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SUMMARY

Late Jurassic to Early Cretaceous (Mcsozom) magnetic anomaly lineations (the
Phoenix, Magellan, Mid-Pacific Mountains, Hawaiian and Japanese lineation sets)
with fracture zones in the west-central Pacific Qcean were identified more
comprehensively than in any previous studics. We fixed 2100 positions of identified
magnetic anomalies based on magnetic data of 283 cruise tracks. Two remarkable
fracture zones, the Phoenix and Central Pacific Fracture Zoncs, were mapped and
newly named, Our newly identified lineations from MION to MO around the
Mid-Pacific Mountains, which belong to the Hawaiian lineation set, illustrated that
the sea-floor south of the Mid-Pacific Mountains has the same age as that of the
north (132-118 Ma). Our analysis of skewness parameters revealed that the older
part of the Phoenix set {M17-M29) has skewness different from that of the younger
part (Mi-M14), implying an effect of magnetic overprints by the Cretaceous
volcanism. Tt was confirmed that the spredding rate of the Mesozoic Pacific
spreading system was the fastest in the world in the Mesozoic. A drastic change in
spreading rates occurred simuitaneously at the period between chrons M21 and M20
(149.5-148.5 Ma) in all the Mesozoic Pacific spreading systems. The event appears
to be synchronous with eveats in other oceans such as the Mesozoic Atlantic and
Indian Oceans.

Key words: fracture zone, Late Jurassic to Early Cretaceous (Mesozoic), Mesozoic
magnetic anomaly lineation, skewness parameter, spreading rate, west-central

Pacific Ocean.

INTRODUCTION

The spreading history of the Pacific platc is revealed by
_ studying magnetic anomaly lincations that chronicle the

evolution of the sea-floor. Tt is well known that there exist
Mesozoic (Late Jurassic to Early Cretaceous) lineations in
the northwestern Pacific Ocean. Several previous works
(e.g., Hilde, Isezaki & Wageman 1976; Sager et al. 1988;
Handschumacher e afl. 1988; Tamaki & Larson 1988)
repeatedly revised or newly identified Mesozoic lineations in
the northwestern Pacific Ocean since Larson & Chase (1972}
first identified them. Cande et al. (1989) published a map of
lincations in the world by compiling previous works.
However, no substantial revision of the Mesozoic lineations
in the whole northwestern Pacific Ocean has recentfy been
attempted, although available magnetic data are greatly
increasing.

Utilizing all available data, we have premsely identified
the Mesozoic magnetic anomaly lineations in the whaole
northwestern Pacific Ocean. Revised lineations in the

northwestern Pacific Ocean, the Japanese and Hawaiian
lineation sets, were already published (Nalcanishi, Tamaki &
Kobayashi 1989). Weo have further extended our identifica-
tion of Mesozoic lineations southward, As a result, the
whole view of the Mesozoic magnetic anomaly lineations in
the northwestern Pacific Ocean was revealed. In this article
we will desceibe the results of owur identification in the
west-central Pacific Ocean and discuss some of their
implications (e.g., skewness parameters and spreading
1ates).

DATA AND METHODS

Geophysical data incorporated in this study consist of 283
cruises including all the available Mational Oceanic and
Atmospheric Administration/National Geophysical Data
Center (NOAA/NGDC) cruise data updated in April 1990
(267 .cruises). Unpublished cruise data which we newly
compiled for this study are composed of six cruises of the
Ocean Research Institute, University of Tokyo (ORI} in the
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Figure 1, Ship’s tracks of 283 cruiscs with magnetic data in the
west-central Pacific Ocean treated in this sudy. A list of the cruises

is shown in Table 1,
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period of 1973-1989, one cruise of R/V Kagashima-maru by
Kobe University, onc cruise of R/V Tokaidaigaku-maru If
by Tokai University, four cruises by Geological Survey of
Japan (GSJ) (Nakanishi, Yamazaki & Tshihara 1992b) and
four cruises from Seripps Institution of Oceanography/
University of California S$an Diego (SIO/UCSD),

Tracks of all the cruises are shown in Fig. 1 and lisied in
Table 1. The term of data spans 30 years from 1960 to 1989,
Their density is higher in the eastern half of the studied area
than in the western half because of the proximity of ports in
Hawaii. Data are diverse in regions west of the Marshall and
‘Gilbert Isiands and east of the East Mariana Basin.

Bathymetric data were used as well as magnetic data to fix
Ay | il the positions of fracture zones, The sea-floor in the studied
!ﬁ@; | 351 “arca is mostly flat except for several topopraphic {eatures

RS RS such as the Magellan Rise, the Ontong Java Plateau, Line
1608 170w s0'W . Islapds and Mid-Pacific Mountains (Fig. 2). As most of the
fAat areas are covered with thick (~400m) sadiments
(Ludwig & Houtz 1979), wc identified fracture zones on
seismic reflection profiles as well as bathymetric data. The

Table 1. Inventory and EOUICES of data used for this study.

