basalt. The Cretaceous was

certainly a period of widespread volcanism throughout the Pacific, but not all of this

volcanism formed from SOPITA sources. The flow and sill complexes of the Nauru (111

Ma) and East Mariana (114 Ma) basins formed south of the modern SOPITA, and seem

more closely related to the flood basalts of the Ontong Java Plateau than to SOPITA

basalts. Sources for the Musicians Seamounts were located north of the modern SOPITA,

and were more similar to typical mid-ocean ridge sources.

In particular, samples dredged from the Musicians Seamounts have alteration

resistant trace element and radiogenic isotope ratios much more similar to mid-ocean

ridge basalt than to typical plume-type or ocean island basalt. Also, in spite of the

relatively narrow range inferred for the source region compositions, there is a large

range of major and trace element compositions seen in the erupted lavas. Differentiated

alkalic lavas are found on the larger seamounts, especially those from the Musicians hot

spot track. More depleted basalts are found on the east-west trending ridges and

seamounts in the southeastern Musicians Seamounts.

The preferred model proposes that the Musicians Seamounts are primarily the

result of anomalous thermal rather than geochemical regimes, similar to models proposed

for the Cobb-Eickelberg Seamount chain [Rhodes et al., 1990; Desonie and Duncan,

1990]. Larger thermal anomalies would have produced larger seamounts which

developed magma chambers capable of producing differentiated alkalic lavas. Smaller

thermal anomalies would have produced smaller seamounts with more typical near-ridge

seamount compositions. One of these thermal anomalies maintained its integrity for at

least 14 m.y. and produced the NW-SE trending hot spot track. Small chains and ridges
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of seamounts could have been produced by magmas focussed along fracture zones in

extension because of microplate rotations and changing spreading directions.
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Ontong Java Plateau, Hess Rise, and, perhaps, even the cluster of seamounts

marking the start of the NW-SE Musicians Seamounts hot spot track can be modeled as

flood basalts marking plume-initiation events. However, current models may not be able

to explain the short duration of the Hess Rise and Musicians Seamounts hot spot tracks,

the continuing volcanism observed on Hess Rise and Ontong Java Plateau, and why the

Louisville Ridge has a different isotopic signature than the Ontong Java Plateau.

SPECULAnONS ON THE DEPTHS OF HOT SPOT SOURCES

The simple hot spot model, with large, deep mantle plumes creating chains of

seamounts and islands like the Hawaiian-Emperor chain, may not be the best model for

the volcanism of the modern south Pacific and the Cretaceous western Pacific. Rather,

it may be better to consider a more diffuse region of anomalous upper mantle which, on

the larger scale (ca. 3000 km), maintains its integrity in an absolute reference frame,

but, on the smaller scale (ca. 300 km), serves as a source for local melting anomalies

which create hot spot tracks less than 20 m.y. long.

Also, there seems to be a bimodal distribution in the length of the Pacific hot

spot tracks, either shorter than 20-40 m.y, or longer than 60-80 m.y. A thermal plume

must originate at a thermal boundary layer; thermal boundary layers in the mantle occur

at 670 km and the core-mantle boundary. Perhaps only the long-lived hot spot tracks

are the result of deep mantle plumes which originate at the core-mantle boundary. The

shorter hot spot tracks could be the result of mantle plumes which originate at the 670

km discontinuity. The shallower plumes could still be fixed with respect to the lower

mantle reference frame if their heat source was fixed from below, but might not require

significant mass transfer between the lower and upper mantle.

Certainly, we need more complete sample collections of possible hot spot tracks

worldwide in order to develop and test these models. Not the least of these are the

Cretaceous seamount provinces of the central and western Pacific. The catalog of long

lived, fixed hot spots still cannot be extended into the Late Cretaceous Pacific.
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The Late Cretaceous Musicians Seamounts form the most prominent seamount

province in the Pacific Ocean north and east of the Hawaiian and Emperor Seamount

Chain. About 15 of the seamounts can be attributed to a simple hot spot origin along a

NW-SE trending chain from 96 to 82 Ma [Chapter 2]. Another 15 seamounts have been

dated by either radiometric [Chapter 2] or paleomagnetic [Chapter 1] techniques; all are

between 65 and 96 Ma and formed on ocean crust which could have been no older than

about 15 m.y [Chapter 1]. The purpose of this chapter is to present whole-rock chemical

and isotopic compositions of samples dredged from 28 of the Musicians Seamounts, and

briefly discuss their bearing of the origin of the volcanism which produced the province.

We conclude here that most of the Musicians Seamounts formed as excess seamount

volcanism near a mid-ocean ridge, influenced by a nearby hot spot with mantle source

characteristics more similar to those typically associated with mid-ocean ridge basalt

(MORB) rather than with ocean island basalt (OIB). This anomalous near-ridge

seamount volcanism may have been the result of excess heat from the Late Cretaceous

mantle, magmas focussed along fracture zones in extension because of microplate

rotations, and/or Late Cretaceous Pacific spreading direction changes.

METHODS AND TECHNIQUES

Sixty-four rocks from 35 dredges representing 27 seamounts have been

examined (Table A.l, Figure A.l). Slabs 1-2 em in thickness were taken from the

freshest part of each sample with a water-cooled trim saw, cleaned of any saw marks

with silica carbide wet-dry sand paper, and broken into chips less than 1 ~m thick with

a small hydraulic splitter. These chips were cleaned with distilled water in an ultrasonic

bath, dried, and separated into a more altered fraction (ca. 25%), and a fresher fraction

(ca. 75%). The chips were then pulverized to finer than approximately 200 mesh in a

tungsten carbide crucible -- the more altered fraction was crushed first and the powder

was disposed of, then the fresher fraction was crushed and the powder was saved.

