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ABSTRACT

ontinuation of an 2lder fracture

The Murray fracture zone is 8 con
zone, which was active during the formation of the Hawaiisn tineations.

The older zone is defined by the termination of the Hawiian lineations
1idway Island. Thers is some structural and topographic evidence
of the older zone on the deep sea floor. Sediment cover in the area is
undisturbed by faulting on the zode;

Some magnetic lineations haves vesn identified south of the fracture

zone, however they do not fit into the Hawaiian sequence, and the residual

+y

anomalies are not similar to those found east of the Hawaiian sequence,
in the magnetically smooth zone. This magnetic province may be related
to a complex reorientation of spreading patterns between the Hawaiilan

and Phoenix sequences.
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The presence Of long submarine scarps on the floor of ths Pacific
oz2an off California was known in the late 1930's (Murray, 1939). The
inforoation avallabvle increased slowly with the improvement in echo-
sounding equipment, and the increase in deep sea soundings from Qarious
agencies enabled a general picture of the deep sea floor to be con-
structed. By te early 1950's the major outlines of oceanic topography
were xnown and se#eral submafine scarés, and their extension into
bands of ridges and troughs, were kn?wn to extend across the Pacific
s=a floor for thousands of kilometers. The relief across somz of these
features was known to be of the order of some thousénds of meters.

The regiocnal changes in depth of the level sea floor between some
of thes north Pacific fracture zones were thought to be due to variations
in crust-mantle density, or tc variations 1in sediment thickness, or to
combinations of both (Menard, 1955). Tne offset of equal depth
contours across a fracture zons was also hypothesised to be the result

T strike-slip faulting (Menars, 1960).



The identification and correlation of magnetic anomalies across
fracture zones led to the modern interpretation of fracture zones as

ma, jor sea floor spreading features. Mason (1958) pointed out that linear
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correlated with offsets similar to that of the bathymetric contours.

The known offsets across fracture zones in the North Pacific were
then explainable in terms of a simple strike-slip féulting mechaniém,
because only one side of a mid ocean ridge system was being considered.
When the offsets across North Atlantic fracture zones determined,and it
was found that the sense of the offset was reversed in going from one
side of the ridge system to the other (¥ine,1966),simple strike-slip
faulting was no longer a viable mechanism.

In 1965 Wilsqn had proposed the hypothésis of transform faulting,
which explained the reversal of offsets on either side of a:rmid ocean
ridge in terms of initial ridge offsets and sea floor generation.Tnis
hypothesis avoided two of the major objections to the strike-slip mode
of formation of fracture zones.

These two objections were the lack of earthquake activity along

such major faults, in contrast to the activity found on major faults



on the continents,and the change in strike bearing along the faults.
Neither of these objections had seemed particularly serious winan the
strike-slipc mechanism was first proposed, mainly because the lack of
an adequate seismometer network could explain the first, and the lack
of good bathymetric surveys the second. However the increase in the
quality and coverage of the seismograph station net, and the increasing

A : e
amount of accuratly controlled bathymetry brought the above two objections

to the fore, and necessitated an alternative to the strike-slip mode

of origin.



The ovjections having Tteen dispcssd of by the transform fault
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hypothesis, which appeared to 22 supzoried by Vine's {(1968) magnetic

across fracture zones to be dated.

The sea floor spreading hypothesis was extended and elaborated
in its application to fracture zone development and topography by
Menard and Atwater (1969), Vogt, et al. (1969), Sleep anq Biehler
(1970), and Lachenbruch and Thompson (1972).

In the light of the work of the zbove investigators two major
problems remain to be examined, although this is not to imply that
all the answers . to the earlier problems of genesis and structure have

These
been Tound. TBAE two gbove mentioned problems may be related; the first

is hov do the fracture zonss we Tfind on the sea floor today terminate,
and the second is what is the relaticaship between fracture zones
generated during the latest se2a flcor spreading episode, and those
generated during previous spiscdes. The answer to the first problem'

o

m2y be best answered by exzamination of Atlantic fracture zones due to

the apparently simpler structure and oceanic history there compared



to tha Pacific, due to recent work which has cormmenced to unravel the
nistory of the older sea floor (Larson and Chase, 1972; Larson and
study
This Baper-throws soms light on the second provlem, although the
surveys reported here were originally intended to attempt to trace

the Murray fracture zone through tne Hawalian ridge and further west.