Number
Institution af
Cruiges
Ocean Ressarch Inptitue, A
Universily of Takyo
Geniogical Survey of Japan L5
Hobe Universlty 1
Tokni Universlty 1
Canadian Hydrograghlc Service 1
Defence Mup. AE. 5
Hawali lnsiiruic of Goophysics [:x)
[FREMER (France} 2

Tamont-Deherty Geological Olrservaiory a7

Naval Dceanographic Offi ice ]
NOAA/NDS L]
NOAAFOL ]

NOAASU,S. Coasl and Geodelic Survey ¥

Orzgon Stale Universiy I
Scrippa Instilution of Oczanography %0
South of China Sex Sub-Bugcas (Ching} 3
Texas A&M Unlversity 1
Unlvemily of Rode [sisnd 1
Universisy of Washlagwon o
USGS Branch Pacific Marine Geology 17

Data Lin (Towl 283 Files)

GDPID, KHET-5. KHEE-3, KHAT-4-A, KHAR-4-D. KHI0-Z, KHT1-4, KHT34 KH74-2. KH76-t. KHTO. KHR0-3, KHA2-5. KHA?-3, KIi3g-2,
UMGHZ-A, UM54-2-C, UMES-3-A, UMGS-3-B, UMOA-A, LMET

GH7405, GHI60, GHTTO, GHY8UY, GHTAMH , GHEDI-A, GHARO1-B, GHB0S-A. GHADS-B, GHEl4-A, GHBI4-B, GH324-A, GHE4-RB,
GHRI3-A, GHEIZ-R

KGEIOT

TUBS2G

PZT20M

10075, 03973, 17477, 26180, 7144

5102601, 66102602, 671072100, TOO4TIN, 7042202, TU422003, 70042704, 70042205, 71042601, 71042602, 71042505, 72110801, 729 10508,
T3102500, 75072600, 76010301, 76010302, 76010303, 76010304, 76080601, 760R0G02, 77031701, 77031707, THO31703, 77031704,
TIG3TT05, TI031706, TR0S400, TAIGNI0N, THRROKDN, 79102901, 8D041401, B0U41402, BO101002, 81062603, 81062605, 83031601,
E2031602, 82031605, $3011 502, K301 1603, 83011604, RI011603, R4D42R0S, RSIETR, 8612, CK-B0-1, CKBO-2, KI-B0-1, KIBI-1, Ki81-2,
KIR1-3, MWHE07, MWRS0S, MWERLS, MWRONZ, PN79-1, PNRL-1, PNE1-2, 81-79-1. SI61-1, 5181-2, 51¥1-3

85002211, 85002811

1006, C1007, CLIOT, Ci204, CT205, €121, CI301, C1304, C1305, C1712, C2003, CZ004, CI006, L2010, ELTW, ELT31, V1LU7, VZNIG,
V006, V2105, V2404, VI4DS, V2407, V2BE L, VIBI3, V2814, V3212, VA214, VIILD, VITI3, VAL, Va4, V3506, VI603. hALTUN
Vst vi62

51032005, 51932009, 51933014, 51343722, 51932003, SI43520, 51343611, 1343615

CMAPPISD, CMAPSUSD, CMAPSUGE, CMAPPISW. CMAPSUSW, CMAPSUTE, CMAPSUTW. CMAPFRITE
POL6365, POLAS01, POLSS29, POLEST1, POLTON, POLTHH

NOECGS

TAQIOL

TTOWOSWT, TTOW3IBWT, ANTRI4MV, ANTPITMV, ARESHWT, ARESOSWT, ARESOTWT, BNTHIMY, CATOOIMV, CIRCI2AR,
CRONUGIWT, DSDPN6GC, DSDPOTGC, DSDPUSGC, DSDP17GC. DSDPI0GT, DSDFIOGT, DSDPIZGE, DSDPAIGE, DEDPSSGL,
DSDPSIGC, DSDPAIGC, DSDP6IGE, DSDPEEGE, DSDFESGC, ERDUUIWT, ERDOYIWT, ERDLISWT, RRDCIOWT, ERDCHWT,
GECS-BMY, QECS-DMV, GECS-EMV, GECS-FMV, INDPOLWT, INDPOZWT, INDPOIWT, INDPOSWT, INDRIBWT, INDROOWT,
INDPIGWT, INDE12WT, JPYNO2BD, LUSID AR, LUSIOGHO, LUSHTHO, MARAOIWT. MARAOSWT, MARAUGWT, MARAGTWT.
MARAOBWT, MARAQIWT, MARA1IWT, MONSO1AR, METNOSWT, NOVADLAR, NOVAO2AR, NOVADIAR, NOVAGGHO,
NOVAGDAR, NOVAIAHOD, PFTUDEWT, PROAIABD, PROAIBBD, RAMADIWT, RAMAMWT, RAMARSWT, RAMAIZWT,
KAMAISWT, ANDEIOWT, RNDR11WT, RNTIE 12WT. RNDB1IWT, SCANAR, SCANDAR, SCANGSAR, SIXP-1HO, SOTWIOWT,
SOTWIIWT, SOTWIZWE, STYXO02AZ, STYX0IAZ, STYXD4AZ, STYNOSAZ, STYXOGAZ. STYXDTAL STYXOIAZ, STY. XOFAZ.
TETHUZED, TSDYUIWT, TSDYDEWT, ZEESOSAR

X05761, XO5772, X0S783
ODPIME)

RC2610

TT-203

GI79NP, LSE3HW, L6RI5P, L7E2SP, LE7SNP, LSSINP, LUBASP,LIB4CP, DMEDS-B, DMEDS, DMELY, DMEIR, DMEZ], DMEZS, DMEIR,
VI4g, vITH
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Figure 2. Numes of major topographic features in the studied area shown on the 4000 m, 5K m and 70 m GEBCO bathymetde contours.
Lacations of magnetic anomaly profiles used in this article are shown with cruise codes.

seismic data used in this study were 28 cruises from NGDC
and one cruise by SIO/UCSD (RNDB10WT).

