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Geomagnetic polarity reversal model of deep-tow profiles
from the Pacific Jurassic Quiet Zone

William W. Sager?’2 Chester J. WeisdMaurice A. Tivey\?’ and H. Paul Johnsfin

Abstract. The Jurassic magnetic "Quiet Zone" (JQZ) contains magnetic lineations, but their

low amplitudes make correlation and interpretation difficult. Part of the problem is the separation
of source and sensor for old, deep ocean crust. We increased anomaly amplitudes by collecting
magnetic data along two deep-tow profiles over western Pacific JQZ lineations. A magnetic
polarity reversal timescale was constructed by matching deep-tow anomalies with a simple,
rectangular block magnetization model for oceanic crust. The polarity sequence covers ~11 m.y.
(156-167.5 Ma) and contains 88 pre-M29 polarity chrons extending to Chron M41. A limitation

of this model is its poor representation of the oldest anomalies upward continued to sea level. On
deep-tow profiles these anomalies have both long- and short-wavelength components, but only the
latter are easily modeled on a datum close to the source. An alternative polarity model was
constructed to match the anomalies upward continued to sea level. This model retains only 44%
of the deep-tow model polarity chrons because of short-wavelength attenuation by upward
continuation. Because of the inferred periods and magnetization contrasts, we think many of the
short-wavelength anomalies represent paleofield intensity fluctuations. In contrast, polarity
reversals have been documented by prior magnetostratigraphic work for the younger part of the
timescale covered by our model. Thus our data may show a transition from a geomagnetic field
behavior dominated by intensity fluctuations to one dominated by reversals.

1. Introduction Jurassic age. The younger of these two gaps is termed the
"Cretaceous Quiet Zone" and corresponds to a period of ~37
Linear magnetic anomaly "stripes” are characteristic jmy, (83.5-120.4 Ma Gradstein et al. 1994]) when the
features of oceanic lithosphere that result from geomagnetiqgeomagnetic field was demonstrably in a nearly constant
reversals recorded by the process of ocean crust formationnormal polarity state Helsley and Steiner 1969] except
They exist because ocean crustal rocks are emplaced in gerhaps for a few brief reversed intervals (see revievdby
narrow, linear zone parallel to the mid-ocean ridge crest,[1995]). The origin of the Jurassic "Quiet Zone" (JQZ) appears
crustal rocks preserve a remanent magnetization parallel to th@jifferent. From land magnetostratigraphic data, it appears to be
ambient field at the time of formation, and the geomagneti(:a period Containing many geomagnetic field reverﬁtsi{]er
field has repeatedly changed polarityife and Matthews  and Ogg 1988;0gg 1995], but the resing marine magnetic
1963]. Magnetic lineation studies have been carried out forjjneations are difficult to detect and correlate because of their
many reasons, one of the more significant being that theyow amplitudes. Indeed, several studies have shown an
constitute a contiuous record of geomagnetic polarity envelope of decreasing anomaly intensity going back into the
epochs, and therefore, they are the foundation of much of thgyyrassic, with one explanation being a systematic reduction in
geomagnetic polarity timescale (GPTS). The basic approachield intensity going backward in time [e.gHayes and
in deriving a GPTS is to deduce a polarity time series using aRabinowitz 1975;Cande et al.1978].
simple alternating polarity block model of the upper ocean |njtial studies of Jurassic crustiggested the JQZ was a
crust and to interpolate or extrapolate the dates for blockperiod of constant normaHgirtzler and Hayes1967; Burek

boundaries using age calibration points [eHgijrtzler et al, 1970: Larson and Pitman 1972: Larson and Hilde 1975;
1968; Larson and Hilde 1975;LaBrecque et a).1977;Cande  Hayes and Rabinowit1975] or reversed polarityTfylor and
and Kent 1992a; 1995]. Greenewalt 1976], but later magnetic anomaly studies

Although  magnetic  lineations have been mapped systematically pushed the end of the JQZ backwards in time
throughout the world's oceans, they are not generallyfrom Chron M22 to Chron M38LRrson and Hilde 1975;
identified over seafloor of mid-Cretaceous or Middle to Late cande et al. 1978; Handschumacher et al1988]. Polarity

chrons back to M25 have been correlated in all the major ocean
1Department of Oceanography, Texas A&M University, College Station. basins, whereas M26-M29 have only been positively identified

’Also at Department of Geology and Geophysics, Texas A&M over lithosphere created by rapid spreading in the Pacific (M26-
University, College Station. M29) [Cande et al. 1978] and eastern Indian oceans (M26)
3Department of Geology and Geophysics, Woods Hole Oceanographic . . . e
Institution. Woods Hole. Massachusetts. [Sager et al.1992]. Older lineations have been identified only
4School of Oceanogréphy, University of Washington ti8ea in the Japanese lineation group at two locations in the western
Pacific Handschumacher et al1988;Nakanishi et al. 1992].
Copyright 1998 by the American Geophysical Union Handschumacher et a)1988] identified pre-M29 lineations
Paper No. 97J803404 on eight plosely spaped, low-altitude aeromagnetic proflles
0148-0227/98/97JB-03404 $09.00 over the Pigafetta Basin, located east of the northern Mariana
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Trench in the western Pacific Ocean (Figure 1). Correlation of Lineated anomalies have been found oli#tosphere of
these low-amplitude anomalies was possible, in part, becauséimilar age along the North Atlantic Ocean margins, but they

the high speed of the aircraft made it easier to separate thBave not been positively identified or correlated to Pacific
nomalies because slow spreading rates and thick continental

subtle magnetic lineations from geomagnetic noise, such a . . - > < e
margin sedimentary deposits make their identification more

Similar lineations were recognized on ... . . . - . . .
9 difficult. Lineations in locations and orientations consistent

diurnal variations.
aeromagnetic and ship profiles from the East Mariana Basin, i pre-M25 seafloor spreading anomalies have been

~650 km south of the Pigafetta Basin, a_nd_identified back torecognized in the northwest Atlantic off the Nova Scotia
M33 [Handschumacher et al1988; Nakanishi et al. 1992].  margin Barrett and Keen1976] and in the eastern Atlantic

Anomalies at this location are more difficult to correlate, west of the Moroccan margin (H. Roeser et al., in preparation,
perhaps owing to effects of the widespread mid-Cretaceousl997). These anomalies imply that the pre-M25 lineations
volcanics, which were cored at nearby Ocean Drilling Programare global geomagnetic features. Magnetostratigraphic data
Site 800 [ancelot et al. 1990] and possibly because of a support this view with several studies reporting magnetic
Spreading ridge Jump (R L. Larson, persona| Communication’reversals within Middle to Late Jurassic Sediments, Implylng