Navigation control

Historically the availability of precision navigational aids has.
controlled the accuracy of deed sea surVeys.

The older reconnaissance surveys were carried out using celestial
fixes and dead reckoning; the lack of the capability to obtain frequent

accurate fixes obviously limited the usefulness of closely spaced

survey lines. However rmuch old, though useful, date was obtained from

7%

routine sounding carried out by ships in transit. Under these condi-
tions of constant course and speed, with careful navigation, the

errors in position were likely to be comparatively small. In contrast,
on a local survey, with frequent course and speed changes, the old
style of navigation was not sufficiently accurate for detailed

survays. The advent of Loran 4 and C eased the problem considerably,



providing accurate navigation zonirol, but only in limited areas off

the west coast of North Americz and zrcund the Hawzilian Islands.

deteriorated, and it was not until the U. S. Transit satellites and
VIF-Omega systems became aveilable for research ship use that precision
surveys in mid-ocean were practicabls. This means that deep sea

. > o

surveys carried out befors the mid-1250's can be considered as recon-

naissance surveys only, although witzin Loran range the older surveys
may have sufficient precision.
In practice the above does not zlier any significant conclusions,

as the bulk of the work done was intended for reconnaissance only; few

-

surveys were intended to provide definitive charts of the fracture

l—l.
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zones. Operation Seamap is the major sxample of a definitive open

ocean nonclassified survey in this field. Of the other fracture zone

surveys mentioned only the Murray fracture zone surveys of Malahoff

and Woollard (1970) and the continustiion reported herein have the

close track spacing snd conirol to ts considered for the classifica-

tion of definitive, as far as the PsciTic area is concerned.



Previous Surveys Of Fracture 7Z0n=235

Topograpnic surveys OFf various Iracture zones have been carried

were essentially reconnailssancs surveys, due to time and navigational
limitations. Such reports have been published on the following
fracture zones: Mendocino (Menard and Dietz, 1952), Clipperton
(Menard and Fisher, 1958), Blanco (McManus, 1965), Emperor (Erickson,
et al., 1970), and Gibbs (Fleming, et al., 1970).

With the development of magnetic interpretation for fracture zone
identification, many additional fracture zones have been found, e. g.,
Emperor (Erickson, et al., 1379, Ecuador, and Costa Rica (Grim, 1970).

Geophysicallsurveys of Trscture zones in order to determine the
structure of the zone itself are very few. Talwani, et al. (1959)
used two-dimensional gravity models to determine the structure of the
Mendocino near California, and similar simple models of structure
using gravity data were reportzd by Burns and Malahoff (1970) for the

Murray and Clarion fracture zcnes.



Szismic refraction worz nss b2en very linited, of necessity, as

the complicated topography =ss32ntislly negates the pessibility of
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shooting in a fracture zons, Henca seismic control is best ut
on either side of a zone to furnish crustsl sections whic@ can be
extrapolated into the fracture zone using gravity profiling. Such
work has been reported for tae Mendocino (Dehlinger, et al., 1967).
Seismic reflection and magnetic data have been anaiysed and pub-
lished for the Murray fracture zons, which is the best surveyed of
all msjor zones.
Von Heune (1969) publishei s=ismic reflection profiles run across
the zone between the Califoraia continental slope and 126° west longi-

tude, while Malahoff and Woollard (1270) published topographic, seismic

reflection, and magnetic prcfiles, including magnetic source body
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analysss, between 127° west longitude. Operation Seamap
surveys across the Murray frac-urs zone extend from 156° to 174° west
longitude. Seamap data avzilsdle variss from area to area, but
generz1lly includes bathymetr:, megnetics, and gravity. Some of this

data nas been published by Rea and ZIzugler (1971), Naugler and Erickson

(1968), and Lucas (197L).



General Topography of Fracture Zones.