Magnetic anomalies were calculated referring to the
International Geomapmetic Reference Field 1985 (IGRF;
IAGA Divislon I Working Group 1 1985). The geomugretic
reversal time-scale used in this study is that proposcd by
Kent & Gradstein (1985) with a modification by Tamaki &
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Lurson (1988). The procedure used for identification of
magnetic anomaly lineation is essentially the same as those
adopted by previous workers, althongh our method,
digitization of magnetic anomalies with assigned age, is new
-and believed to be the most accurate with positioning of
ineations. The deteiled proccdure was as described in
Nakanishi ef al. (1989). Fig. 3 shows an example of magnetic

180°E 170°W

Figure 3. Magnetic anomaly profiles along the ship's tracks in the central portion of the area studied, Scale bar at the top right indicates the

amplitude of magnelic anomalies. Positive anomalics are shaded.



704 M. Nakanishi, K. Tamaki and K. Kobayashi
anomaly profiles plotted perpendicular to the ship's trucks in

the central portion of the studied area. Positive anomalies
on the profiles are shaded.

PATTERNS OF LINEATIONS

Fig. 4 illustrates the Mesozoic magnetic anomaly lineations
we identified. We fixed about 2100 position of identified
magnutic unomalies based on magnetic data of 283 cruises.

It has been known that five Mesozoic magnetic acomaly
lineation sets exist in the west-central Pacific Ocean; the
Phoenix, Magellan, Mid-Pacific Mountains, Hawaiian and
Japanese lineation sets. An increased number of cruise files
and 2 new method of analysis have made our results more
precise than previous studies. The major configuration of
the Mesozoic lineation sets was represented in our chart.
Mapping of lineations was particularly improved in the
following areas: around the Mid-Pacific Mountains, in the
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Figare 4. Summary map of Mesozoic magnetic anomaly fincations and fracture zancs in the whole northwestern Pacific Qcean. Heavy solid
lines sre the lineations identified with M numbers, Anomalies are numbered in accordance with the Mesozoic magnetic anomaly sequence of
Larson & Hilde (1975), Cande, Larson & LaBrecque (1978), Hundschumacher & Gettrust (1985) and Tameki & Larson {1988). Positions of
friicture zones are indicated with solid lines. The 4000 m, 5000 m and 7000 m GEBCO bathymetric contours are shown for reference.



East Mariana Basin, <ast of the Ontong Java Plateau and
around the Magellan Rise.

Fracture zones are clearly identified at 200 points on the
bathiymetric and seismic reflection profiles. We propose here
nomenclatures of two remarkable fracture zones in the
studied area; the Phoenix Fracture Zone and the Central
Pacific Fracture Zone in addition to three fracture zones in
the northwestern Pacific Ocean (Kashima, Nosappu and
South Shatsky Fracturc Zones) named previouslty (Nakan-
ishi er alf, 1989; Nukanishi 1990). The Phoenix Fracture
Zone, which is mostly equivalent o the F.Z.-2 by Larson
(1976), has the most remarkable topographic feature among
those of the Phoenix lineation set. s topographic
expression is a trough bounded by ridges, which is similar to
that of the Kashima Fracture Zone. The maximum height of
ridges is 3000m. The horizontal offset of older lineations
than M20 is nearly 600 km, which is about half of that in the
Mendocino Fracture Zone in the northeastern Pacific
Ocean. The Central Pacific Fraclure Zone is situated in the
Central Pacific Basin east of the Phoenix Fracture Zone. It
had been identified onfy from offsefs of magnetic anomaly
lincations (Larson 1976) until we confirmed its existence
with bathymetric and seismic reflection data. its topographic
cxpressions are a ridge with a scarp. The maximum height of
ridges is 1000 m. The korizontal offset is nearly 150 km.

Phoenix lineation set

The Phoenix lin¢ation set is distributed in the Naurz and
Central Pacific Basins, The area is bounded by the Ontong
Java Piateau, Nova-Canton Trough, Linc Islands and
Mid-Pacific Mountains {see Fig. 2 for location of major
topographic elevations). We newly established linsations in
the northeastern part of the Ontong Java Plateau and west
of Gilbert Islands, while lineations in the other areas were
revised or carefully reconfirmed. Ages of identified
lineations tn the Phoenix lineation set range between chrons
M29 and M1 (160-123 Ma). We successfully drew lineations
older than M29, but could not assign M numbers to them
(Eig. 5).

In the Naurn: Basin, lineations from M29 'to M10N were
identified. Fig. 6 shows selected magnetic anomaly profiles
projected approximately perpendicular to the lincations in
the Nauru Basin, The maximum penk-to-peak amplitude of
anomalies in the Nauru Basin is nearly 400nT and
amplitudes prior to chron M26 are less than 100aT.
‘Amplitudes of anomalies west of the Marshall and Gilbert
Islands increase from 100 to S00nT as apes become
younger. Those between Marshall Islands and Phoenix
Fracture Zone are about 300 nT. In the area from east part
of the Nauru Basin to the Mamshall Islands no lincations
from M24 to M19 have becn identified yet, probably

because there are no tracks trending perpendicular to that of
lineations. No lineations appear to exist over the Ontong

Java Plateau except for norlheastern part of the plateau,
whereas lineations were found over the Shatsky Rise.

Lineations M24 to M1 were identified in the Central
Pacific Basin (Fig. 7). Amplitudes range from 500 to
1000 nT. There exists a large gap between M20 and M14 in
ap area east of the Phoenix Fracture Zone where no
lineations can be identified (Fg. 5). Tt is remarkable that the
amplitudes from MION and M1 are so large (about
1000 aT).