1995).
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Figure 1. Location of study area and bathymetry, magnetic lineations, and ship tracks. Bathymetry contours at 1 km intervals;
Shaded dashed lines oriented NE are magnetic lineations

stipple shows region above 5.5 km depBnejhner and Angell1992].
identified by Handschumacher et aJ1988]; note M29 and older lineations have been renumbered to be consistent with the M29

identification of Cande et al.[1978] as noted in the text. Heavy solid lines denote deep-tow magnetic tracklines Shéds
Washingtoncruise TUNEO8WT, whereas lighter solid lines show the Leg 89 track of@dvhar Challengerused to connect the
deep-tow-identified lineations with younger lineations. Stars mark the locations of Odliag Program (ODP) Site800 and 801
[Lancelot et al. 1990] and numbers in italics give basalt core datemdle, 1992]. Dated seamounts are labeled with names and
radiometric dates in italic)zima et al. 1983;Smith et al.1989]. The heavy line with variable patterns show#iohannel seismic
reflection tracks used to characterize acoustic basement and interpret which areas were affected by mid-Cretaceous volcanis
[Abrams et al. 1993]. The inset shows the regional location of the study area (small box). Heavy lines show selected magnetic

isochrons Nakanishi et al. 1989]. The heavy line with teeth represents western Pacific trenches (MT, Mariana Trench; IBT, Izu-
Bonin Trench). The islands of Japan are shown in black silhouette. Stipple signifies large bathymetric features abopth5 km de

(SR, Shatsky Rise). PB and EMB denote Pigafetta and East Mariana basins, respectively.
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frequent reversals occurring at rates similar to those of thesource vents were limited in extent and the sills mainly intruded

Miocene [e.g.,Steiner et al. 1985; Steiner and Ogg1988;  the sediment column and (2) the sills form a more or less
Gradstein et al. 1994;09g 1995;Juarez et al.1995;09g and  ypiformly magnetized, normal polarity sheet whose magnetic
Gutowskj 1996]. _ anomaly is small except over its edgeargon and Schlanger

To gain a better understanding of the JQZ and to documen 1.

its polarity reversal sequence, we undertook a study of the rypica| apyssal seafloor depths in Pigafetta Basin are ~5800
_Plgafetta Basin anomalies using deep-tow magnetic profiles tq, \ith igneous basement lying beneath ~500-600 m of pelagic
increase the measured anomaly amplitudes and resultan,q yicaniclastic sedimentsdncelot et al. 1990; Abrams et
signal-to-noise ratio. We chose Pigafetta Basin because therg; 1993]. ODP Sites 800 and 801 wergled in this area and
pre-M29 anomalies are best identified and mapped. With théq,,ichannel seismic data collected in preparation for drilling
magnetic sensor closer to the crustal source we were able tf,e peen used to define areas where the mid-Cretaceous sills

increase observed anomaly amplitudes by a factor of ~4. Inye hregent (Figure 1). Most of these profiles over Pigafetta

this article we explore a polarity reversal model for these gaqin show little seismic evidence of sill intrusions [Figure 1;
anomalies and its ramifications for the GPTS. Although we ppoms et al. 1993], suggesting this is a good location to

could not uniquely determine which anomalies result from
reversals and which represent field fluctuations, our model
implies both a rapid reversal rate and low magnetic field
intensity during the Late Jurassic. It also provides a template3. Data Collection
for Jurassic magnetostratigraphic research. A more in-depth

look at implications of the deep-tow data for the origin of the
JQZ will be given in a later article (H. Pokihson et al., in
preparation, 1998).

examine the Jurassic magnetic lineations.

Magnetic data were collected along two subparallel
tracklines using a three-axis deep-tow fluxgate magnetometer
towed from the R/VThomas Washingtogcruise TUNEOSWT).

The two tracks are oriented nearly perpendicular to the
magnetic lineations, and separated by 65-110 km (Figure 1).
2. Geologic Background Track locations and directions were dictated by the lineation

. ) ) eometry and the need to avoid seamounts that surround the

Our study area is a small part of the Pigafetta Basin Iocatecgasin_ The deep-tow sensor was towed at a depth of 4.5-5.0 km
between seamounts of the Marcus-Wake group, cer_ltered a(tFigure 2) at a speed of 2.1-2.5 kt (1.1-1.3%nghe depth and
~22°N, 152°E, whereHandschumacher et al[1988] first speed being a balance between the need to keep the sensor close
identified pre-M29 anomalies (Figure 1). This portion of 44 he source and the need to achieve maximum profile lengths.
Pacific plate formed at the NE-trending Pacific-lzanagi ridge g that the magnetic profiles could be merged with accepted

during the Jurassic, as shown by M24 age and older magnetig;prs the northwest ends of the two lines overlap M27 and
lineations Handschumacher et al.1988; Nakanishi et al. M28, which are widely recognized chrons.

19?3’ 1992]' Adiﬂional evidence of Jurassic age is arf®r Surface magnetic data and single-channel seismic reflection
Ar*” radiometric date of 166.8 + 4.5 Ma from crustal basalts ya5 were collected over the southwestern two thirds of the
cored at Ocean Drilling Program (ODP) SBO1 (Figure 1)  geep.tow tracks during a weather hiatus (Figure 1), but
[Pringle, 1992].  Paleomagnetic data indicate that the region;nciement weather damaged the surface magnetometer sensor
around ODP Sites 800 and 801(Figure 1) formed ~5°-12° southy g gejsmic hydrophone array, making it impossible to collect
of the equator before drifting northward to its current location ¢ tace magnetic and seismic reflection data simultaneously
[Steiner and W#ck, 1992;Wallick and Steiner1992; Larson with the deep-tow data. SeaBeam multibeam emireder data
etal, 1992]lto et al, 1995]. were collected along all lines yielding a swath of bathymetry

_The most significant geologic event to occur in the _4 5 m wide and allowing us to observe bathymetry slightly to
Pigafetta Basin since its formation was a rash of mid- 4 sides of the ship tracks.

Cretaceous volcanism that affected much of the western Pacific

[Schlanger et a). 1981; Larson 1991] forming several

plateaus, numerous seamounts, and massil& vethin the 4. Magnetic Data Processing

sediment columnlfarson and Schlangen981; Tarduno et al., ) ]

1991]. In our study area the few reliably dated seamounts have Raw total field magnetic measurements were processed
Ar%0-Ar39 radiometric dates that range from 95 to 119.6 Ma through the following steps: (l)iltering, (2) gridding, (3)
(Figure 1) Pzima et al. 1983; Smith et al. 1989], consistent diurnal _vanathn removal,_(4) contmugnon_ to a level datum,
with Ar40.Ar39 dates from other seamounts in the Marcus- (5)_ regional field corregtlon, (6) _prOJectlon to a common
Wake group Winterer et al, 1993]. Furthermore, illing at azimuth, an_d (7) deskewing (reduction to the pple). In the first
ODP sites 800 and 802 cored basalt and doleiii® whose step a median filterHress et al. 1986] was applied to remove
Ar40.Ar39 dates of 126.1 + 0.6 and 114.6 + 3.2 Ma, noise caused by a faulty bit in the magnetometer's analog-
respectively Pringle, 1992], imply that the is were digital converter. This_ problem generated ;purious readings
emplaced during this event. Although one might expect suchwhose values usually_ dlffere_zd greatly_from valid measurements.
volcanism to destroy the prior magnetic signature of the Becquse the magnetic profiles are highly over §ampled, it was
lithosphere, various studies have documented correlatabld@0SSible to remove bad readings by calculating a moving-
Jurassic and Early Cretaceous magnetic lineations in regiond/indow median value and rejecting values outside a specified
affected by the ubiquitous sills [e.g-arson and Schlanger ~ 'ange. Even W|t_h the_se deletlons, the resulting data set was
1981; Nakanishi et al. 1992]. The survival of pre-Cretaceous 'argé, so a cubic spline was fit to the data to reduce the
anomalies is poorly understood, but two possible factors ard®2dings to a manageable number and to resample them on a

(1) that the crust was not significantly remagnetized because®gular grid.
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Figure 2. Magnetic anomalies and profiles of magnetometer sensor, seafloor, and basement depth along the two deep-tow track
Line 1 is the southernmost of the two. Sediment thicknesses were determined from single-channel seismic data collested on crui
TUNEOBWT, where available, and figures from prior multichannel seismic data trabkanjs et al. 1993], where available. A
constant sediment thickness was assumed where seismic data were unavailable. The deep-tow magnetic data in this figure have
been deskewed (see text), although effects of fish depth and diurnal magnetic field variations have been removed. WHote that tt
apparently sharp depth variations of the magnetometer sensor are mainly a result of the high vertical exaggeration (70:1).