All sixty four whole-rock sample powders were analyzed for the major oxides

at the University of Hawaii School of Ocean and Earth Science and Technology (SOEST)

by wavelength dispersive X-ray florescence (XRF) [Norrish and Hutton, 1969]. Sample

powders were prepared as glass disks in a flux of lithium metaborate, lithium carbonate,
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lanthanum oxide, and sodium nitrate. Initially, volatile contents were measured for most

of the samples individually: H20- was determined after drying overnight at 110°C, and

H20+ and C02 were extracted for 20 mins at 1070°C and collected on P206 for water

and Na-asbestos for C02. Later, volatiles were measured as loss on ignition (LOI) after

8-12 hours at JOOO°C. Note that the LOI analyses are systematically higher than the CO2

+ H20- + H20+ measurements (Table A.2), presumably because of incomplete collection

of C02 and H20+ on the Na-asbestos and P206, volatilization of other components

during LOI measurement, or both. Total oxides ranged from 98.31 to 101.66 percent,

and averaged 100.50 ± 0.09 (standard error of the mean).

Seventeen trace elements -- Sc, Y, Cr, Mn, Co, Ni, Cu, Zn, Rb, Sr, Y, Zr, Nb,

Ba, Pb, Th, and U -- were measured at SOEST on 35 of the whole-rock powders by

wavelength-dispersive XRF [Norrish and Chappel, 1977]. Additionally, Rb, Sr, Zr, Y,

and Nb were measured at the U.S. Geological Survey in Menlo Park, CA, on 50 of the

powders by energy-dispersive XRF [Johnson and King, 1987]. No significant difference

between the two methods was detected for Y and Rb, while the energy-dispersive XRF

analyses were consistently about 10% lower, 5% lower, and 5% higher for Nb, Zr, and

Sr, respectively (Figure A.2). In the following discussion and figures, the wavelength

dispersive analyses where used when measurements from both techniques were available.

The Sr, Nd, and Pb isotopic composition of whole-rock powders and mineral

separates from the Musicians Seamounts [Chapter 2] and three Late Cretaceous

seamounts south and west of the island of Hawaii [Chapter I] were analyzed at Lamont

Doherty Geological Observatory following the techniques of Zindler et a1. [1984] and

Manhes et aI. [1984]. Two different procedures were used to remove the effects of

submarine alteration from whole-rock powders and mineral separates. Whole-rock

powders were subjected to a 5-30 hr harsh leaching procedure with cold and warm (60

80°C) 6N Hel [Staudigel et al., 1991]; this procedure is most successful when the leached

residue consists only of minerals that can be indentified microscopically in grain mounts.

Pyroxene and feldspar phenocrysts were first separated for the rocks using conventional

magnetic and heavy liquid techniques, and then further cleaned with cold 10% HF for

5-10 min followed by 30 min in warm (60-80°C) 6N HCI.

To check that the whole-rock leaching procedure removes most or all of the

effects of alteration, leached powders were analyzed from several samples which also had
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seperable phenocryst minerals. For sample 45-50 from an unnamed seamount northwest

of McCall Seamount, plagioclase, pyroxene, and both leached and unleached whole-rock

powders were analyzed (Table AA.). For two samples of the same lithology from

McCall Seamount, plagioclase from sample 43-51 and both leached and unleached

whole-rock powders from sample 43-50 were analyzed (Table A.4). For two samples of

the same lithology from Brahms Seamount, plagioclase and pyroxene from sample 22-1

and the leached whole-rock powder from sample 22-4 were analyzed (Table A.3). The

Sr and Nd isotopic composition for the leached residue of all three whole-rock samples

was indistinguishable from the isotopic composition of the acid-cleaned, coexisting

plagioclase and pyroxene. As would be expected for altered samples, the Nd isotopic

composition of the two unleached samples is not significantly different from their

corresponding leached residue and mineral separates, while the Sr isotopic composition

was significantly higher.

The Sr and Nd isotopic composition of coexisting plagioclase and pyroxene were

not significantly different for three out of the four sample pairs analyzed. However, the

fourth sample, 59D-31 from Khatchaturian Seamount, had significantly higher Sr

isotopic compositions (ca. 0.7043) for two separately leached splits of the pyroxene

compared to the co-existing plagioclase (ca. 0.7029). This may indicate that the

relatively light leaching used for the mineral separates, 30 min vs 5-30 hr for the whole

rock powders, or the coarser grain size of the mineral separates, 250-125u vs less than

75u for the whole-rock powders, may not completely remove the effects of alteration

from the pyroxene separates. Plagioclase is not as sensitive to Sr alteration as pyroxene,

because the Sr content of plagioclase (here ca. 600 ppm) is more usually more than an

order of magnitude greater than that of pyroxene (here ca. 40 ppm). These results

would suggest that either (l) one should use plagioclase separates for Sr isotopic analyses,

or (2) harsher leaching procedures and/or finer grain sizes are necessary when using

pyroxene from altered samples. For Nd isotopic analyses, pyroxene may be preferred

because the Nd content of pyroxene is generally an order of magnitude greater than that

of plagioclase.

RESULTS AND DISCUSSION

Because of the altered nature of these samples, one cannot rely too heavily on

major element composition to classify the lavas. According to the alkali-silica diagram
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(Figure A.3), the Musicians Seamounts consist mainly of alkalic basalts and their

differentiates, with a subordinate amount of transitional to tholeiitic basalts found along

the east-west ridges and isolated seamounts not associated with the NW-SE age

progressive hot spot track. Because, with alteration, alkali content tends to increase

while silica tends to decrease, alteration effects will tend to suggest that the whole-rock

is more alkalic than the original, unaltered sample. Figure A.4 gives some idea of the

degree of alteration of these samples, with some samples showing significant amounts of

zeolite and clay alteration products (total volatiles up to 7%), phosphorites (P206 up to

7%), or both; relatively fresh samples plot in the lower left-hand corner of Figure A.4.