The most dramatic topograptic features of fracture zones are those

first discovered, the great scarps, extending over thousands of meters in

faulting, in the younger sections of the fracture zones, their initial
height being due to a combination of the degree of initial offset of the
ridge segments, the spreading rate, and the age-depth relationship of

the ocean crust (Sclater and Francheteau,1570;Sclater, Anderson, and Bell,
1971).The above referenced papers by Sclater and others,derive a mathematic
-al relationship between the depth of the ocean floor and the age of the
crust which underlies that floor. The relationship is based on theoretical
considerations of heat flow through the crust,and the expansion coefficient
of the rocks which are believed to comprise the crust and underlying
mantle.Their theory proposes that as the crust moves away from the ridge
crest it cools down, and as the crust and underlying mantle cool, they
contract. The theoretical curves have been shown, by the above authers,
to:fit the observed age depth profiles quiet closely, after adjustment

of various parameters to fit each particular spreading rate case. Deriving
the age from the depth is fairly reliable out to some 4Omybp., older than

this the method loses accuracy as the curves become asymtotic, as do the deca
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depths .Thus an initial ridge segment offset gencsrates an initial scarp
out to approximately 4Omybp., the height of the scarp at any point depends

on the age difference of the crust across the fracture zone at that pocint.

at least not one so0 generated.The ridges and troughs found on several

racture zones past the point on the zones where they could be explained
by the above mechanism are probably caus=d by the processes helieved-to
be operative in a leaky fracture zone.

The concept of a leaky fracture originated with Menard and Atwater
(1969),as their studies of sea floor screading processes showed that
fracturezzones and ridge segments have not always been orthogOnal,as
is required for a simple ridge-fracture system.It became apparant that
there had been many small changes in the oriegétion of the spreading
centers , and the associated fracture zones, in the past.The analysis
of the consequences of changes of orientation of the sea floor spreading
system was carried farther by Vogt,et 21.(1969),while the hydrodynamic
and viscosity factors which affect the upwedling of material in a leaky
fracture zone were considered by Sleep and Biehler (1970).

The above inve;tigators, while able to explain much of the mechanics

of fracture zone formation, particulariy as seen in the Atlantic, have

cmL ceemTainAd +hae eanee of the 'great ridees! as described by Menard and



Atwater(1969), and the bifurification of the fracture zones as they splay

out into a band of troughs and ridges in the central north Pacific ocean.

The great ridges are probably czus=d by extrusion in a leaky fracture
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to the fracture zones in the areaz of the great ridges, as &hown: byl .

the linear magnetic sea floor svreading anomalies.

While the great ridges could be caused by normal volcanism, as a

chain of seamounts, it is unlikely that a feature of such regularity

would so originate. There are scme isoclated seamounts on fracture zone

scarps, such as Erben guyot, but these are isolabed examples, and show

no signs of forming a ridge.

There does not appear t©0O be any explanation, at present, of the

bifurication of the fracture zones.



Topograpny of the Murray Frectiurs Zcae from the ccast of California
to the Musicians seamounts
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There have been several surveys of the lurray fracture zone
between these limits. Cormencing wizh the U. S. G. S. (Von Heune,
1969) off California, the survays were continued by the Hawailil

Institute of Geophysics (HIG)(Malaho?f and Woollard, 1979), and then

by NOAA, in Operation Searmav (Rea and Ilaugler, 1971). The location
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of these surveys is shown in I 1, and detailed bathymetric charts

are shown in Figs. 2, 3, L4, keyed toc Fig. 1. These surveys show the
o)

classic shape of the fracturs zcne iginally described by Menard
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(1955).

Topography west of the Musicians seazocunts

Lucas feported the results of an Operationa Seamap survey north
of the Hawaiian Islards (Fig. 5) and thae latest bathymetric charts of
the area (H. O. Pub. No. 1322, 1971) can be used to fill in the gaps
in Seamap coverage. West of the Hawzaiian Islands the results of NOAA
and HIG surveys have been addad to thae raw soundings used to make

chars No. 1905-N (H. O. Pud. ilo. 1302, 1971), to obtain detailed
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topography (Figure 6). As a major sopograrhic feature, the Murray fracture

zone ceases at the Musicians sezmcunts. T2 the north and south the Mendocin
-0 and Molokai fracture zones can still be seen (Figure 7). However

o

lthougn the Mendocino fracturs zcne continues wesptwards from the Musicilans

[&V]

region,its topography iscconfused by the presence of the Mellish ?ank
structures, east of the Hawalian ridge and to the west of the ridge, it
appears as a broad band of low aorsts and grabens associated with a broad
regional depression, unlike the sharp differsntiation between fracture
zones and the normal sea floor, found east of the Musicians seamounts
area. Similarly the Molokail fracture zonz 1s seen only as an area of

elongatfe troughs and ridges, whosz relie? west of the Hawaiiad}idge is

=

awaiian ridge.

much subdued relative to what it is east of the T

An examination of the bathymetric charts shows that a similar

pattern exists for the Clarion and Clipperton fracture zones to the south

where they cross the Line Islands ridge, which apparantly affects these

two fracture zones in a similar manner to that in which the Musicians

seamounts affect the Murray and Msndocino fracture zones. This appears

to confirm the theory that the Miusicians seamounts and the Line Islands

ridge are both localities which mark some type of tectonic boundary, or

where that boundary has been in the past.