Low-frequency external field variations, mainly the solar speed, and currents. With few exceptions we were able to
diurnal effect, were estimated using records from magneticmaintain the sensor within a depth range of ~500 m while
observatories at Guam and Honolulu. Because the Guaniimiting the frequency of depth oscillations to ~10-20 km
station is closest to the study area (13.4°N, 144.7°E, 1150 kn{Figure 2). Although the effect of most sensor depth variations
away), that record was low-pass filtered, shifted in time by theon the magnetic data was small, only a few tens of nanoTeslas,
difference in solar time between the station and ship locationswe corrected these by variable continuation of the magnetic
and scaled by a linear interpolation between the Guam and/alues from an irregular surface to a level datum of 4.5 km
Honolulu diurnal range values. This assumes that long-periodGuspi 1987]. Regional field variations were removed by
field variations are similar over distances of ~1000 km and thatreducing the data to the 1985 International Geomagnetic
the decrease in daily range with magnetic latitude is Reference Field. Differences in ship track direction were
approximately linear between the two stations [e.g., addressed by projecting the data to a common azimuth of 305°,
Onwumechillj 1967]. Calculated daily ranges range from 30 to perpendicular to the magnetic lineations.

73 nT but average 54 nT. Magnetic lineation shapes are typically asymmetric

Although we attempted to keep the magnetometer sensor at eelative to the source body because this depends, among other
constant depth, this varied owing to surface weather, ship'shings, on the relationship of ambient magnetic field
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direction, remanent magnetization, and lineation azimuththese data and multichannel profiledbfams et al. 1993] in
[Schouten 1971]. In the case of the Pigafetta lineations, the area indicate an approximately uniform layer of sediments,
reversely polarized crust produces a positive anomaly becauswe assumed a constant-thickness sediment cover of the same
it formed in the southern hemisphere and drifted across thedepth on the northwestern third of the lines where seismic
equator [Larson and Chasel972]. We corrected this bias by reflection data were unavailable (Figure 2).

deskewing the deep-tow profiles using a reduction-to-the-pole In the deep-tow version of the model we used a magnet-
method based on Fourier domaiiltefing [Schouten and ization intensity that decreased exponentially with horizontal
McCamy 1972], which makes the anomalies symmetric over distance M = Mg « e1x * 00025] with Mg = 2.25 Am?) towards

their source blocks and places positive anomalies over normallylder seafloor to approximate the decrease of anomaly
magnetized blocks. To apply this technique, one must assumamplitude in the same direction (Figure 3). This function was
the remanent magnetization direction or determine it determined qualitatively, thus no special importanteutd be
empirically by trial and error. We tried both approaches, but attributed to the specifics of this approximation other than its
the empirical method was not reliable owing to interference indication of decreasing anomaly amplitude. In the model of
among closely-spaced anomalies (the "sequence effect” ofinomalies upward continued to the sea surface we reproduced
Dyment et al.[1994]). Instead, we calculated a skewness the longer-wavelength anomalies on the southeast ends of the
parameter, Q = -176°, using the ambient field inclination and profiles. Because these do not show as great a decrease in
declination of 27° and 3° respectively, and assuming aamplitude as do the short-wavelength anomalies, the
paleolatitude of 5°S and a paleodeclination of 20°. Thesemagnetization function was divided into two parts. For the
values are consistent with Pacific paleomagnetic data ofnorthwest ends of the profiles the same exponential was used
Jurassic age Hildebrand and Parker 1987; Sager 1992; where it gives anomaly magnetizations >1 AmA constant
Larson and Sager1992;Larson et al. 1992]. Although the value of 1 Am! was used for older anomalies located to the
Pacific Jurassic paleolatitude and paleodeclination values areoutheast.

uncertain by 10°-15°Jager 1992; Larson et al. 1992], the Magnetic anomalies were modeled at two depths, 4.5 km
deskewed profiles are not sensitive to differences of thisbelow sea level and upward continued to the sea surface. The
magnitude. latter was used to create a polarity model directly comparable

with previous GPTS derived from data acquired at or near the
sea surface. Polarity boundaries were modeled with a
resolution of 250 m, a value chosen to be small enough to
5.1. Magnetic Model ee_tsily repre_sent aI_I of the features of the anomalies. AIthpugh
this made it possible to represent even very small amplitude
Our approach to making a polarity time series for the features, anomalies whose amplitudes were <10% of the peak-
Jurassic deep-tow profiles was to use a simple two-dimensionato-peak amplitudes of the dominant anomalies nearby were not
magnetic model of the crusiTélwani and Heirtzler 1964], modeled because we felt they were likely to be caused by
assuming a constant 1 km thickness of the magnetic layer an@aleointensity fluctuations rather than reversals. Although this
vertical polarity boundaries. We moved polarity block criterion was somewhat arbitrary, it is common practice to
boundaries and adjusted magnetization strength to produce gnore some or all of the smallest anomalies. The polarity
satisfactory match of observed and calculated magneticmodel contains blocks ranging in width from 250 m to ~16 km
anomalies. AlthougiCande and Ken{1992a] showed that (Figure 4).
magnetic modeling is not necessary because zero crossings of ) )
deskewed anomalies can be used to define polarity boundaries-2- Correlation and Composite Model
our data contain many small anomalies and some 10Ng- \ye npext combined the two models of polarity versus
wavelength variations that make it difficult to define anomaly yistance. one for each of the two deep-tow lines, into a
boundaries simply by zero crossings. ) composite series (Figure 4). The purpose was to retain only
Oceanic crustal magnetization structure is probably complex,hose blocks that create anomalies that can be correlated
having contributions from deeper layers and finite, nonvertical yatween lines and to use the redundancy of two sequences to
polarity boundaries (see reviews Bynith[1990] andDyment  eqyce errors in the polarity record caused by local geology and
and Arkani-Hamed1995]). Therefore we also tried models gyryctural variations. To make this twofold stack, it was
with different parameters or greater complexities to see Whethe‘hecessary to make a detailed correlation of individual
changing the source layer thickness, adding additional layers, opnomalies between lines (Figure 5). In matching anomalies we
using Gaussian polarity transitions of varying thickness (i.., examined several different depth representations of the data.
finite-width transitions) would significantly improve the match the composite aeromagnetic profile ldéndschumacher et al.
of calculated and observed anomalies. Although most model 1988] was compared with our deep-tow profiles at 4.5 km
can be improved by adding additional parameters, the smalljenih as well as profiles upward continued to 2.5 km depth and
improvements were considered not worth the additional modekha sea surface (Figure 5). Upward continuation acts as a low-
complexities.  In addition, calculations of ocean crust pags filter, so examining changes in the character of the
magnetization derived from combined mineralogy and thermal3nomajies at different depths made it possible to infer which
models justify our method by indicating that at fast spreadingsets of deep anomalies combine to form sea surface anomalies.
rates the crustal magnetization is remarkably similar to a simple |, general, the correlation of anomalies between profiles
rectangular block modeDyment and Arkani-Hamed 995]. ~ was good, with 69% and 80% of the modeled blocks from lines
Depth to igneous basement (Figure 2) was determined uUsing anq 1, respectively, matching in the composite. Polarity
the single-channel seismic reflection profiles collected over yjocks that were not correlated from one line to the other were
the southwestern two thirds of the deep-tow lines. Becausgjgleted from the composite series (Figure 4). Some parts of