However, more differentiated rocks will be less affected by alteration than

typical basalts because of their higher alkali contents. One can Sl\Y from Figure A.3 that

the differentiated rocks in the Musicians Seamounts are those generally associated with

alkalic rather than tholeiitic differentiation trends. Lavas from the hot spot seamounts

tend to have higher alkali contents and are often more evolved than lavas from the other

groups in the Musicians Seamounts, and include highly evolved trachytes (especially

Dredge 1) and mugearites (Dredge S) which plot off scale on Figure A.3. Some evolved

lavas are found on isolated seamounts, while lavas from the Musicians Horst and east

west ridges are principally basalts. Histograms of FeO·/MgO and Ti02 (Figure A.S)

show that the hot spot lavas have the higher Ti02 and FeO·/MgO usually associated

with alkalic or ocean island basalts. The isolated seamounts have intermediate Ti02 but

lower FeO·/MgO. The Musicians Horst and east-west ridges lavas have lower

FeO·/MgO and Ti02, and one cannot distinguish whether they are more similar to ocean

ridge or island lavas.

Some of the more alteration-resistant minor and trace elements, such as Zr vs

Ti02 concentration (Figure A.6), indicate that the Musicians lavas have some trace

element ratios which are usually associated with intraplate rather than mid-ocean ridge

environments [Floyd, 1988]. The only deviation from the Zr/Ti =0.012 trend on Figure

A.6 is for the more evolved lavas from the hot spot seamounts and one sample from an

isolated seamount (Brahms), which trend to higher Zr but lower Ti02, again indicating

that the hot spot seamount lavas trend to more evolved compositions. It is difficult to

distinguish fractionation from partial melting/source processes on a Nb/Ti vs Nb plot

(Figure A.7, top). However, on a Nb/Zr vs Nb plot (Figure A.7, bottom), the hot spot

seamounts mark a more subhorizontal trend generally more the result of fractionation
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processes, while the Musicians Horst and isolated seamount samples trend to somewhat

higher values which generally reflect a greater influence from source region/partial

melting processes.

Ratios of the alteration-resistant trace elements, perhaps the best way to see

through the effects of low temperature alteration, imply a source for the Musicians

Seamounts lavas transitional between typical OIB and MORB sources. This is best seen

in a plot of Nb/Y vs Zr/Y (Figure A.8). Note that all ratios are reported as the more

incompatible element over the less incompatible element, i.e., a higher ratio means a

more enriched composition. Thus, in Figure A.8, more depleted or tholeiitic lavas plot

in the lower left while more enriched or alkalic lavas plot in the upper right. None of

the Musicians lavas are especially alkalic, here all of the Nb/Y < -I and Zr/Y < -5,

which are ratios which generally separate alkalic from tholeiitic lavas (for example,

Pearce and Cann, 1973; Floyd and Winchester, 1975). Lavas from isolated seamounts

cannot be separated from lavas on the age progressive trend, although they may be

slightly more enriched. Lavas from the Musicians ridges are even more depleted, and

cannot be distinguished from some MORB sources. Nb/Zr vs Ba/Zr (Figure A.9) also

shows that the Musicians lavas are less enriched than most intraplate lavas (c.f', Figure

4.11), and that the hot spot lavas as well as the east-west ridge lavas are the least

enriched.

Sr, Nd, and Pb isotopic compositions of the Musicians lavas are indicative of a

mantle source intermediate between typical MORB and OIB sources (Table A.3, Figure

A.JO). Of all the Cretaceous seamounts in the Pacific basin studied to date [i.e.,

Staudigel, et al., 1991; Pringle, in press; Garcia et al., in press; Mahoney and Spencer,

1991; Castillo et al., 1991], the Musicians Seamounts and South Hawaiian Seamounts

(Table A.4) have the most depleted signature, very similar to E-type MORB and the

alkalic seamount lavas from the EPR [Zindler, et al., 1984]. Moreover, a positive

correlation between incompatible trace element enrichment (Nb/Zr) and more radiogenic

isotope ratios (143Ndjl44Nd) suggests mixing between a depleted source (N-MORB?) and

a more enriched source (PREMA of Zindler and Hart, 1986?). This is also consistent

with the EPR alkalic seamount lavas.

Staudigel, et aI. [1991] and Smith, et al. [1989] examined the present day locations

of the melting anomalies which formed the Cretaceous seamounts found in the western
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Pacific. They defined a "South Pacific Isotopic and Thermal Anomaly" (SOPITA, Figure

A.II) which describes the region where some of the most extreme isotopic compositions

observed in OIB are erupted today, and where much of the Cretaceous seamount

volcanism of the western Pacific erupted 80 to 130 Ma. This region is within the

DUPAL anomaly of Hart [1985] and includes the location of the Austral-Cook, Society,

Tuamoto, Marquesas and Samoan island groups. However, the location of the melting

anomalies which formed the Musicians Seamounts falls north and east of the SOPITA

(Figure A.J I). This is consistent with the conclusion that the chemical signature of the

Musicians Seamounts was influenced more by near-ridge than intraplate processes, and

emphasizes that not all Pacific Cretaceous volcanism has the anomalous SOPITA isotopic

signature.

The size distribution of the Musicians seamounts is intermediate between the

smaller. near-ridge and the larger, hot spot seamount distributions [i.e., Smith and

Jordan, 1987; Fornari, et al., 1987; Batiza, 1981, 1982]. Such an intermediate size

distribution might describe either smaller than normal intraplate seamounts, or larger

than normal near-ridge seamounts. The gravity signature of the Musicians Seamounts is

almost nonexistent, as seen, for example, on the regional compilations of SEASAT

altimeter measurements [Haxby, J987]. This is important in seamount studies because

seamounts which form in a near-ridge environment have a subdued gravity signature,

while true intraplate seamounts are not well compensated and have pronounced gravity

signatures. More detailed gravity modeling [Freeman and Parsons, 1986; M.S. Pringle

and W.H.F. Smith, unpublished data] confirms that all of the Musicians Seamounts

formed on crust less than 20 m.y, old and probably less than 15 m.y. old.