Detailed consideratiom of the vathymetric charts shows the change

1 . 3 .

in relief patterns across the lMusicians seamounts arsa. Examination

(9)]
(9]

Murray
of Figure 8 shows that off California the/fracture zone starts as a

basement trough feature which grades into a prominent north-facing
scarp, backed by a band of comple# topograpay, Figure 9 shows the
increasing complexity of tﬁe topography westwards. (Location of the
profiles in Figures 8 and Q is shown in Figures 10 and 11.) The great.
ridge is clearly seen in Figure 2, as is the location of Erben guyot.
The las£ few profiles in Figure Q indicate the commencement of the
bifurication of the fracture zone, which is clearly evident in Figure 12
(profile location shown in Figure 13).

Considering the profiles shown in Figure 12, and the bathymetry of
the area shown in Figure 4, we can determine the changes in quant;tivé
relief across the seamount province. To the east, we have a socuthern
ridge-trough system, with a relief of 40O to 500 meters, and a more
continuous northerly ons, with aporoximately 1000 msters of relief.

Wast of the seamount province, examination of bathymetric charts

Loonoeaenek (H. 0. Pub. No. 1302, 1971) indicates that the northerly
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ridge-trough complex is still dominant, exnibiting s
relief, while the southern comnplex exhivits only some 200 meters.

Both complexs appear to die ou=z at longitude 166

ridges,‘which appear tO be related to the Necker lineations (Naugler
and Erickson, 1968; Rea and Naugler, 1271) can be seen in the southern
section of Figure L.

In the adjoining Seamap area <o ths west (Lucas,19T71) the bathymetry
(Figure 5) ihdicates no obvious topographic lineation which would indicate
the presence of the fracture zone.

In the area west of the Hzawziian Islands which was surveyed by the
Hawaii Institute of Geophysics and the Pacif'ic Oceanographic Research
Laboratories (NOAA), no obvious obvious topographic Lineations were
present either.However the topographic expression of two differing - . .o
structural provinces can be se=n on the chart (Figure 6). The southern
and eastern sections show generally smooth topography, which reflects
comparatively thick sediment cover, up to 0.5 secs. of two-way reflection
time, while the north-central section shows small scale relief, indicating,
through generally uniform sediment cover, an acoustic basement which

is broken up to form
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form low horsts and grabens. In the northWwestern section of Figure 6
depths of over 6000 meters are seen,these deep areas lie on, or near
the location of the Mendocino fracture zone, as Located by magnetic
anomaly offsets.

Erickson and Naugler (1968), using magnetic anomaly trends, traced
the Murray fracture zone from the area of the Musicians Seamounts to the
Hawaiian ridge in the vicinity of Laysan Island.Examination of bathyﬁetric
charts of the ridge near Laysan discloses possible fault traces near

(Malahoi)f and. Woollard,1971)

Midway Island, but not near Laysan. As the Hawaiian ridge in this area

is estimated to be approximately 20my old whereas the age of the sea floor
is at least 80mybp, there should be no trace of movement across the Iwm_% i
fracture zone visible on the ridge structure(Larson and Chase,1272;
Heirtzler, et al.,1968,Jackson, et al.,1972).However bathymetric charts

of the area (a simplified version is shown in Figure T) show that where
the Murray and Mendocino fracture zones inﬁersect the ridge, the volume

of the Hawaiian ridge does not attain that found in the intervening

section. A similar effect is seen at the intersection with :the Necker

ridge, however this reduction in volume is not apparent at the intersection

of the Molokai fracture zone and the Hawaiian ridge.