5. Constructing a Polarity Series
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Figure 3. Magnetic polarity block model of the deep-tow magnetic profiles. Figures 3a and 3b are each broken into three panels for
clarity. The dashed and solid lines represent the observed and calculated magnetic anomalies, respectively, whereas the damy
square wave at the bottom of each panel gives the magnetization. Observed magnetic profiles have been deskewed.

the profiles were more easily matched than others. Anomaliesnade correlation difficult. Older, smaller amplitude anomalies
in the 0-400 km range (M27-M35) correlated most easily show a striking regularity of period and amplitude that make it
because the peaks have the most similar characteristicgifficult to correlate by distinctive characteristics (Figures 4
(Figures 4 and 5). At ~450-500 km, anomalies M36 andand 5). Nevertheless, the positions of these anomalies
especially M37 showed differences in shape and spacing thatelative to the longer-wavelength features, especially in the
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Figure 3. (continued)

2.5 km upward continued profiles, made it possible to makeconsidered whether the shortest-wavelength anomalies are

nearly a one-to-one correlation of these anomalies.

Althoughcaused by crustal magnetization or chance correlation of

we are confident of our matching of these anomalies, theartifacts.

Lognormal plots of spectral ditydes calculated

regularity of their spacing makes

it possible that our from

the deep-tow profiles

showed

two

(Figure 6)

correlation could be off by one anomaly peak but doubtfully approximately linear sections with a break in slope at ~0.7

more.

km'l (1.4 km wavelength). This shape is typical of spectra of

After correlation and stacking, two additional adjustments an ensemble of uncorrelated magnetic bodies with the slope of
were made to the final polarity block model. Since some short-the longer-wavelength section being related to the depth of

wavelength blocks survived the correlation process,

wethe magnetic sourc&pector and Grantl970;Kovacs and



5276 SAGER ET AL.: JURASSIC QUIET ZONE POLARITY REVERSAL MODEL

Tl \ 1[ N 0 g e
: ET V1AL ‘\\\\\\\\\ \ \\\\\\ |
IRV vt
2 2L AN A\ \ \\ |
. H TJHH L[] o

Distance (km)

M35 —Wm36— M3 —M3— 39 —HA—
= 200
o
2100
o>
%g 0 Line 2
|
s 2 -100 anomaly
<
-200 Line 2
— model
E
<
~ 1
e
2 )
= 0 Composite
E model
()
j
> -1
=
Line 1
model
—~ 200
|_
© £ 100
>
g = 0 Line 1
%E anomal
= 2-100 y
<
-200 M35 —M36—— — 37— "Magn Ve anr
L L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L ]
350 400 450 500 550 600 650 700 750

Distance (km)

Figure 4. Composite polarity series made from stacking the models of the two deep-tow profiles. At the middle is a square wave
representation of composite magnetization, flanked at the top and bottom by the magnetization functions for the two lipger The

and lower solid curves are deskewed deep-tow magnetic profiles, for comparison. Dashed lines show correlations between polari
series. Dots beneath (above) the magnetization functions of line 2 (line 1) show anomalies that could not be correkedn Cros

the composite magnetization curve show short polarity periods that were dropped from the final model (see discussion).
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Figure 5. Correlation of magnetic profiles. The bottom four curves show the deep-tow profiles at 4.5 km depth and upward
continued to the sea surface. At the top are the composite aeromagnetic profile redrawn from that puliiahddcbymacher et
al. [1988] and calculated profiles from the deep-tow and sea surface models. Dashed lines between profiles denote corelations. T
difference between the two versions of the magnetic model is that one was calculated to match the deep-tow profiles whereas tt
other was adjusted to fit the upward continued deep-tow profiles For comparison with prior data these magnetic anonmadtes have
been deskewed.

Vogt 1982]. The almost flat short-wavelength section is As a result, the sea surface model is not simply a low-pass
usually interpreted as the signature of data containing &filtered version of the deep-tow model. Furthermore, this
significant noise component [e.gParker, 1997]. Thus we  modeling is not exactly equivalent to modeling sea surface
considered it inappropriate to retain polarity blocks <1.4 km profiles because the signal-to-noise ratio has been enhanced
in length, corresponding to a period of 22 kyr (see section 6). by acquiring data closer to the magnetic source.

The second adjustment was in response to the poor comp-
arison of calculated anomalies upward continued to the sea6 Adge Calibrati
surface with the composite aeromagnetic profile of ™ ge Calibration

Handschumacher et a[1988] (Figure 5). In the deep-tow Few good absolute age calibration points exist for the M-
anomaly model, short-wavelength anomalies on the southeas{gjes magnetic anomalies. Most GPTS use either two points,
ends of the lines are considered to be caused by polarity block§ o around MO and the other around M25 [eKent and
(Figure 4). Because the source and obse_rvation datum ar%radstein 1985;Harland et al, 1990;Gradstein et al. 1994],
close, the deep-tow model could not easily reproduce théy three points with another near MiGhannell et al. 1995].
longer wavelength anomalies evident in the sea surfacéy chrons between these points have ages which are linearly
versions (Figure 5). Consequently, we made a "sea surfacejhiermolated. Because our anomalies are older than the oldest
model by taking the two line models (Figure 3) and modifying cajipration point, we follow previous investigators [e.g.,
the polarity blocks to make a better match of the upward cange et a).1978;Handschumacher et al1988] and calculate
continued profiles at the sea surface. ~The modificationsine ages of Jurassic chron boundaries by linear extrapolation
mostly consisted of deleting polarity blocks whose anomalies¢g, the accepted anomalies.

are not represented in the upward continued data, but a few 1, se this approach, we need a spreading rate and a tie
block boundaries were also moved short distances laterally. point. Both were determined from a sea surface magnetic
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Figure 6. Power spectra of three segments of Line 1. Horizontal scale is linear whereas vertical scale is logarithmic. We interpret
the break in slope at 0.7 khas the transition from signal to nearly random noise.