Thus, we conclude that the Musicians Seamounts are more similar to near-ridge

seamounts than intraplate seamounts. which implies an origin in a near-ridge

environment with an excess heat and/or magma budget producing larger than normal

near-ridge seamounts, rather than a relatively small heat and/or magma budget

producing smaller than normal hot spot seamounts. This agrees with the analysis of

Smith and Jordan [1987], who found fewer but larger seamounts on Cretaceous ocean

crust compared to Tertiary ocean crust (examining only seafloor removed from any

obvious hot spot influence). They concluded that, if these observations were not a result

of systematic errors in their data set, the processes which created the seamount
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population on Cretaceous seafloor could not be the same steady-state processes which

have created the seamount populations found on more recent ocean crust.

191

Excess near-ridge volcanism in the Late Cretaceous Musicians Seamounts is also

consistent with evidence for widespread Cretaceous volcanism in the western Pacific in

particular and the entire circum-Pacific in general [Schlanger, et al, 1981; Rea and

Vallier, 1983; Larson, 1991, etc.]. While Smith and Jordan [1987] could only group

seamounts by the age of the seafloor on which they were built, an age data base for over

60 sites of Cretaceous volcanism in the Pacific now exists (Figure A.12). Although some

bias obviously results from the seamount provinces which are better-studied than others,

as well as the larger area of Late Cretaceous compared to Early Cretaceous seafloor, the

concentration of seamounts 85-80 Ma is striking.

Although the precise temporal and spatial distribution of Cretaceous volcanism is

not very well known, Larson [1991] estimated the global ocean crust production budget

for the last 150 m.y., including an estimate for any subducted ocean crust. He

concluded that the mid-Cretaceous volcanic event represents a worldwide, twofold

increase in the amount of heat released by mid-ocean ridges and hot spots, and that a

significant fraction of this anomalous volcanism was found in the Pacific Basin. To

examine the examine the Pacific record in more detail, Figure A.13 uses only data from

rhe Pacific plate which still exists today. The most striking peak in Pacific volcanism,

representing the building of the Ontong Java and Manihiki plateaus, occurs around 120

Ma (the Cretaceous "superplume" of Larson, 1991). A second peak in volcanism, also

seen mainly in the hot spot or seamount flux, occurs around 80 Ma, similar to the peak

in the seamount distribution seen in Figure A.12. Another peak in the hot spot or

seamount flux occurs around 50-40 Ma. Since sometime around 80 Ma there was a

change in central Pacific spreading direction [Chapter I], while at 43 Ma there was a

significant change in the absolute motion of the Pacific plate [Dalrymple and Clague,

1976], it seems reasonable to speculate about a causal relationship between at least some

anomalous seamount volcanism and plate velocity changes.
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Table A.1. Musicians Seamounts Dredge Locations and Depths.

Deepest
Cruise Feature Latitude Longitude Depth Depth

Dredge (N) (lJ) (m) - Gl to

KK80041402 (Hawaii Institute of Geophysics)
1 Uncharted Smt 33° 29' 166° 32' 3220 - 3800 2300
2 Unnamed Smt 34° 5' 166° 30' 4400 - 4565 3065
3 Unnamed Smt 33° 52' 166° 31' 3410 - 3495 1995
4 Unnamed Smt 33° 50' 166° 60' 3050 - 3060 1560
5 Hammerstein Smt 32° 28' 165° 48' 3150 - 2900 1400
7 Mahler Smt 31° 38' 165° 6' 2740 - 2700 1200
8 Wagner Smt 31° 48' 162° 51' 2500 - 2525 1025
9 Wagner Smt 31° 40' 163° l' 2350 - 2550 1050
10 Wagner Smt 31° 39' 162° 52' 2625 - 2550 1050
13 Bizet Smt 32° 21' 161° 39' 4250 • 4060 2560
15 Donizetti Smt 32° 9' 160° 16' ? - 4000 2500
16 Schubert smt 31° 56' 162° 14' 2460 - 3150 1650
20 Schubert smt 31° 56' 162° 6' 2310 • 2550 1050
21 Brahms smt 31° 7' 162° 22' 2270 • 2530 1030
22 Brahms Smt 31° 13' 162° 20' 2160 • 3660 2160
23 Liszt Smt 28° 58' 162° l' 2820 - 3270 1770

KK80071500 (Hawaii Institute of Geophysics)
25 Kaluakalana 23° 19' 158° 19' 2400 - 3000 1500
26 Pat.makua 24° 53' 157° 7' 2200 - 3000 1500
27 Bach Ridge 26° 35' 158° 50' 3430 - 3530 2030
28 Rameau Ridge 26° 0' 158° 58' 3500 • 4070 2570
29 Rameau Ridge 26° 4' 158° 12' 4000 - 4750 3250
30 Umamed Smt 27° 33' 158° 33' 4100 • 4850 3350
31 Handel Smt 27° 25' 159° 52' 3000 - 3400 1900
32 Gluck Smt 26° 55' 160° 3' 2000 - 3000 1500
33 Haydn Smt 26° 38' 161° 12' 2000 - 3000 1500
34 Ravel Smt 270 19' 161° 39' 2900 - 3500 2000
35 Chopin Smt 260 9' 1620 4' 2000 • 2450 950
36 Chopin Smt 260 5' 161° 42' 2500 - 3400 1900
37 E Mendelssohn smt 25° 11' 161 0 36' 1800 - 2600 1100
38 W-Mendelssohn Smt 25° 8' 161 0 57' 2700 - 3600 2100
39 E Scht.mann Smt 250 54' 1600 3' 2500 • 3200 1700

KK84082402 (Hawaii Institute of Geophysics)
52 WScht.mann Smt 25° 57' 1590 54' 2700 - 3000 1500

ARIES7 (Scripps Institute of Oceanography)
57 Mussorgski
58 Rachmaninoff Smt 29° 33' 1630 22' 1560 - 2500 1000
59 Khatchaturian Smt 28° 8' 1620 17' 2270 - 2850 1350
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Table A.2.