Magnetic anomaly lineations in the Pacific 705

Larson & Sager (1991) indicated a possibility that there is
& sequence of lineations from M22 to M23 south of the
Mid-Pacific Mountains; this is backwards with respect to our
sequence. The reversal sequence was identified by only one
track. However, our data set indicates that thers is a
seamount on the sea-floor under the anomalies identified as
M23 and M24 by Larson & Sager (1991) that is not mapped
in any bathymetric chart. We concluded that the anomalies
were due to the scamount and that the reversal sequence by
Larson & Sager {1991) was excluded. Moreover, there are
no Mesozoic magnetic lineations west of the Mid-Pacific
Mountains (Nakanishi er al. 1992b). Thus, we rejected the
possibility of the existence of the Stealth plate proposed by
Larson & Sager (1991). '

The Phoenix lineation set has several predominating
strikes. Those of lineations in the Nauru Basin west of the

" Marshall Islands are N65°E from M29 to MIB and N70°E

from Mi17 to MIl. Thosc between the Marshall [slands and
Phoenix Fracture Zoac are N65°E from M29 to M22A,
N70°E from M22A to M18 and N75°E from M18 to MI1.
Those between the Phoenix and Central Pacific Fracture
Zones are N65°E from M24B to M20 and N75°E from Mi4
to M1, Those of lineations east of the Central Pacific
Fracture Zone gradually change from NBO°E to NBS°E
between M1ON and MY but remain constant as N75°E from
M8 to M.

There exist lineations with strike of NE-SW, which are
surrounded by the Phoenix, Fawaiian and Magellan
lineation sets, although we could not assign their ages.
Bathymetry in this area is extremely rough. The strike of the
lineations is not the same as those of any other adjacent
lineation sets. This implies that an unknown plate boundary,
that is, an unknown microplate, once existed ncar the
junction among the Pacific, Farallon and Phoenix plates.

No Mesozoic magnetic anomaly lineations are seen
mmmediately south of the lineation M1, Chron M0 was not
identified in an area south of M1. There lies a peculiar
topographic feature called the Nova-Canton Trough that is
appurently like a fracture zone, This deep lineated crack is
nearly parallel fo the Phoenix lineation set. Larson, Smith &
Chase (1972) claimed that the Nova-Canton Trough is an
extension of the Clipperton Fracture Zone situated cast of
this trough. On the other hand, Rosendahl et al. (1975) and
Winterer (1976) postulated that this trough is an abandoned
Pacific—Phoenix Ridge. Joseph et al. {1990) suggested based
on the side-scan data that the Nova-Canton Trough
originated from a fracture zone in its east. They show that
strike of the tectonic fabric north of this trough is N67°E and
that of its south is N42°W. We infer that a reorganization of
the Pacific—Phoenix Ridge from which the Phoenix lineation
set was formed occurred between chrons M1 and M0 which
may probably be correlatable to the origin of this trongh. A
reversed sequence from M3 (south) to Mi (north) exists
with rcpeated appearance of M1 in an area near the Gilbert
Islands. Similar conjugate lineations from Mi to M3 have
been obtained by R. Jarrard (personal commumication,
1990). Tt appears to have resulted from a plate
reorganization at the period from chron M! to chron M0
{Nakanishi et al., in preparation), '

Taylor (1978) identified lineations from MI2 to M19 in
the Lyra -Basin west of the Ontong Java Plateau. His
identification indicated that the age of the sea-floor west of
the Ontong Java Plateau is the same as that of its cast.
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Figare 5. Mesozoic maguetic anomaly lineations (the Phoenix, Magellan, Mid-Pacific Mountaing, and Hawaiian lineation sets) with fracture
zones in the central Pacific Ocean. The 4000 m, 5000 m and 7000 m GEBCO bathymelric contours are shown for reference.

However, our identification suggests that the age of the
sea-floor west of the Ontong Java Plateau is not the same as
that east of the plateau. Recently, Mahoney & Spencer
(1991) proposed that the origin of the Ontong Java Plateau
is a sequence of ridge migration or rift propagation, which
may result in synchronous distribution of ages relative (o the
plateau. Our identification could not confirm whether their
proposal is correct. Further magnetic surveys on and around
the Ontong Java Plateau and more detailed analysis will
expose its origin.

Mapgellan lineation set

“Fhis lineation set was,first discovered by Tamaki, Joshima &
Larson (1979) and revised by Tamaki & Larson (1988). The
present study further revised their identification. Selected
anomaly profiles in a region east of the Magellan Rise are

shown in Fig. 8. The Magellan Trough is situated along
double lineations M9 (Tamaki & Larson 1988). Peak-to-
peak amplitudes of magnetic anomalies north of the
Magellan Trough (700 nT) are larger than those in its south
(400nT). Amplitudes south of the Magellan Trough
decrease with decreasing ages. Strikcs of the northern
lineations of the Magellan Trough change from E-W to
N45°W. Those of the southern lineations vary from N20°W
to N45"W.

In the eastern part of the Central Pacific Basin situated
east of the Phoenix lineation set, we identified the Magellan
lineations from M11 to M1, Strikes of the lineations are

. N55°W, N40°W and N35°W. Orwig & Kroenke (1980)

indicated that there were magnetic anomalies with strike of
E-W in this arca. They concluded that the sea-floor in the
castern part of the Central Pacific Basin was spreading from
100 to 85 Ma (Late Cretaceons), Ishihara & Yamazaki
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Figure 6. Selected magnctic anomaly profiles of the Phocnix lineation sct in the Nauru Basin projected normsally to the lineations and arranged
from east (top] to west (bottom). The annotations of the magnetic prafiles indicate crulse codes. The magnetic reversal sequence is from
Larson & Hilde (1975) and Cande &t al. (1978), Normally magnetized blocks arc solid black. The skewness parameter for caleulation of the
model profile s —160°. FZ shows u fractarc zone indicated by dashed lines.