14

It would appear that the pre-existing fracture zone structures

have exerted some control on the wolume of basalt which was available

for constructing the Hawaiian ridge, dbut that movement along the fracture

~Magneticsanamalies

Insroduction

Hayes and Pitman (1971) and Larson and Chase (1972) have published
magnetic anomaly lineations west of Midway Island. Due to lack of data
they were not able to determine whether the lineations intersected the
Mid Pacific mountains. The additional data preseanted here indicate that
the Hawaiian lineations (Larson and Chase,1972) are either terminated
or offset by the extension of the Murray fracture zone west of the
Hawaiian Islands., The locations of the magnetic profiles used, and the
generalised bathymetry are shown in Figure 1k.

The analysis of the magnetic data shows that there are obvious
differences in the character of the magnetic anomalies found in the
various regions around Midway 18land, These character differences appear
to be related to the relative ages and structures of the corresponding

sea, flOOI‘ I'egions, Srod BRO FE00% = LT %2 SR R ) ,Llr: (I S P =5



A particular point of interest is the magnetic anomaly profile along
Project Magnet track 327A(figure 15), the two large anomalies seen are
due to seamount structufes, but in between the smooth magnetic field
is typical of the magnetic quiet zone between anomaly 32 (Heirtzler, et al.
, 1968) and anomaly M-1 (Larson and Chase,1972). Reference to Platg 2
of Hayes and Pitman(1970) shows that the ofset of anomaly 32 across the
Murray fracture zone is right lateral,if the same sense and amount of
offset exist for anomaly M=-1,theni M=l south of the Murray ﬁould be under
the Mid Pacific mountains. If this is ‘the case then the magnetic ancmalies
betweenthe Mid Pacific mountains and the Murray fracture zone should
correspond to those seen in the gquiet zone between anomalies 32 and M-1
north of the Murray fracture zone.Obviously this is not the case. The
amplitude of the anomalies found south of the Murray is much larger than
those found over correspondingly smooth sea floor in the quiet zone. Also
the anomalies south of the fracture zone do not fit into the seguence
of the Hawaiian lineations, hence it does not appear that the offset was
simply less than that of anomaly 32 to the east. The history of the sea
floor in this anomalous area must have been quite different from that of

the above mentioned queit zone sea floor.
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Interpretation observed magnetic anomalies

-

The magnetic anomaly sequence known as the Hawailan lineations

(Larson and Chase, 1972) is shown in Figure 15, in this figure the sequence
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has been extended from the previcusly identified
basis of the recently acquired data. Examination of Figures 16 and 17

o

shows that while in the western portion of the sequence the anomaly
pattern is a simple uni-directional one, to the east the pattern becomes
more complex, with sets of shorter wavelength anomalies superimposed.

The apparent long wavelength of the ancmalies in the western section

of Figures 16 and 17 is due to the acute angles between the strike of the

anomalies and that of the profiles. In the eastern section of the diagrams

the short wavelength anomalies form a set of loecal, approximately east-west

trending magnetic lineations. In contrast to sea floor spreading anomalies
which correlate over great distances, these short wavelength anomalies do n
not'do s0, but they appear to be caused by local irregular intrusions.

When the anomaly patterns in Figures 15,16 and 17, are compared
it can be seen that the different anomaly patterns are mutually co-existing
, not mutually exclusive. It is also apparant that the change from one to

more than one co-existing anomaly pattern occurs at approximatly 180°.
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The short wavelength magnetic anomalies seen in the northeastern
section of the survey area may be due to the formation of the Hawaiian
ridge. After the extrusion of basalt to form the ridge, ¥Which may have
lasted only some Snmy in‘a particular area, isostatic adjustment took
place. As the mass of the ridge sank, the surrounding crust was bowed
up to form the arch, it is possible that local intrusions occured on the
crest of the arch, at the point of greatest weakness. These intrusions
would probably have been sub parallel to the ridge, and may have developed
as a semi-circular ring in front of the leading edge of the ridge. Which
section of the arch underwent the greatest degree of intrusion would
depend on the ratio of the speed of advance to the rate of isostatic
adjustment. Variations in this 'ratio could lead to variations in the
angle between the axis of advance and the strike of the 'ring dikes'
on either side of the axis,thus accounting for any variation; in the
strike of the short wagelength anomalies.