Major and Selected Trace Element Compositions of ~hole Rock Samples from the Musicians Seamounts.

1-9 1·10 1·19 2·5 2-6 4·10 5·1 5-16 5·27 7·1 7-16
HS HS HS HS HS HS HS HS HS HS HS

Si02 64.32 50.60 47.19 47.32 48.08 48.69 45.96 56.32 54.25 49.06 50.46
Ti02 0.32 0.61 3.18 2.66 2.29 2.76 3.03 0.68 0.64 2.23 2.31
Al203 15.22 15.08 17.13 18.67 17.34 18.07 16.19 17.05 16.47 16.68 17.65
Fe203 4.99 5.36 10.44 12.32 12.03 6.n 12.18 10.55 10.01 6.30 4.51

MnO 0.12 0.14 0.10 0.13 0.13 0.17 0.09 0.35 0.32 0.08 0.06
MgO 0.11 1.14 1.85 2.96 3.00 1.59 2.03 1.00 1.03 0.57 0.50
CaO 0.31 10.26 8.33 5.83 7.17 8.57 7.28 2.16 3.50 10.13 10.53

Na20 6.21 4.86 3.79 3.06 3.08 3.54 3.79 5.23 5.09 4.81 4.59
K20 6.44 2.57 1.37 2.16 2.21 1.87 1.45 2.45 2.39 3.08 3.16

P205 0.09 5.54 3.08 1.18 1.84 3.09 3.00 0.15 1.11 4.46 4.71
H2O- 0.24 2.08 2.12 3.55 2.24 2.72 3.17 3.07 3.06 0.57 0.57
H20+ 0.38 1.38 2.36 1.33 1.28 1.93 1.94 2.52 2.56 0.70 0.86

CO2 0.11 0.99 0.54 0.06 0.06 0.70 0.21 0.13 0.29 0.69 0.75

LOI 7.56

SUM 98.86 100.61 101.48 101.23 100.75 100.47 100.32 101.66 100.72 99.36 100.66

Feo*/MgO 40.82 4.23 5.08 3.74 3.61 3.83 5.40 9.49 8.74 9.94 8.12
T_VOL 0.73 4.45 5.02 4.94 3.58 5.35 5.32 5.72 5.91 1.96 2.18
T_ALK 12.65 7.43 5.16 5.22 5.29 5.41 5.24 7.68 7.48 7.89 7.75

lID XRF (ppm):

Sc 29 43 44 40 29
V 186 243 151 334 159

Cr 5 211 174 69 16
Mn 637 677 929 1212 823
Co 28 31 28 56 33
Ni 34 103 79 113 63
cu 59 165 174 61 93
Zn 234 240 206 167 336
Rb 31 44 46 20 35
Sr 432 252 272 374 370

y 83 99 127 146 73
Zr 365 196 178 300 415
Nb 46 19 17 34 52
Ba 161 61 87 269 114
Pb 4 4 3 3 5
Th 4 <1.5 2 2 5
U 4 2 2 23 3

ED XRF (ppm):

Rb 166 12 31 45 42 21 37 36 33 56 53
Sr 14 354 463 266 275 391 388 246 269 541 576

y 166 153 78 97 118 143 77 30 47 80 65
Zr 1143 711 337 183 162 277 387 1108 1077 354 418
Nb 122 47 37 18 13 29 48 83 84 57 64
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Table A.2 (continued).

194

Major and Selected Trace Element Compositions of ~hole Rock Samples from the Musicians Seamounts.

7-17P 23-3 23-8 A57-7 A57-8 A58-0 A58-15 A58-25 A58-31 A58-33 A59-31
HS HS HS HS HS HS HS HS HS HS HS

Si02 48.52 48.29 49.14 48.29 47.34 49.56 45.05 47.34 50.40 47.58 47.38
Ti02 2.37 2.13 3.25 3.11 2.90 3.72 3.36 3.92 2.14 3.71 2.31
Al203 19.04 16.10 17.43 17.59 17.53 17.25 16.43 17.96 17.25 16.98 19.63
Fe203 10.80 10.84 13.65 9.75 9.17 11.15 10.65 10.84 6.92 10.90 11.62

MnO 0.06 0.09 0.15 0.05 0.07 0.07 0.18 0.14 0.11 0.14 0.10
MgO 1.56 2.51 3.13 1.72 1.52 1.52 1.74 3.08 1.15 3.63 2.52
CaO 7.80 6.61 8.59 8.00 8.36 7.96 9.03 9.85 8.14 9.20 9.60

Ha20 2.78 3.57 3.59 3.72 3.40 4.44 4.01 3.55 5.03 3.75 2.99
K20 1.85 1.23 1.43 1.98 2.38 2.20 1.88 0.96 2.13 1.02 1.38

P205 0.71 2.50 0.61 2.16 2.84 2.58 3.36 0.96 2.87 0.96 1.00
H20- 2.78 4.18 2.02 2.07 3.06 1.43 1.06 1.92 1.03
H20+ 1.30 2.14 1.32 1.87 1.23 1.31 0.84 0.73

CO2 0.08 0.19 0.18 0.57 0.23 0.31 0.27 0.06

LOI 4.52 6.26 6.20 6.06 3.88 4.51

SUM 99.65 100.38 100.97 99.88 100.02 100.45 100.21 101.65 98.31 100.58 99.56

Feo*/MgO 6.23 3.89 3.92 5.11 5.43 6.60 5.52 3.17 5.41 2.70 4.14
T_VOL 4.16 6.51 3.52 4.51 4.52 3.05 2.17 2.71 1.03
T_ALK 4.63 4.80 5.02 5.70 5.78 6.64 5.89 4.51 7.16 4.78 4.37

WI) XRF (ppm)

Sc 29 27 44 27 16
V 201 44 324 145 80

Cr 28 5 374 117 13
Mn 418 579 522 445 n9
Co 30 19 17 46 25
Hi 34 56 79 95 26
cu 93 62 224 65 43
Zn 178 247 153 148 180
Rb 44 25 23 34 25
Sr 394 350 366 480 504

y 39 116 59 102 61
Zr 161 580 240 253 455
Hb 23 62 23 31 61
Ba 113 116 95 236 724
Pb 3 4 3 3 4
Th 2 6 2 3 6
U 2 2 <1.5 <1.5 <1.5

ED XRF (ppm)

Rb 50 23 30 57 47 19 27 19 44
Sr 421 364 383 481 581 533 551 505 415
y 37 115 56 58 112 39 63 55 38

Zr 158 534 225 330 320 295 428 325 149
Nb 21 52 25 41 34 39 54 40 18
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Table A.2 (continued).