profile from a prior cruise (D/\Glomar Challanger Leg 89; Our tie point to the younger GPTS was the old boundary of
see Figure 1) which crosses the younger of the deep-towChron M27r (see the appendix). Making another choice for
anomalies in addition to younger anomalies (M24-M29) in the base GPTS would change the calculated polarity boundary
accepted GPTS. We projected this profile normal to theages with consequent changes in the details of our
lineations, deskewed it, and made a polarity model (Figure 7).interpretations; nevertheless, the changes would be
To determine the half spreading rate, polarity block boundaryincremental and would not lead to significantly different
ages from various GPTS were plotted versus distance and aonclusions. To allow readers to adapt our polarity model to
least squares line was calculated to determine the slope (Figurenproved GPTS, we provide the polarity boundary distances
8). The correlation coefficient for the preferred line is 0.99, used in this calculation (see the appendix). Magnetic
implying a constant spreading rate over this time interval. boundary ages for the deep-tow model are given in Table 1,
M-series calibration ages have changed significantly inwhereas Table 2 contains boundary ages for the model of
recent GPTS, so the calculated half spreading rates vary bynomalies upward continued to the sea surface.
50%, from 44.0 to 65.0 mmia(Figure 8). We prefer the latter Our GPTS are compared in Figure 9 with that given by
rate, inferred from thelarland et al.[1990] GPTS, because this Handschumacher et al [1988]. Our deep-tow-derived
GPTS used a recent, more acceptable age for MO and it predictsmescale (Figure 9) shows eleven short polarity periods that
ages that agree well with radiometric dates of 155.3 + 3.4 Maare not included in thBandschumacher et g11988] timescale.
for M26r (ODP Site 765 in the Argo Abyssal Plaimuflden These come from short-wavelength anomalies that merge with
1992] and 166.8 + 4.5 Ma for ODP Site 8®kifigle, 1992] in others and disappear when continued to the sea surface. These
Pigafetta Basin (Figure 8). We could have used these twoshort period polarity blocks occur more-or-less evenly
radiometric ages as tie points [e.@gg 1995] and inter-  throughout the timescale (in M28, M29, M30, M31, M32 (2),
polated anomaly ages in between, but we felt this would placeM34 (3), and M37). The deep-tow timescale shows numerous
undue significance on these two ages. Both ages have largehort polarity periods before M37 which resulted from our
standard errors, and the younger is from hydrothermal mineralsnodeling the many small anomalies on the southeast ends of
that may have been precipitated sometime after the crust anthe profiles. If valid, these imply an extremely high reversal
its magnetic signature were formetlufiden 1992]. This rate of the order of 12 reversals per million years, whereas the
procedure will ppduce a change in slope of the anomaly versussea surface model implies a reversal rate which is reduced by
age curve where the Jurassic timescale is attached to thbalf and similar to that from other GPTS (Figure 10). The sea
younger GPTS and this would give rise to artifacts in surface model timescale contains fewer polarity chrons (Figure
interpretations made from using this composite GPTS. 9) because short chrons were lost in upward continuation.
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Figure 7. Magnetic model of D/\Glomar ChallengeiLeg 89 magnetic profile which was used to connect the magnetic model of
pre-M26 magnetic anomalies with the magnetic polarity timescale of younger anomalies. From bottom to top, curves are/bathymetr
observed magnetic anomaly, deskewed magnetic anomaly, calculated model anomaly, and magnetization model. Vertical lines sho
the correlation of skewed and phase-shifted anomalies, and numbers give identification. The arrow shows the regionvdftoverlap
deep-tow data. Track location is shown in Figure 1.

This version of the polarity sequence is similar to that of 1975; Cande and LaBrecquel974; Wilson and Hey 1981;
Handschumacher et aJ1988]. Our GPTS misses a few short Cande and Kent1992b]. A few can be verified as rémg
polarity periods recognized bijandschumacher et a[1988] from polarity reversalsHea and Blakely1975; Wilson and
because these anomalies did not correlate between our profileldey, 1981; Clement and Kent1987], but most have not.
and consequently were not represented in the model. The mai@ande and Kenf1992b] suggest that the signature of many of
differences between our and the Handschumacher et al. GPT®hese anomalies is more consistent with paleointensity
are that the same chrons span a shorter time in our timescale, fluctuations than polarity reversals and argue that they are
result of the faster spreading rate inferred from newer M-seriegrobably ubiquitous in magnetic profiles. Although they state

calibrations, and the addition of new anomalies M38-M41. that tiny wiggles may also be useful for time calibration, we
do not wish to misinterpret tiny wiggles as reversals in a
GPTS.

7. Discussion Cande and Kenf1992a] removed all chrons shorter than 30

The deep-tow data presented here not only provide a basiKYr duration from their GF_’TS ar_guing that_these short features
for extending the marine magnetic anomaly-based GPTS buprobably represent pale_omtensny quctua_tlons.. Howeverz the
also give new insights about field behavior during the JurassicceParation of true polarity chrons from intensity fluctuations
Quiet Zone. They allow us to extend the GPTS into the?2S€d on length is probably impossible.  Even though
Jurassic about 9 m.y. past M29, and they imply abundantP@leointensity fluctuations may have shorter characteristic

magnetic reversals occurring at a rapid rate. Two models werderiods than trge re\_/ersals, their per_iod distributions clearly
considered owing to the difficulty in determining which overlap. Paleointensity records covering the last 140-200 kyr

anomalies result from polarity reversals. In one model weYi€ld dominant frequencies of ~24 kyMgynadier et al
presumed all of the correlatable anomalies were caused by-994l, but marine records imply paleointensity variation
reversals. In the other we assumed that only the largesPeriods >100 k.. [Cande and LaBrecque, 1974].  In
represent reversals and the remainder are paleointensity®mParison, short-period polarity reversals, such as the
fluctuations.

éunion and Cobb Mountain subchrons, have been
Although it is usual to represent all correlatable anomaliesdocumented with durations of 10-30 ky&rpbmme and Hay
by reversals when constructing a GPTS, we should examin

e1971; Rea and Blakely 1975; Clement and Kent 1987].
this assumption closely. At first it seems an appropriateMoreover‘ statistical analysis of GPTS indicates that reversals
approximation because most polarity chrons attributed to

and paleointensity fluctuations likely result from the same set
large magnetic anomalies have been verified by magnetic®f 9eomagnetic instabilities Marzocchj 1997], implying
stratigraphy. Small anomalies, termed “tiny wiggles" that they I|k_er appear similar in magnetlc_proflle data_.
[LaBrecque et a).1977], are a different matter. Tiny wiggles Our profiles give few clues as to which anomalies are a

have been noted in many parts of the marine anomaly sequend&Sult of reversals and which are a result of paleointensity
[Blakely and Cox 1972; Blakely 1974; Rea and Blakely fluctuations. Examining the young ends of our profiles
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Figure 8. Determination of the spreading rate and ages for the deep-tow magnetic profile models. Symbols at left denote chror

boundaries (M24-M28) on the D/@lomar ChallengerLeg 89 profile that overlaps deep-tow profiles (Figure 1). For comparison,

dates and 1 standard deviation error bars are shown for Chron M26r at ODP Site 765 in the Argo Abyssal Plain (155.3 + 3.4 M:

[Ludden 1992]) and Site 801 (166.8 + 4.5 MRringle, 1992]), located southeast of the deep-tow lines. Least squares lines were fit

to chron boundaries using ages from various geomagnetic polarity reversal timescales (GPTS) to derive spreading rates which we

extrapolated over older seafloor to give chron boundary ages for the deep-tow models. The preferred age model giantelngl the

et al [1990] GPTS (heavy line) is most consistent with seafloor ages from Sites 765 and 801. Shaded circles show extrapolated ag

for main modeled chrons. Dashed lines show extrapolated ages for other GPTS (CLL, Cande et al. [1978]; KG, Kent and Gradstei