The other set of major irregular anomalies,of large amplitude but
short wavelength, appear to be associated with the extension of the
Murray fracture zone west of the Hawaiian ridge. These anomalies lie
in a narrow band (Figure 17). Correlation of some of the more prominent
anomalies,e.g. on tracks C-C',D-D',E-E', is possible only over short

distances. The amplitude and irregularty of these anomalies indicate
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that they may be generated by a set of intrusions along the trace of
the fracture zone. In figure:z .- '~ ,::. 17, the trend of the Murray
fracture zone, as identified by liauzgler and Erickson (1968), and by Rea
(1970), to the north of the Hawaiian ridge, is shown. It can be seen
that the trend derived from the magnetic anomalies presented here is
more southerly than that found to the north of thezridge. The proposed
trend is more closly parallel to that already found on the Mendocino
fracture zone to the north, and hence is easier to reconcile with the
geometry of sea floor spreading than the projection of the trend north
of the ridge would be.The change in strike direction appears to take
place at the intersection of the fracture zone and the Hawaiian ridge,
however this may be fortuitous.

Examination of bathymetric charts (figures 5 and 6) and seismic
reflection profiles:( Figures 19 and 22) in the area of the fracture
zone yields mixed results. North of the ridge the available seismic
data shows no evidence of a fracture zone structure, however this is
not very surprising as the tracks cross the zone close to the islands,
where extrusive basalt and overlying sediment may have eliminated the
evidence. To the south the seismic reflection profiles (Figures 19 and

23) show a correlation of structure with the traces of the fracture




zones identified by+the displacement of the Hawaiian lineation anomalies
(Figure 15). However the bathymetric chart (Figure 6) does not any
sign of elongate ridges in the areas where the fracture-zones are located,
the bathymetric chart has many more tracks in this area than there are
seismic reflection tracks. Figure 18, superimposed magnetic and bathymetric
profiles across the Murray extension,shows some correlation of bathymetry
and. the fracture zone boundaries, however the great vertical exaggeration
of the bathymetry on this figure makes any firm conclusions suspect.

The basement between the two southern fracture zones is deeper
than that to the north and south, and it is now covered with a greater
thickness of sediment, so that the surface relief is not as great as
the basement relief in this scuthern part of the survey area.lIt is
this sediment filled trough or basin between the two fracture zones
which can be seen on Figure 18, the surface depreésion is probably due
to differential compaction affecting the greater thickness of sediment
in the trough than on either side.

Both to the north (Naugler and Erickson,1968) and to the south of

the Hawaiian ridge the Murray fracture zone magnetic anomaly trend 1is

diffuse, and it is not clear where the exact boundary is,or which of the

short wavelengtnh anomalies is associated withtthe fracture zone, and which

with the ridge generated stresses.
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The strike of the Hawaiian lineations vecOmes more nearly perpendicul
-ar to that of the fracture zone, going frcm west to east, thus simplifing
the necessary geometry of spreading ridges and fracture zones( Figure 15 ).

however, Jjust
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The Murray extension terminaies
the north of the Murray the segquence is ¢Zfset right-laterally a small
Murray
distance by another fracture zone.Southeof“tbe:/tva fracture zone: reEmsk-
seg-floor-spreadins-tinaations-gre-sesny-2oreverysuperinposed-on-these
tinegbters is a separate pattern of large amplitude anomalies, lying in a
narrow band (Figures 16 and 17 ).These ancmalies are irregular,and may be
the result of a band of intrusives associzted with the formation of the
Murray.Such & band might be expected to b= associated with a 'leaky'
fracture zone.

South of the band of high amplitude anomalies the anomaly pattern is
complex, with few obvious lineations.The amplitudes are to large to be
associated with a period of sea floor formation during a magnetic quiet
period, however they appear to be either smaller than the usual sea floor
spreading anomalies, or so large as to be most probably associated with
some tecponicrstructure rather than with sea floor spreading. Several

lineations have been identified in this magnetic province, with trends




generally similar to that of the Hawaiian lineations. Examination: of

aeromagnetic profiles east of the Midway region, in a generally accepted

1

magnetic quiet zone,confirms that even the smaller anomalies south of the
J

ormation in such a quiet periocd,a
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difference in the composition arnd magnetic characteristics of the sea floor

(Figure 20).

Further to the south the magnetic profiles over the Mid Pacific

mountains show the large and complex anomalies expected in such a region,

(Figure 15 ).