Major and Selected Trace Element Compositions of Whole Rock Samples from the Musicians Seamounts.

A59-33 8-9 9-4 9-31 13-1 15-1 16-8 20-1 20-2
HS HR HR HR HR HR HR HR HR

Si02 41.20 44.05 48.45 48.74 49.98 47.64 48.62 47.50 48.01
Ti02 3.24 1.60 1.42 1.30 2.63 2.62 2.16 2.38 2.39
Al203 13.84 20.59 16.83 18.32 17.61 19.27 18.16 19.57 19.59
Fe203 11.16 9.63 10.13 11.22 11.75 12.08 9.67 5.81 6.14
MnO 0.11 0.03 0.11 0.11 0.14 0.21 0.06 0.05 0.07
HgO 2.00 2.01 6.44 3.32 1.84 2.28 2.39 1.57 1.64
CaO 14.09 10.55 9.08 9.86 5.26 7.01 7.42 10.85 9.20

Na20 3.85 3.24 3.13 3.09 3.18 3.03 3.08 3.31 3.23
K20 0.76 2.27 0.83 1.09 2.30 1.58 2.59 2.25 2.34

P205 6.29 3.91 0.48 0.52 0.53 0.83 1.76 3.72 2.89
H2O- 2.23 2.05 2.32 1.52 3.23 2.53 2.45 1.74 2.04
H20+ 1.16 1.22 2.14 1.49 1.65 2.12 1.68 1.67 1.72

CO2 0.50 0.33 0.22 0.10 0.06 0.05 0.11 0.37 0.26

LOI 5.53

SUM 100.43 101.48 101.58 100.68 100.16 101.25 100.15 100.79 99.52

Feo*/MgO 5.03 4.31 1.42 3.04 5.75 4.n 3.64 3.33 3.37
T_VOL 3.89 3.60 4.68 3.11 4.94 4.70 4.24 3.78 4.02
T_ALK 4.61 5.51 3.96 4.18 5.48 4.61 5.67 5.56 5.57

IJD XRF (ppm)

Sc 37 64 52 30 21
V 179 207 259 163 213

Cr 292 ln 218 212 104
Mn 895 970 1527 465 412
Co 60 43 36 36 49
Ni 139 83 92 106 58
cu 146 186 151 135 67
Zn 210 141 187 184 252
Rb 27 42 42 54 42
Sr 200 207 279 346 634

y 25 70 67 40 51
Zr 62 172 230 169 257
Nb 8 12 17 36 64
Sa 35 33 98 171 426
Pb <2 2 2 4 4
Th <1.5 <1.5 <1.5 4 5
U 2 <1.5 <1.5 3 2

ED XRF (ppm)

Rb 16 69 20 27 40 45 60 46 48
Sr 507 534 268 209 215 301 380 689 635

y rr 67 24 20 65 66 43 54 64
Zr 301 160 93 62 159 217 168 252 252
Nb 29 34 19 9 12 17 32 58 56
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Table A.2 (continued).

Major and Selected Trace Element Compositions of ~hole Rock Samples from the Musicians Seamounts.

21·6 22-4 22-5 25-3 26-2 30-5 31·1 31-5 32-1 32-1C 32-6
IS IS IS IS IS IS IS IS IS IS IS

Si02 36.74 48.47 47.63 46.82 49.17 50.65 49.54 49.70 50.16 49.75 49.67
Ti02 0.64 3.15 2.95 3.78 2.40 2.34 1.67 1.69 2.68 2.42 2.42
Al203 11.29 16.37 15.41 15.63 16.59 19.n 15.69 15.60 15.75 15.16 15.72
Fe203 2.06 11.57 12.75 13.78 9.84 9.73 10.41 10.87 9.59 10.94 11.52

MIlO 0.02 0.16 0.16 0.12 0.13 0.09 0.18 0.17 0.13 0.15 0.14
MgO 0.74 4.32 4.42 2.75 4.24 1.32 5.09 5.27 4.49 5.42 4.52
CaO 22.95 10.54 10.13 8.06 11.16 6.28 11.60 11.85 10.48 10.75 10.16

Na20 4.34 3.38 3.28 3.78 3.22 3.57 2.96 3.19 3.29 3.29 3.15
K20 2.61 0.92 0.99 1.79 0.74 2.61 0.67 0.48 0.72 0.48 0.75

P205 13.78 0.66 0.70 1.39 0.85 0.88 0.32 0.26 0.74 0.51 0.55
H2O- 0.30 0.94 0.96 1.21 1.11 1.60 0.86 0.56 1.20 1.12 1.33
H20+ 1.52 0.91 1.03 1.43 0.98 2.10 0.83 0.73 0.98 1.02 1.31

CO2 2.06 0.11 0.12 0.31 0.23 0.35 0.06 0.04 0.18 0.05 0.12

LOI

SUM 99.05 101.50 100.53 100.85 100.66 101.29 99.88 100.41 100.39 101.06 101.36

Feo*/MgO 2.50 2.41 2.60 4.51 2.09 6.63 1.84 1.86 1.92 1.82 2.29
T_VOL 3.88 1.96 2.11 2.95 2.32 4.05 1.75 1.33 2.36 2.19 2.76
T_ALK 6.95 4.30 4.27 5.57 3.96 6.18 3.63 3.67 4.01 3.n 3.90