[1985]; HSHB, Handschumacher et al. [1988]; H90, Harland et al. [1988]D, Gradstein et al1p94]).
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(Figure 5), one could easily conclude that the anomalies resulblocks are primary and that the others are likely a secondary
from polarity reversals, since M27-M30 have been verified by magnetization acquired because of hydrothermal alteraltion [
magnetic stratigraphy Steiner et al 1985; Juarez et al. et al, 1995]. Because the alkalic basalt section was probably
1995]. Addtionally, magnetostratigraphic results from emplaced after crustal formation and may have caused
Europe, while not continuous enough to verify any of thesehydrothermal metamorphism of the older crubtojyd and
chrons in particular, demonstrate that the geomagnetic fieldCastillo, 1992; Alt et al, 1992], this hypothesis is plausible.
was reversing during most of the period covered by our modelThus the small anomalies on our profiles in the vicinity of
[Steiner and Ogg 1988; Ogg 1995; Ogg and Gutowski Site 801 probably reflect paleofield behavior, rather than
1996]. On the other hand, one might conclude that the smalcomplex crustal magnetic structure.
amplitudes and short wavelengths on the old ends of our Perhaps more significant are measurements of natural
profiles indicate that those anomalies are caused byremanent magnetizations from Site 801 basalts. The 36 m
paleointensity fluctuations. Magnetostratigraphic data for thealkali and 63 m tholeiitic sections have log average
part of the Jurassic corresponding to ~M38 and older aremagnetizations of 1.24 At and 2.30 Amt, respectively
lacking [Ogg 1995], so we cannot document whether [Wallick and Steiner1992]. These values are significantly
reversals actually occurred during this time. The characteristicgreater than the 0.35 Afncalculated magnetization at the old
wavelengths of the short-wavelength anomalies on the oldend of our deep-tow model. The magnetization strength of our
ends of our profiles, ~10-20 km, correspond to periods of 150-model is poorly constrained owing to the nonuniqueness of
300 kyr, similar to those suggested for paleointensity the model. For example, halving the source layer thickness
variations by other marine anomaly recordSafide and  would double the intensity but increasing it by a factor of 7 by
LaBrecque 1974]. decreasing the thickness would require an unreasonably thin
Although magnetic results from nearby ODP Hole 801C source layer.
(Figure 1) are somewhat contradictory, they provide possible Relative to the thickness of the crustal magnetic source, the
clues to the significance of the oldest of our tiny wiggles. Site 801 section is short, so it is possible that the sample
Approximately 100 m of alkali and tholéc basalts, hought magnetizations overestimate the average magnetization. Such
to be from the uppermost oceanic crust, were cored at this siteores typically do not recover the interflow breccias,
[Floyd and Casllo, 1992]. Paleomagnetic inclination data hyaloclastites, clays, and other less magnetic material that
indicate five polarity blocks within the section and imply that would reduce the overall magnetization. Furthermore, if
the JQZ may be caused by partial cancellation of the magnetipolarity reversals occur within the crust, this also will lessen
anomalies owing to the superposition of different polarity the effective magnetizationJdhnson and Merrill 1978].
layers Wallick and Steiner 1992]. In contrast, downhole Nevertheless, the difference between our deep-tow model and
magnetometer results indicate that only two of the polarity the observed magnetization is so large that it requires an
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Table 1.Deep-tow Reversal Model Boundaries and Ages.
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1972]. If we accept this hypothesis, it implies that many of the
small magnetic anomalies on the southeast ends of our profiles

Distance, km Age, Ma were not caused by magnetic reversals.
Given these considerations, we present our models with a
Young old Young old Chron caveat: _the sea surface model likely underestimates the number
of polarity chrons by leaving out the shorter ones, and the deep-
tow model probably includes some paleointensity variations
5.500 17.250 156.229  156.410  M27r misinterpreted as polarity chrons. This problem is shared with
gg:ggg ?g:ggg 12?:8‘1% 12?:232 mgg;\r all GPTS: for exampldvlarz_occhi[1997] esti_ma}tes that 35_%_—
77.000 83.250 157.329 157.425 M28Br 65% of short duration polarity chrons are missing from existing
90.875 97.375 157.543 157.643 M28Cr sea surface data derived GPTS. As a template for future
12352 Ei-ggg Egggé g;-ggg mggDrl magnetostratigraphic research, our sea surface model may be
125.000 145875 158199 153,389 M29p. " the more wgble bec_;ause it is a more conservative interpretation
149375 154125 158443 158516 M29Ar and is consistent with other sea surface models.
163.000 174.500 158.652 158.829 M30r Our study of Pigafetta Basin deep-tow magnetic anomalies
181.625 183.875 158.939 158.973 M30Ar has provided insights to the nature of JQZ geomagnetic field
;gg-ggg ggg-g;g 128;22 gggig mgizzl: behavior. The JQZ appears to be neither a result of constant
209.000 212 875 159.360 150.420 M3lr polarity nor polarlt_y ch_rons so closely spaced as to cancel
214.500 216.625 159.445 150477  M32n.ir [rom upward continuation to the sea surface. Our model
223.625 227.375 159.585 159.643 M32n.2r requires a substantial increase in magnetization intensity with
229.500 235.500 159.675 159.768  M32r time beginning at least at anomalies M34-M35 and extending
256.750  266.250 160.095  160.241  M33r 20 m.y. to M21 time. We favor a geomagnetic cause for this
g;i:%g g;g:g;g 128:2% 128:283 mggg‘: behavipr for seve_ral reasons. If it were a result of crustal
202 625 296.375 160.647 160704  M33Cn.1r formation or deterioration processes, then this process must
305.125 319.750 160.839 161.064 M33Cr
325.875 331.000 161.158 161.237 M34n.lr  Table 2. Sea Surface Reversal Model Boundaries and Ages
334.375 337.125 161.289 161.331  M34n.2r
339.375 343.000 161.366 161.422 M34n.3r
344.625 354.625 161.447 161.600 M34Ar Distance, km Age, Ma
361.500 364.125 161.706 161.747  M34Bn.1r
365.875 369.000 161.773 161.822  M34Br
375.250 388.500 161.918 162.122  M35r Young Old Young Old Chron
396.250 401.375 162.241 162.320  M36n.1r
404. 406. 162. 162.391  M3BAr
488.?(2)2 422.2(5)8 122.322 122.239 MggBr 3.563 18.250 156.199  156.425  M27r
423.250 432.125 162.656 162.793  M36Cr 40.375 49.875 156.766 156.912  M28n.1r
449.500 457.750 163.060 163.187  M37n.1r 59.625 72.875 157.062 157.266  M28n.2r
466.500  476.250 163.322 163.472  M37r 90.125 97.750 157.531 157.648  M28n.3r
484.125 488.125 163.593 163.654  M38n.1r
495000  497.625  163.760  163.800  M38n.2r 101.125 110875~ 157.700  157.850  M28r
503.375  511.000 163.889  164.006  M38n.3r 128.125  149.875 158.116 158450  M29r
528.125 532.875 164.270 164.343  M38n.4r 164.750 174.500 158.679 158.829  M30r
543.375 549.625 164.504 164.600 M38r 196.125 204.875 159.162 159.297 M31r
561.000 570.000 164.775 164.914  M39n.1r 226.125 242,625 159.623 159877  M32r
578.625 585.375 165.047 165.150 M39n.2r
504.875 601500 165297 165398  M39n.3r 256.750  266.875 160.095 160250 M33n.1r
617.750  627.875 165.648  165.804  M39n.4r 270.625  276.750 160.308 ~ 160.402  M33n.2r
634.625 643.000 165.908 166.037 M39n.5r 281.250 291.875 160.472 160.635 M33n.3r
649.000 657.500 166.129 166.260 M39n.6r 306.375 319.750 160.858 161.064 M33r
662.500 668.375 166.337 166.427 M39n.7r
675.750  682.125 166.541  166.639  M39r 22?2;2 223:338 121;32 121:?;2 mgi:'“
686.750 692.000 166.710 166.791 M40n.1r
701.125 704.750 166.931 166.987  M40n.2r 375.250 386.125 161.918 162.085  M35r
708.125 716.500 167.039 167.168  M40n.3r 405.500 419.750 162.383 162.602  M36n.1r
720.000 727.250 167.222 167.333 M40r 422 500 433.625 162.645 162.816 M36r
732.000 167.406 M4lr 452750  457.375 163.110 163181  M37n.1r
467.625 478.250 163.339 163.502 M37r
Reversed polarity periods. 503.625 515.250 163.893 164.072  M38n.1r
517.000 551.625 164.098 164.631 M38r
implausible combination of factors to decrease the bulk crustal 564.250 569.250 164.825 164.902  M39n.1r
magnetization and increase the model magnetization. In 603.000 607.875 165.422 165.497  M39n.2r
contrast, our sea surface model has a magnetization intensity of  g33.000 684.125 165.960 166.670  M39r
1 Am! at the old ends of the profiles, and this could easily be 703.125 728.125 166.962 167.347 M40r
increased to 2 Am by making the reasonable assumption that 739.125 167.516 M41r