Conclusions from magnetic evidence.

West of the Hawaiian ridge the Hawaiian lineations are terminated
by the extension of the Murray fracture zone.Another major fracture zone
offsets the lineation segquence right-laterally Jjust to the north of the
Murray,the relationship between these two fracture zones is at present
unknown. Some smgller fracture zones just west of Midway appear to be
continuous with proposed faults in the vicinity of Midway Island,the
faults being inferred from the configuration of the Bathymetric contours
around the island (Malanoff andWoollard,1971). The magnetic lineations
south of the Murray fraciure zonz do not appear to be part of the Hawaiian

lineation sequence,and the larger amplitude anomslies may be of tectonic

OV~ n



Seismic reflection studies:in the Hawaiian ridge area.

North of the ridge there 1s little relevant data,the only available

profiles inthe area are located just st of Midway Island(Figure 21).

or structures,vtypical-of a fracture zone configuration. In view of the
age difference between the presumed ages of the fracture zone and the
Hawaiian ridge in this area,some 60my.,this is not surprising.There has
been ample time for basalt and sediment from the ridge toﬁbliterate

any fracture zone traces close to the ridge.

South of‘the ridge the available data is much more extensive ,vecords
from three cruises having been examined (Figure 21).The correlation
between tectonic structures seen on the seismic reflection records and
the fracture zones identified on tht basis of magnetic evidence has
already been discussed.

Comparison of the seismic records in the survey area north of the Mid
Pacific mountains with those obtained further to the west, discloses that
there is a difference in the character of the acoustic basement nokth of

the Murray and associated fracture zonesjie. horth of the 0.5 sec.isopach
(Figure 27)

isopach of this isopach
and the area to the south of this:/ue. To the north/ the acoustic basement

is typically formed of low horsts and grabens, with only some 0.2-0.3 secs.



of sediment cover. In the vicinity of the Hawaiian ridge this cover is

increased by the sediment derived from the ridge, wnich forms an archi-

pelagic apron (Figure 19).To the south,the acoustic basement is typically

sncother ,withup to 0.6 secs. of sediment cover. Figure 23 illustrates

the difference in character of the basement,it also shows, in the southern

section of 'C-B', the sedimentary basin which is formed between the Murray

fracture zone and that fracture zone immediatély to the north.This basin

has a normal sea floor, generated by sea floor spreading,but the basément

isclower than that closer to the tdidge. Wnile the sediment cover to the norh
isopach appears

of pg@aozs.ggg¢/i53;;7§o be predominantly pelagic in origin,being evenly

distributed in both the horsts and the grabens,that found in the basins

W

between:theeMurray fracture zone:and:the-0.5useec. dsopachs: =zt 43 =h

SLeln,wassapparantly deposited by some bottom transport mechanism.

The deeper reflectors in the basins pinch out against the basin sides,

although the reflectors are depressed in the deeper parts of the basins,

this may be due to differential compaction,being more Pronocunced in the

thicker sedimentary sections.

This deep sedimentary section,composed mainly of bottom transported

sediment, appears to be genetically related to thick sedimentary sections

found in the area of the Mid Pacific mountains,and to the immediate north
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of the intersection of the Necker and Lirns Islands ridges.
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Although there is only intermittent structural

fracture zones in the main surve; areas, Just west of the Mid Pacific
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mountains there ares good exampls
similar fo th@Seéeén off the coast of California (Figure 25)at longitude
168°E on section Y-Y', and at longitude 172°LO'E on section N-O'. These
scarps are probably not on the same fracture zone, but on two different
fracture zones. In both cases, there appezar to be regional depth changes
across the scarps. The scarp on section N-O is snown in detail in Figure
26, section 2. Further north, on profile ¥-Y', is a complex basement
structure, which may be related to the mcst northerly of the MIdway
fracture zones,this structure is shown in detail in section 1,Figure 26.
The basement troﬁghs in this structurs gproear to be filled with bottom
transported sediment( the sediment is not draped over the basement
elevations,as would be expected if it weré of pelagic origin).
Consideration of the availavle data in the area of profiles Y-Y'
and N-O yields no obvious reason for the dramatic change in the structural

configuration of the fracture:zones,betwe=zn the areas first examined,

to the south of Midway Island,and the arez of the above two profiles.