(1986) tentatively identificd lineations M4 and M3 trending
NW-SE in this area. Our identification is similar to the
identification by Ishihara & Yamazaki {1986), but does not
agree with that by Orwig & Kroenke (1980). The sea-Acor
west of the Line Islamds is oider than the islands in a similar
manner 1o the Central Pacific Basin (Early Cretaceous).
Lineations west of the Magellan Rise were revised and
extended from M21 to M12 (Fig. 9). Lineations from M19 to
M15 identified by Tamaki & Larson (1988) are younger
‘southward, but those in the present identification are
reverSed and older southward. Their strikes gradually
change from E-W (M21} to N4O°W (MI12). The strike of
lineation MIZ (N40°W) in them is the same as that of Mi2
in the Hawaiian lineation set. There exist lineations M20
and M21 trending E-W on the Magellan Rise. The

basement surface of the Magellan Risc has considerubly

rough reliel. Its basement highs are interpreted to be E-W
trending narrow ridges. It seems likely that the Mugellan
Rise was formed near the ridge causing the E-W lincations.
Palaeontolagical evidence based on shipboard study of the
DSDP site 167 samples in the Magellan Rise gave an age of
the oldest sediment to be either Berriasian or Tithonian
{Winterer er ol. 1973). This age, 140-150 Ma, corresponds
to a period between chrons M16 and M21 and is consistent
with our identification.

Mid-Pacific Mountains lineation set

The Mid-Pacific Mountains lineation set was named by
Tamaki & Larson {1988), as it is surrounded by the
Mid-Pacific Mountains and the Line Islands (Fig. 10).
Lincations older than M12 are very short, whereas lineation
M1l is iong. We newly identified lineations near the
Magellan Rise, in the area surrounded by the Magellan and
Mid-Pacific Mountains lineation sets. The oldest lineation is
M14, although a few lineations may exist in the area older
than M14.

We found that strikes of the Mid-Pacific Mountains
lineation set have two predominant directions, although
Tamaki & Larson (1988) identified it with only one strike.
Sfrikes of lineations south of the Mid-Pacific Mountains
gradually changs from N135°W to N70°W from M14 to M11,
whereas they are constant at N55°W after M11. The strike
of lincation north of the Line Islands is N45"W. Lineations
younger than MIO existing between latitudes 174"W and
170°W were found to be different from the results of
previous identification. For instance, we identified lineation
M10 that was identified as MI0ON by Tamaki & Larson
(1988). We could not confirm the existence of lineation M0
near the Line Islands which was identified by Tamaki &

Larson (1988).
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Figure 7. Selected magnetic anomaly profiles of the Phoenix lineation set in the Central Pacific Basin projected normally to the lineations and
arranged from east (top) to west (bottom). The annotations of the magnetic profiles indicate cruise codes. The magnetic reversal sequence is
from Larson & Hilde (1975) and Tamakl & Larson (1988). Normaly magnetized blocks ure solid black, The skewness parameter for calculation
of the model profile is —130°. FZ shows # fracture 2one indicated by dashed lines.

Hawaiian ineation set

Lineations from M10 to MO are well established in an area
around-the Mid-Pacilic Mountains (Fig. 11) and connected
to the Hawaiian set with & strike of N25°W by a fracture
zone. No previous works have revealed this pattern of
lineations around the Mid-Pacific Mountains. New cruise
data after 1980, RNDBIOWT and L984CP, have made it
possible for us to identify them (Fig. 12). A broad positive

anomaly M3 is a key for the identification. Kroenke, Kellog -

& Nemoto (1985) proposed that the sea-floor south of the
Mid-Pacific Mountains, which is younger than that of the
sea-floor north of it (from Hauterivian to Aptian,
132-118 Ma), started to spread in early Albian time
{110 Ma}. Our identification, however, demonsirates that
the age of the sea-floor south of the Mid-Pacific Mountains
is the same as that of the north. The result imposes a
restriction on the formation of the Mid-Pacific Mountains,

Japanese lineation set

In the East Mariana Basin, lineations from M21 o M33
exist (Fig. 13). Selected magnetic anomaly profiles are
shown in Fig. 14. A research crnise KHB7-3 of the
Hakuho-maru pravided a crucial data set for identification
of the lineations. Their strikes are N45°E and amplitades are
less than 100 0T. Hussong & Fryer (1982) indicated there
are lineations from M23 to M25 in the East Mariana Basin
near the Mariana Trench., Handschumacher er al. (1988)
identified lineations from M25 to M31 in an area further
south by aeromagnetic data. Identification by Tamaki ef al.
(1987) is different from theirs. Our result is similar to that of
Tamaki et al. (1987). Five short events between M28 and
M29 are cleatly recognized in two V3506 and two KHS87-3
profiles except for one of KHE7-3. We also identified
lineations southeast of M33, although their ages could not
be assigned (Fig. 13).
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Figure 8. Sclected magactic anomaly profiles of the MageRan Lineation set east of the Mageltan Rise projected normafly to the lineations and
arranged from southeast (top} to northwest (bottom). The annotations of the magnetic profiles indicate cruise codes, The magactic reversal
sequence is from Larson & Hilde (1975) and Tamaki & Larson (1988). Normally magnetized blocks are solid black. M9 is the past spreading
centre. The skewness parameter for calculntion of the model profile is ~190°, FZ shaws a fracturc zone indicated by dashed lines. The

Magellan Trough is represented by heavy dashed lines, )

The ODP hole 801B in the Pigafetta Basin penetrated
pillow basalts immediately below sediments containing
radiolarian fossils of Callovian/Bathonian of middle Jurassic
apge (~170Ma) (Lancclot ef al. 1990). This result seems to
be quite comsistent with the age extvapolated from our
identification of lineations, as the hole is situated roughly
500 ki southeast of an identified lineation M29 (Nakanishi,
Tamaki & Kobayashi 1992a).