W XRF (ppm)

Sc 6 36 25 42 37 56 49
V 90 309 268 272 221 331 334

Cr 26 180 79 228 150 269 108
Mn 138 1050 709 939 560 1195 943
Co 12 63 40 36 17 67 87
Ni 53 121 50 56 66 97 105
Cu 33 -74 59 74 108 171 46
Zn 97 207 219 110 106 93 131
Rb 15 17 34 11 35 9 10
Sr 648 321 396 318 362 146 263

y 205 43 55 36 57 37 42
Zr 1098 225 310 170 232 103 184
Nb 49 24 35 17 47 5 15
Ba 1218 157 145 45 292 <7 35
Pb 5 2 <2 <2 3 <2 <2
Th 5 2 <1.5 <1.5 5 <1.5 <1.5
U 2 2 <1.5 <1.5 <1.5 <1.5 <1.5

ED XRF (ppm)

Rb 18 36 10 8 7 8 14 20
Sr 346 413 352 149 158 279 259 284

y 41 52 31 34 32 39 33 32
Zr 212 290 163 93 98 1n 165 157
Nb 21 30 16 7 7 14 15 17

196



Appendix. Musicians Geochemistry

Table A.2 (continued).

197

Major and Selected Trace Element Compositions of Whole Rock Samples from the Musicians Seamounts.

35-1 36-1 36-6 37-2 38-1 38-2 52-51 27-1 27-2 27-4 28-2
IS IS IS IS IS IS RG RG RG RG RG

Si02 50.10 50.34 48.89 50.39 50.08 47.08 49.82 50.42 49.91 48.02 45.12
noz 2.44 3.44 2.86 2.45 2.98 3.14 1.84 2.09 2.12 2.02 2.95
Al203 18.72 17.23 17.61 19.43 17.49 14.82 22.11 16.54 15.89 15.66 18.68
Fe203 9.86 8.97 8.99 5.41 10.55 16.41 7.80 10.64 10.05 11.11 13.13

MnO 0.11 0.11 0.07 0.11 0.17 0.21 0.09 0.13 0.15 0.16 0.08
MgO 1.08 2.13 1.74 1.44 2.88 3.02 3.02 4.15 4.58 4.17 1.47
CaO 6.45 8.10 7.49 8.90 9.81 8.57 11.79 10.35 11.50 11.90 8.22

Na20 3.51 4.21 4.02 3.80 3.53 3.37 3.34 3.96 3.77 3.43 2.95
K20 3.43 2.54 2.40 3.01 0.74 0.95 0.90 0.64 0.52 0.71 1.37

P205 1.29 1.25 2.41 2.16 0.61 0.76 0.40 0.44 0.63 1.39 1.86
H2O- 0.88 0.81 2.52 1.02 1.42 1.32 0.64 0.48 1.05 2.30
H20+ 1.71 0.61 1.31 1.27 1.07 1.36 0.75 0.77 0.85 1.95

CO2 0.27 0.12 0.20 0.44 0.03 0.11 0.07 0.11 0.30 0.17

LOI 6.31 3.10

SUM 99.85 99.86 100.53 99.83 101.36 101.12 101.11 100.82 100.48 100.77 100.25

Feo*/MgO 8.21 3.79 4.64 3.38 3.30 4.89 2.32 2.31 1.97 2.40 8.04
T_VOL 2.86 1.54 4.03 2.73 2.52 2.79 1.46 1.36 2.20 4.42
T_ALK 6.94 6.75 6.43 6.81 4.27 4.32 4.24 4.60 4.29 4.14 4.32

WI> XRF (ppm)
Sc 30 34 38 25 52 45 45
V 217 291 334 200 338 312 313

Cr 252 35 16 93 58 48 339
Hn 423 731 1182 673 1023 1131 560
Co 20 38 111 40 84 54 18
Ni 65 30 27 27 45 60 35 69
CU 89 46 86 122 46 98 121 257
Zn 137 103 159 205 121 95 111 146
Rb 77 59 7 17 19 7 13 23
Sr 512 493 332 303 398 232 246 377

Y 29 48 43 43 24 40 46 65
Zr 225 309 234 232 138 146 138 238
Nb 54 55 29 30 16 10 10 23
Ba 382 379 136 64 22 23 102
Pb 2 4 3 2 <2 <2 <2 <2
Th 5 5 3 3 <1.5 <1.5 <1.5 <1.5
U 2 <1.5 2 3 <1.5 2 <1.5 <1.5

ED XRF (ppm)

Rb 39 7 20 15 5 11 22
Sr 752 350 321 245 254 264 393

Y 32 41 43 38 36 41 62
Zr 301 217 225 137 139 130 225
Nb 56 27 27 11 10 10 20
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Table A.2 (continued).

198

Major and Selected Trace Element Compositions of ~hole Rock Samples from the Musicians Seamounts.

28-3 29-17 29-19 29-23 33-7 33-13 33-14 33-16 34-1 34-14 39-3
RG RG RG RG RG RG RG RG RG RG RG

Si02 45.36 46.85 46.88 46.35 50.67 45.66 46.74 49.06 46.89 49.70 45.24
Ti02 2.92 2.64 2.44 2.40 1.83 2.75 2.49 2.45 2.54 1.16 2.24
Al203 19.43 18.55 16.48 16.71 21.24 16.34 14.33 17.62 17.82 23.13 17.88
Fe203 13.60 13.36 11.81 12.45 7.32 11.38 15.34 11.20 13.27 7.47 12.59

MnO 0.08 0.12 0.08 0.10 0.10 0.10 0.07 0.07 0.08 0.07 0.11
MgO 1.56 2.21 4.91 4.71 1.90 1.92 3.50 2.79 1.67 2.20 1.53
CaO 7.65 6.74 8.96 7.96 8.32 9.29 9.99 8.31 6.55 11.36 8.42