the main source layer is half as thick (500 m). Indeed, many

magnetic profiles have been modeled with a source layer
having approximately this thickness [e.@®lakely and Cox

Reversed polarity periods.
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have acted globally because the same amplitude envelope is
seen in other oceans [e.¢layes and RabinowitZ1975]. One
Handschumache example is a global change in the magnetic minerals emplaced

This Study  etal. (1988) at spreading ridges, like that postulated to explain the
difference between Cretaceous and late Cenozoic basalt
magnetizations Johnson and Pariso1993]. We see two
problems with this explanation: (1) our low deep-tow model
magnetizations greatly differ from Hole 801C data and (2) the
geomagnetic field was also behaving unusually at the same time
as implied by large numbers of anomalies. Occam's Razor
suggests that we make the simplest assumption, that the
geomagnetic field was the cause of the low intensities and the
rapid variations. Unfortunately, estimates of Jurassic field
strength are few because samples of Jurassic oceanic crust are
rare Pohnson and Pariso1993], so we have no independent
data to support this conclusion.

By any approach our data imply that Jurassic geomagnetic
field behavior was unusual. If we interpret the anomalies as
polarity reversals, our model implies that the field had an
extraordinarily low intensity and high reversal rate of ~12 per
m.y. (Figure 10), ~70% and 20% higher than the late Miocene
and the period between M25 and M26, respectively, periods in
the accepted GPTS with the greatest reversal rates. If we
conclude instead that the older, short-wavelength anomalies are
paleointensity fluctuations, the reversal rate is decreased to
about Miocene level (which is rapid, nevertheless), but our data
suggest that these paleointensity changes dominated the field
variations as recorded in the oceanic crust. Since
magnetostratigraphic results imply that many of the larger
anomalies on the younger ends of the profiles are polarity
reversals, this would imply that our data show the transition
from a geomagnetic field whose variations were dominated by
intensity changes to one dominated by reversals. Examining
the data closely, we find that at ~450 km (M36-M37) the
anomaly variations shift from regular, smaller anomalies to
larger, less regular anomalies (Figures 4 and 5), so the change
may have been abrupt. Even if we assume that the true
magnetic field behavior was some combination of these two
end-members, the conclusion must be that the field was in a
low-intensity, rapid-reversal state.

Finally, if the sea surface model is the better polarity record,
167 M40 does this imply that deep-tow data are not worth the extra effort

B to acquire them? Our data clearly provide a high-quality, high-

L M4l TN A signal-to-noise record of the oldest magnetic lineations known.
They show short-wavelength anomalies that correlate well and

168~ apparently reflect geomagnetic field behavior. With additional
deep-tow data, presumably, more details of geomagnetic history
Figure 9. (left) Magnetic polarity model from this study could be deciphered. Unfortunately, any magnetic anomaly

compared with that oHandschumacher et a[1988] (right).  gata are nonunique, andtimately, verification whether a
Age is shown on the vertical scale. Black areas in (:olumnswi(‘:]g|e is a wobble or a flip must come from
represent normal magnetic polarity whereas white areas denot%ena netostratiaraphic confirmation
reversed polarity. Two timescales are shown from this study; 9 grap '
one was derived from the deep-tow magnetic model, and the

other was derived from the deep-tow data upward continued t&3 Conclusions

the sea surface. Note that our anomaly numbers differ by 1
from those irHandschumacher et 8]1988], that is, M30 from We constructed a GPTS based on two deep-tow magnetic

their GPTS is M29 in our model.Handschumacher et al.  gnomaly profiles from the Pigafetta Basin. As a whole, the
[1988]. re_deflned M29, but o_thersLa{_nceIot et al. 19905 two profiles, separated by 65-110 km, show excellent
Nakanishi et al. 1992] recognize their M30 as the original correlation of anomalies from line to line. On the basis of

M29 defined byCande et al [1978]. The arrows show lai £ th i d ined f b
correlations between timescales. Boundary ages are given igXirapolation of the spreading rate determined from nearby

Tables 1 and 2. isochrons M24-M28, the profiles cover ~11 Ma from M27 to
a chron we designated M41, which occurred at ~167.5 Ma. The
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Figure 10. Late Jurassic-Early Cretaceous magnetic polarity reversal rate versus age for the GPTS calculated in this study
Handschumacher et aJ1988], andHarland et al.[1990]. The upper and lower heavy lines at the right with the solid circles and
solid diamonds correspond to our deep-tow and sea surface models, respectively. The heavy line at the right with stipjge benea
the curve calculated from tharland et al.[1990] GPTS. The dotted line at right with the open circles is fronHé#melschumacher

et al. [1988] GPTS. Reversal rate values were calculated at 1 m.y. intervals with a 2 m.y. window. The spike at 155 Ma in the
Harland et al. GPTS occurs because of the many short chrons between anomalies M24 and M26. The deep-tow model implies :
extremely high reversal rate, but the sea surface polarity model is consistent with the elevated but not unusual rdeerksaterate
Jurassic time from thlandschumacher et g11988] andHarland et al.[1990] GPTS.