Junction beiween the Hawaiian apd southern lineation
sets (Phoenix, Magellan and Mid-Pacific Mountains
‘linegtion sets)

Junctions betwecn the Hawaiian and southern lineation sets,
Phoenix, Magellan and Mid-Facific Mountains lincation
sets, are not as simple as the junction between the Japanese
and Hawaiian lineation sets that was described by Nakanishi
et al. {1989). The Mid-Pacific Mountains are situated in the

junction between Hawaiian and Phoenix lineation sets. No-

lineations older than M10 were identified in the Hawaiian
and Phoenix lineation sets over the Mid-Pacific Mountains.
Lineations from M19 to M15 in the Phoenix lincation set are
obscured in an area east of the Phocnix Fracture Zone.

A junction between the Hawaiiun and Magellan lineation
sets is more complex than.that between the Hawaiian and
Phoenix lineation sats. Lineations from M15 to M12 situated
west of the Magecllan Rise have similar strikes to those of

the samc period in the Hawaiian lineation set. It was,
therefore, concluded that these lineations from M15 to M12
were formed from the Pacific-Farallon ridge from which the
Hawaiian lineation set was formed. The junction of the
Hawaijian and Magellan lineation scts seems to be situated
west of the Magellan Rise.

The distance between the Hawaiian and Mid-Pacific
Mountzins lineation sets is foo small to identify any
linzations at their junction, The strike of the Hawaiian
lineation set is N25°W, whereas thar of the Mid-Pacific
Mountains lineation set is N55°W with a difference of 30°. It
seems that there was a triple junction between these two
lineation sets. Larson (1976) proposed that the Pacific plate
was divided inte two portions from chron M11 to chron M4,
although there is no definite evidence in favour of his
proposal. Another explanation for the junction iy the past
existence of an obliqucly spreading ridge there. In this case
it. is mot necessary to divide the Pacific plate into two
portions. Qur identification prefers the latter case.

A junction between thé Phoenix and Magellan lineation
sets scems (o be sitnated west of the Line Islands. It is
unlikely that magnetic hights existed in a period older than
M3, because older lineations of the Magellan lineation set
than those of the Phoenix lineation set are situated at the
junction between the Phoenix and Magellan lineation sets.
We camnnot confirm the existence of a magnetic bight
youngér than M35, becausc corresponding lineations arc not
identified at the site.
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Figure 9. Seleered mugmetic anomaly profiles of the Magellan
lincation set west of the Magellan Rise projected normally to the
lincatione and arranged from west (10p) to east {bottom). The
annotations of the magnetic profilcs indicatc cruise codes. The
magnetic reversal sequence iy from Larson & Hilde (1975) and
Cande ef al. (1978). Normally magnetized blocks are solid black.
The skewness parameter [or caleulation of the model profile is

- 180°,

SKEWNESS PARAMETERS

Skewness parametcrs of the lineation sets were determined
by deskewing analyses of several profiles in each lineation
set as descrihed in Nakanishi ef al. (1989). Typical observed
" profiles of magnetic anomalies with those deskewed in 10°
increments are shown in Figs 15-18 for the western part of
the Phoenix lineation set (Nauru Basin), the eastern part of
the Phoenix lineation set (Central Pacific Basin), Magellan
lineation set (south and north fanks of the Magellan
"Frough) and Mid-Pacific Mountains lineation set, respec-
tively. The resufts of deskewing are summarized in Table 2.
These values will provide an important clue to reconstruct
the past configuration of each spreading system as the
source of ihe lineations, as the skewness parameter is
affected by three factors; direction (inclination and
declination). of the present magnetic field at the observed
site, direction of natural remanent magnetization (NRM) of
the sea-floor and strike of the lineation (Schouten 1971).
The skewness discrepancy (about 30%) between the south
and north Aanks of the Magellan lincation set was observed.
The skewness discrepancy can be accounted for by non-rigid
plate motion of the Magellan microplate.
Tt should be mentioncd here that skewness parameoters of
anomalies from M17 to M29 and from M1 to Ml4 in the
Phoenix lineation sct are significantly different from

GHBEOE-A

GHBOS-A +
okm 100 km L d %

1 H

M0 faidN Mit

Figure 10, Selected magnetic anomaly profiles of the Mid-Pacific
Mouatains lincation set projected nommally to the lineations and
arranged From west (top) to cust (bottom), The annotations of the
magnetic profiles indicate cruise codes. The magnetic reversal
sequence is fraom Larson & Hilde {1975) and Cande et al. {1978).
Normally magnetized blocks are solid blsck. The skewncss
paramecter for calculaton of model profile is ~190°, FZ shows a
fracture zone indicated by dashed lines.

eachother (Fig. 15). Those of anomalies M16 and MI15 do
not belong to either group. A similar difference in skewness
parameters was reported by Larson & Sager {1991). The
boundary of their difference of skewness parameters is MION
and is different from ours. They suggestcd that the
difference in skewness parameters is due to an undiscovered
plate (Stealth plate) between the Pacific and Phoenix plate
from chron M29 to chron MION or due to time-varying
anomalous skewness in the period owing to a change in the
Earth’s magnctic dipole field intemsity. Howcver, the

. existence of the Stealth plate is unlikely as we described in

the section ‘Pattern of lineations’ of this article. The results
of the skewness analysis of the Japanese and Hawaiian
lineation sets (Nakanishi er al. 1989) showed that there is no
such clear difference of skewness parameters for the same
anomalies in the Japanese and Hawaiiun lineation sets as
seen in the Phoenix lineation set. If the Earth's magnetic
dipole field intensity changed during the period, the change
of skewncss parameters should be observed in other
lination sets contemporary ta the Phocnix lineation set.
The non-existence of the cquivalent changes in other areuss
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Figure 11. Mesozoic magnetic anomaly lineations with fracture zoncs (the Hawaiian linestion sel) around the Mid-Pacific Mountains., The
4600 m, 5000 m and 7000 m GEBCO bathymelric contours are shown for reference,

seems to exclude the change in the Earth’s magnetic dipole
field intensity as a cause of the difference of skewness
parameters, We would like to postulate that difference in
skewness parameters was caused by that in directions of
NRM of the sea-licor by other mechanisms.