Ha20 2.94 3.24 3.04 3.01 3.13 3.23 2.90 3.16 2.97 2.86 3.05
K20 1.41 2.02 0.84 0.98 1.73 1.65 1.44 1.52 2.00 0.79 1.62

P205 1.25 0.90 0.80 0.67 0.42 2.98 1.35 0.70 1.28 0.28 2.08
H20- 2.50 1.67 2.10 3.14 2.44 3.10 1.60 2.29 3.19 0.97 2.37
H20+ 1.86 1.85 1.68 1.72 1.26 1.87 1.57 1.09 2.28 0.76 2.15

CO2 0.16 0.10 0.07 0.09 0.12 0.23 0.20 0.12 0.07 0.00 0.20

LOI 7.15 6.47 5.96 7.22 5.21 2.84

SUM 100.72 100.25 100.09 100.29 100.49 100.49 101.52 100.38 100.61 100.74 99.48

Feo*/MgO 7.87 5.45 2.16 2.38 3.46 5.32 3.94 3.61 7.15 3.05 7.40
T_VOL 4.52 3.62 3.85 4.95 3.82 5.20 3.37 3.50 5.54 1.73 4.72
T_ALK 4.35 5.26 3.88 3.99 4.86 4.88 4.34 4.69 4.97 3.64 4.67

WD XRF (ppm)

Sc 43 35 42 37 44 43
V 302 288 114 284 271 229

Cr 283 286 231 69 272 348
Mn 896 672 742 1033 653 875
Co 39 43 53 44 25 29
Hi 111 116 115 29 87 99
cu 129 92 74 80 134 191
Zn 210 290 102 169 156 168
Rb 32 22 26 40 36 31
Sr 334 303 270 261 310 370

y 56 35 24 40 66 59
Zr 208 190 122 167 202 173
Hb 27 25 10 13 21 18
Sa 123 87 18 31 110 126
Pb 2 <2 <2 <2 3 <2
Th 2 3 <1.5 <1.5 2 <1.5
U <1.5 <1.5 2 2 <1.5 2

ED XRF (ppm)

Rb 26 32 22 24 24 31
Sr 378 343 323 311 278 381

y 56 54 32 32 22 56
Zr 223 195 180 182 120 163
Nb 24 23 22 23 11 18
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Table A.4.

200

Isotopic Composition and Isotope Dilution of Selected Samples for the South Hawaiian Seamounts.

Sample # Rock type Sample
Type

K Rb Sr
(ppm) (ppm) (ppm)

87Sr/
86Sr ±2sd

Sm Nd
(ppm) (ppm) ±2sd

McCall Seamount (18°43'N 157°05'W)

KK848 43-50 Plag Basalt WR·UNL 6467 33.7 1200 .702922 ±29 7.68 36.6 .513020 :1:23
WR-LCH 4262 10.8 685 .702846 ±29 1.807 7.39 .513040 ±19

KK848 43-51 Plag Basalt PLAG 13n .78 1116 .702862 ±35 .249 1.95 .513008 ±30

Unnamed Seamount (19°14'N 157°10'11)

KK848 45-50 Plag Basalt WR·UNLCH 9800 33.5 882 .703830 ±28 9.75 46.4 .512928 :1:25
WR-LCH 2920 12.1 1234 .703187 ±33 .303 1.95 .512968 ±19
PLAG 1574 .516 1330 .703128 ±47 .233 1.74 .512951 ±24
CPX 85.5 .284 67.8 .703182 ±34 5.481 15.63 .512973 ±23

Cross Seamount (18°38'N 158°17'11)

S033 3DK-1A Trachyte WR-LCH 16590 41.9 373 .703n6 ±26 .887 6.381 .512838 :1:20
S0336DK-1A Hawaiite WR-LCH 10320 64.1 751 .703522 ±22 2.05 9.64 .512965 ±24
-----.-_._------------.---------------------_ .._-------------.-.---------------------------------.-
87Sr/86Sr relative to E&A = 0.708000 (i.e. + .000047)
143Nd/144Nd relative to BCR-1 = 0.512650 (i.e. + .000039)
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Figure A.4. P206 vs total volatiles of samples from the Musicians Seamounts (to show

general degree of alteration of the sample suite). Fresh basalts generally have <0.5%

P206 and <I % total volatiles; some much less.
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Figure A.6. Zr vs Ti02 of samples from the Musicians Seamounts. Line shown has a

Zr/Ti ratio of 0.012, typical for intraplate basalts [Floyd, 1988]. Samples with Zr/T!

significantly above 0.012 describe more evolved compositons.
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Figure A.10. 87Sr/86Sr vs 206Pb/204Pb of samples from the Musicians Seamounts and

other Cretaceous Pacific volcanic provinces. Data sources: Musicians Seamounts, this

study; Marshall Islands, Hemler Smt, and Himu Smt, Staudigel et al. [1991]; Louisville

Ridge, Cheng et al. [1987]; Line Islands, Garcia et al. [in press]; Nauru Basin, Castillo et

al. [1991]; Site 800 and E. Mariana Basin, Castillo et aI. [in press], and Ontong Java and

Manihiki plateaus, Mahoney and Spencer [1991].
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Figure A.II. Present day and original locations of sites of Cretaceous volcanism in the

Pacific Basin, and a model hot spot track between the two locations for each of those

sites. Model hot spot tracks calculated from the age of each site of volcanism [sources

listed in the caption of Figure A.12] and the rotation poles of Duncan and Clague [1985].
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Figure A.12. Age distribution of dated Cretaceous Pacific seamounts. Ages from this

work; Pringle [in press]; Lincoln et aI. [in press]; Mahoney et aI. [in press]; Winterer et aI.

[in press]; Schlanger et at. [1984]; Watts et aI. [1987]; and Pringle [unpublished data].
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