resulting reversal record is dependent on our interpretation ofamplitude by a factor of ~5 going forward in time, a trend that
smaller anomalies at the old ends of the profiles. These oldestontinues to M21 time, a period of ~20 m.y. This trend dictates
anomalies have wavelengths that imply polarity interval that the model magnetization intensities also increase with
durations of 150-300 kyr. If we assume that they are caused byime. = We think that a crustal process cause of this
reversals, the GPTS implies an extremely high reversal rate, amagnetization increase is implausible, so we postulate that it
much as 12 my1 These smaller anomalies are superimposedhas a geomagnetic field cause. Magnetostratigraphic studies
on longer-wavelength anomalies, which cannot be easilyshow that polarity reversals occurred during most of the period
modeled with the observation datum close to the magneticrepresented by our profiles, so we are convinced that many
source (i.e., at deep-tow depths). Consequently, weanomalies, especially the younger ones, are actually caused by
constructed a derivative model based on the magnetic profilegpolarity reversals. This conclusion suggests that our profiles
upward continued to the sea surface. This model is similar tgpossibly record a transition in geomagnetic field behavior from
previous models of these anomaliesHandschumacher et al.  one in which field fluctuations were dominated by intensity
[1988]. It contains fewer short duration chrons, owing to variations to one dominated by polarity reversals.

smoothing of the anomalies by upward continuation, and
consequently a lesser reversal rate. This model implies tha
the short-wavelength anomalies are largely paleointensit
fluctuations superimposed on longer-polarity chr_ons, which  E0¢ the reader who wishes to use our anomaly sequence to
are represented by the longer-wavelength anomalies. Becausgunerate a timescale using a different base GPTS, we give the
of the similarity of the shor_t-wavglength_ a_nomaly periods to following instructions and data (Table Al). Taking the
postulated long-term pale0|r_1ten3|ty varla_tlons and_ the fa_CtanomaIy boundary distances given in the table and the
that the sea surface model is more readily reconcilable W'thboundary ages from a favorite timescale, one makes a linear

magnetization intensities from basalts cored at nearby ODPregression for the slope, which is the spreading rate. The age

Site 801, we suggest that the GPTS derived from the sea surfacg™ -hrons in our sequences can be calculated using the

model is a more conservative representation of polarity ;omposite sequence distances (Tables 1 and 2) and attaching to
history. Both deep-tow profiles show an increase in anomalygn. - gistance the age of one of the base GPTS chron

ppendix
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boundaries. We calculated boundary ages for the deep-tovBarrett, D. L., and C. E. Keen, Mesozoic magnetic lineations, the
profile models using the expression age (Ma) = 156.4% -+ ( magnetic quiet zone, and sea floor spreading in the northwest Atlantic,

. . J. Geophys. Res., 81, 4875-4884, 1976.
0.0154). The figure 156.41 is tiarland et al.[1990] GPTS Blakely, R. J., Geomagnetic reversals and crustal spreading rates during

date for the old boundary of M27r, an easily recognizable the Miocene, J. Geophys. Res., 79, 2979-2985, 1974.

anomaly at the young end of our profiles. Our polarity reversalBlakely, R. J., and A. Cox, Evidence for short geomagnetic polarity

sequence can be adapted to new versions of the GPTS by intervals in the early Cenozoic, J. Geophys. Res., 77, 7065-7072,
72

SUbStltu“ng the ‘age of M27r in thebave fom.“”a and Brenner, C., and M. Angell, Data report: Bathymetry of the Pigafetta and
recalculating the slope of the anomaly versus distance curve  g,qt Mariana Basins, Proc. OceaiillDProg., Sci. Results] 29, 693,

from Figure 8 and Table 1. Although the tables give the 1992,
boundary ages to 0.001, this is the model resolution, not theBurek, P. J., Magnetic reversals: their application to stratigraphic
absolute age accuracy. problems, Am. Assoc. Petr. Geol. Bull.,, 54, 1120-1139, 1970.
Cande, S. C., and D. V. Kent, Constraints imposed by the shape of marine
. . magnetic anomalies on the magnetic source, J. Geophys. Res., 81,
Table Al. Polarity Chron Boundary Distance on D/V 41597_4162’ 1976. 9 Phy
Glomar ChallengerLeg 89 Tie Line Cande, S. C., and D. V. Kent, A new geomagnetic polarity time scale for
the Late Cretaceous and Cenozoic, J. Geophys. Res., 97, 13,917-
. ) 13,951, 1992a.
Distance Distance Cande, S. C., and D. V. Kent, Ultrahigh resolution marine magnetic
Boundary km Boundary km anomaly profiles: A record of continuous paleointensity variations? J.
Geophys. Res., 97, 15,075-15,083, 1992b.
Cande, S. C., and D. V. Kent, Revised calibration of the geomagnetic

M23r (o) 49 polarity timescale for the Late Cretaceous and Cenozoic J. Geophys.
M24r (y) 64 M24-1 (y) 74 Res., 100, 6093-6095, 1995.
M24-1 (0) 86 M24r (0) 97 Cande, S. C., and J. L. LaBrecque, Behavior of the Earth's paleomagnetic
M24Ar (y) 103 M24Ar (o) 124 1‘1|(;I;i4from small scale marine magnetic anomalies, Nature, 247, 26-28,
M24Br (y) 143 M248Br (o) 150 Cande, S. C., J. L. LaBrecque, and R. L. Larson, Magnetic anomalies in
M25r (y) 157 M25r (0) 168 the Pacific Jurassic Quiet Zone, Earth Planet. Sci. Lett., 41, 434-440,
M25An-1 (y) 177 M25An-1 (o) 180 1978.
M25An-2 (y) 186 M25An-2 (0) 188 Chaénnlel,é]. E. T, E. E_rba, M. INakancijshi, and_ K. Tamal_<i, Late JLIJraSISiCI(
arly Cretaceous time scales and oceanic magnetic anomaly bloc
M25Ar (¥) 196 M25Ar (0) 199 models, in Geochronology, Time Scales, and Global Stratigraphic
M26n-1 (y) 209 M26n-1(o) 210 Correlation, SEPM Spec. Publ., vol. 54, pp. 51-63, Soc. for Sediment.
M26n-2 (y) 215 M26n-2 (o) 217 Geol. Tulsa, Okla, 1995.
M26n-3 (y) 226 M26n-3 (0) 228 Clement, B. M., and D. V. Kent, Short polarity intervals within the
M26r (y) 238 M26r (0) 248 Matuyama: transitional field records from hydraulic piston core sites
in the North Atlantic, Earth Planet. Sci. Lett., 81, 253-264, 1987.
M27r (y) 257 M27r (o) 264 Dyment, J., and J. Arkani-Hamed, Spreading-rate-dependent
M28r (y) 280 M28r (o) 299 magnetization of the ocearlithosphere inferred from the anomalous
M29r (y) 371 M29r (o) 384 skewness of marine magnetic anomalies, Geophys. J. Int., 121, 789-
804, 1995.
Dyment, J., S. C. Cande, and J. Arkani-Hamed, Skewness of marine
Boundaries are for reversed polarity chrons; (y) designates magnetic anomalies created between 85 and 40 Ma in the Indian
younger boundary and (0) designates older boundary. Chron Ocean, J. Geophys. Res., 99, 24,121-24,134, 1994.
nomenclature is frorlarland et al[1982, 1990]. Floyd, P. A, and P. R. Calto, Geochemistry and petrogenesis of

Jurassic ocean crust basalts, Site 801, Proc. OcainAbog., Sci.
. Results, 129, 361-388, 1992.
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