The difference in directions of NRM of the sea-floor may
be caused by either of the following two factors; onc is
relative motion between the areas older than chron M17 and
. those younger than chron M4, Observed difference in
skewness parameters, 30°, corresponds to that in declination
of NRM, 70°, assuming that the relative motion has only a
horizontal component. It corresponds to difference in
inclination, 30°, if the relative motion has only a vertical
component. As strikes of magnetic lineations do not change
very much, horizontal motion causing changes of 70° in
declination is untikely. It is also unrealistic to tilt a part of
the large Phoenix plate by 30°

An alternative explanation is a change in direction of
NRM of the basement rocks in thc Nauru Basin, A
Cretaceous volcanic complex was discovered in the Nuuru
Basin (Larson et al. 1981). Such a post-spreading volcanism
has not compleiely destroyed the Late Jurassic to Early
Creataceous magnetic lineations from M29 to MI11 as
observed there. Larson & Schlamger (1981) postulated

tension cracks caused by thermal uplift or magma wedging
to provide pathways for Cretaccous magma through the
Jurassic basement without disrupting the Jurassic magnetic
structure, The Jurassic basement was kept cool by cold sea
water circulating in the cracks to keep its magnetic layer
below the blocking temperature for a period of voleanic
intrusion. The Jurassic magnetic polarity has thus been
mostly preserved in the layer. Magnetization of the
Cretaceous intrusives is wholly normal, as it was formed in
the magnetic quiet period. Superposition of the Jurassic and
Cretaceous layers still causes magnetic lineations observed
on the sea surface.

Palaeomagnetic measurement of cores recovered from
holes 801A and B01B in the Pigafetta Basin (Lancelot er al.
1890) indicated that the Pacific plate moved northward in
the Early Cretaceous, causing an inclination of normal
magentization in the intrusives higher than those of the
Jurassic basement rocks. Several previous studies showed
that the area where a Cretaceous volcanism occurred almost
dgrecs with the area older than chron M7, whereas the
arcas younger than chron MI14 were free from post-
spreading  voleanism. If intrusions by a Cretaceous
volcanism caused a change in the direction of the NRM, the
difference of skewness parameters seems o be explained by
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Figure 12, Selected mugnetic anomaly profiles of the Hawaiian
lincaon set in the south part of the Mid-Pacific Mountains
projected uormally to the lineations and arranged from north {top)
-to souath {bottom), The mugnetie reversal sequence is [rom Larson
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the model profile is —130° FZ shows a fracture zone indicated by

dashed lines.
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Figure 13. Mesozoic magnttic anomaly lineatio

ns with fracture zones (the Japanese lincation sct) in the East Mariana Basin.

overprints of chemical or partizl thermoremanent mag-
petization with higher inclination caused by Cretaccous
post-spreading volcanism.

HALF SPREADING RATES

We computed half spreading rates in the catire area sindied
by applying a linear regression analysis to ages and distances
between lineations including the results by Nakanishi es al.
(1989). We used the skewness parameter in each lineation
set for calcnlation as shown in Table 2. Spreading rates thus
obtained ase shown in Fig. 19. The values vary from 1.84 to
7.87 cm yr~*. Spreading rates of the Japanese lineation set
range from 2.90 to 7.87 cm yr %, The range of the Hawaiian
lineation set is 3.15-5.64cmyr~'. That of the Phoenix
lineation set is 2.86-7.22cmyr”'. The Magellan lineation
get has a range of spreading rates 2.53-6.61cmyr~'. The
range of the Mid-Pacific Mountains Lineation set is
1.84-5.89cmyr™".

The largest spreading rate obtained by this study is
7-8cmyr—! at the lincations from M29 to M25 in the
Japanese lineation set. On the other hand, the oldest part of
the Hawaiian lineation set shows a rate of about 5cmyr™
that is slower than most of the lapanese lineation set. The
oldest part of the Phoenix lincation set shows an
intermediate value of 5-7 cm yr~'. The younger part of the
Phoenix lineation set in the Central Pacific Basin has
spreading rates fester than those of other lineation sets.
Spreading rates east of the Phoenix Fracturc Zone after
chron MS (greater than 6cm yr—*) are guite different from
those in its western part (smaller than 5 emyr~— ).

Variations in spreading rates of the Pacific spreading
systems for Mesozoic ages 16(-123Ma {MZ29-M1} are
shown in Fip. 20. Distinct changes in spreading rates
simultancously occurred at the period between chrons MZ21

The 4000 m,

5000 and 7000 m GEBCO bathymetric contours are shown for reference.
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and M20 in all three lineation sets. Synchrouous changes in
spreading rates were reported with the Keathley sequence in
the Atlantic at chron M21 (Sundvik & Larson 1988) and
with lineations in the Argo Abyssal Plain in the Indian
Ocean between chrons M22A and M20 (Fullerton, Sager &
Handschumacher 1989). Reorganization of the plate
configuration in the Pacific Ocean appears to have accurred
at the same time as changes in continental rifiing in other
parts of the world. An apparent chenge of the spreading
rates at 155Ma (M25) in the Japanese and Hawaiian
lineation sets was not in harmony with that in the Phoenix
lineation set, which does not scem to be a worldwide
phenomenon.

Mesozoic spreading rates in the Japanese, Hawaiian and
Phoenix lineation sets are 4-8, 3.5-6 and 2.7-7.5cmyr ",
respectively, comparable to those of the present East Pacific
Rise (4-9cm yr~"). Those in the Mesozoic lineation sets in
the Atlantic, Arctic and Antarctica are less than 3cmyr™!
(Atlantic: Sundvik & Larson 1988; Rabinowitz, Cande &

Figure 15. Deskewed magnetic anomaly profiles from the Phoenix
lineation set in the Nauru Basin with an observed profile at the
bottom. The method of deskewing is by Schouten & MeCamy
(1972) and Schouten & Cande (1976). Numbers on the right-hand
side arc assumcd skewness parameters with 107 incremenis. Solid
arrows on the bottom of agomalies indicate mnomalies with
symmetric shape that is compictely deskewed. A profile best-fitted
to the madel is eaclosed by a dashed rectangle and regarded to be
completely deskewed. The skewness parameter of lineations older
than M17 thus obtained is —-160° + 20°. That of lineations younger
than M14 is —130° + 10°,
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Figure 16, Deskewed magactic anomaly profiles from the Phoenix lineation set in the Central Pacific Basin compared with an observed profile.
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Hayes 1979; Rabinowitz & EaBrecque 1979; Arctic: Tayior
el al. 1981; Antarctica: Bergh 1977, 1987). Thus, the
spreading rates in the Mesozoic Pacific lineation scts were
the fastest among the presently existing Mesozoic lineation
‘sets (Fig. 21).

We compared spreading rates in several major spreading
systems (East Pacific Risc and Pacific-Antarctic Ridge in
the Pacific, north and south Mid-Atlantic Ridge and ridges
in the Indian Oceun) since the Middie Cretaccous (80 Ma)
until the present (Fig. 22). The fast spreading rate exceeding
10 cm yr~* is observed in the Indian Ocean for a short time
span. Larson & Pitman (1972) indicated that the spreading
rates of the Pacific spreading system in the Cretaceous quiet
period are two or three times faster than those in other
periods, However, Larson (1991) concluded that the
spreading rate in the Cretaceous quiet period was not
abrormally rapid compared with those in the aother ages. -

CONCLUSIONS

We identified Mesozoic magnetic anomaly lineations in the
western-central Pacific Oczan more comprehensively than in
any previous works. Newly obtained cruise data extended
the studied areas where Mesozoic magnetic anomaly

lineations were identified (e.g., around the Mid-Pacific
Mountains, in the East Mariana Basin, east of the Onrtong
Java Plateau and around the Magellan Rise).

The principal results of the present investigation are
summarized as follows.

(1) The configuration of three Mesozoic lineation sets,
the Phoenix, Magellan and Mid-Pacific Mountains lineation
sets, was precisely revealed in the west-central Pacific
Ocean. We newly identified a part of the Magelian lineation
set east of the Phoenix lineation set. We identified lineations
from M10 to M0 around the Mid-Pacific Mountsins, which
are a part of the Hawaiian lineation set.

(2) The strike of the Phoenix lineation set is E-W (from
N65°E to N85°E). There is a large gap from M20 to M4 in
the Phoenix lineation set east of the Phoenix Fracture Zone.
The Magellan lineation set has a strike of NW-SE. The
strike of the Mid-Pacific Mountains lineation set is NW-SE
{N45"W and N55“W).

{3} There exist lineations older than lineation M29 in the
East Marlana Basin, A NE-SW trending lineation set was
found in an area south of the Mid-Pacific Mountains
surrounded by the Phoenix, llawaiian and the Magelian
lineation sets, although uge of these lineations has not yet
heen assigried.

{4) The skewness paramecters of these lineation sets were
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Table 2. Skewness parameters of magnelic lineation sets in the northwestern Pacific Ocean.

Japanase Hawaiian Phoenix
WM 16-M2Y
-2307420° -130°£10° -6t 2207

determined. The dificrence between the younger (M1-M14)
and otder (M17-M28) lineations of the Phoenix lineation set
seems to be due to overprints of chemical or partial
thermoremanent magnetization caused by Cretaceous post-
spreading volcanism.

(5) By combining the present results with our previous
ones with the Japanese and Hawaiian lineation scts,

- Phoenix
Ml-Mi4

«130°£10°

Magellan Magellan Mid-Pucific
(south flank) (nocth flank)} Mownaing
-190°10° -160°E20° -190PL207

spreading rates in varous ages and different areas were
compared. The spreading rates of the Mesozoic Pacific
lineation sets seem to be the largest in the world. A change
in the spreading rates accurred at the peried between chrons
M21 and M20 (149.5-148.5 Ma) in all the Mesozoic Pacific
spreading systems and appears 10 be correlatable ta a
synchronous event in other oceans.
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Figure 19, Variations in the halt Ebreadiug rates of the siudied area calculated by a linear regression analysis for age and distance on the basis
of the lineation map (Fig. 4). Dashed lincs show lineations with M rumbers. Dotted Lines are fracture zones. Numerical figures on thick lines

represcat spreading rates in cm yr .
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Figure 20. Variations in sprending rates of the Mesozoic Facific spreading systems.
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Figure 21. Ranges of spreading rates in the Mesozoic spreading systems observed ln the present world ocenns.
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