One possibility is that the sea floor adiacent to the Mid Pacific mountains




2k

has a slightly thicker crust than normal, or for some reason has not
subsided with age as much as would be expected,and thus still preserves
some, or all of the original scarp elevation.However, when the lack of
survey data is considered, the possibility that the two fault, or fracture
zone scarps are not related to the frécture zones previously defined
cannot._be ruled: out.

The only presently available evidence of the age of the sediments
themselves is that obtained from DSDP site 45 (Heezen et al,1971),which
lies:cloge'to the position of anomaly M-3,dat?d at Llkmybp (Larson and
Pitman,1972). The drilling at site 45 reached a reflector approximately
0.1 secs. below the surface of the sediments, core catcher fragments
from the vicinity of this reflector are identified as being of cenomanian
age, aproximately 96mybp. The total sedimentary thicness at this point,
above horizon B', acoustic basement, is 0.35 secs..Accepting the above
ages, it appears that the bulk of the sediment was deposited in a period

of some 18my., with slower subsequent deposition.



Discussion

It has been proposed that the Emperor and Musicians seamounts,and the
Necker and Line Islands ridges imark the location of the spreading center
at the commencement of the present spreading episode (Wilson,1970;
Handschumacher,1973).

The spreading patterns in the western-Pacific identified by Larson
and Chase(1972) indicate a different pattern of spreading centers in
the mesozoic than more recently,thus although the orientation of‘the
Hawaiian lineations is similar to that .of anomaly sequence 1-32 (Heirtzler

each of

et al,1968),between the Murray and Mendocino fracture zones,/these
fracture zones : is probably the result of two historically different
spreading episodes,each with a different arrangement of spreading centers,
and thus the bresgk in structural continuity at the old boundary can be
accounted for.The continuity of the fracture zone trend can be explained
by the old fracture zone acting as an initiator for the formation of
the new fracture zone, at the start of the new spreading episode.

The diminution of bulk of the Hawaiian ridge at the intersection

with the Mendocino,Murray,and Necker structural trends may be related

to the structure of the crust in the vicinity of these trends. If the

3
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crustal structure in these old sections of fracture zone is similar to

that found on the Mendocino off California, then the crust in the immediate
viecinity of the fracture zones is much thicker than the normal oceanic
crust (DehLinger et aL,L967). This thick crust could have provided an
obstacle to the hot sgot, or whatever mechanism generated the magma

which created the shield volcanoes of the Hawaiian ridge.However the lack
of such a diminution of volume at the intersection with the Molokai
fracture zone is difficult to explain.

The similarity in position and strike of the faults postulated by
Malahoftf and Wollard (1971) and the small fracture zone Jjust west of
Midway Island (ILarson and Chase,1972) is difficult to explain, considering
the difference in ages of the two features, unless there is some way
in which the 92ld fracture zones can exert some control over the extrusion
of basalt in their vicinity, thus leaving the appearance of a straight
topographic feature,which could be interpreted as a fault from the
topographic data.

The lack of any major topographic feature usually associated with -
fracture zones in the area west of the Musicians seamounts, as far as
the Murray is concerned, can be explained by the age of the crust. If

the original fracture zonc were a simple scarp, then when the mantle
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cooled the scarp would disappear,as the original temperature difference
creating it would have disappeared, leaving only some minor ridges and
troughs.The prominant scarp west of the Mid Pacific mountains may be
related to the sea floor around the mountains themselves being slightly
elevated, and thus perpetuating the scarp after it has disappeared:from
places where the sea floor was Ofcthe same crustal thickness on both
sides of the fracture zone.

From the magnetic evidence the most southerly of the fracture
zones ;n the survey area west of Midway Island (Figure 15) is the Murray
fracture zone.This is the fracture zone which either terminates, or
displaces far to the west, any south eastward continuation of the
Hawaiian lineation sequence, the more northerly fracture zones only
displace the sequence to a minor extent.The area south of the Murray
has a different magnetic character to what would be expected if the
Hawailan sequence had merely been displaced westwards,the magnetic
character not being that of a quiet zone.

Larson and Chase (1972) describe the Hawaiian and Phoenix lineations
and show that they are at very different orientations, even though they
are of the same age. This difference in orientation is explained as

being the result of a magnetic bight, similar to that found off Alaska.
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So far, no lineations have been found in the area between the two above
mentioned lineation sequences, which support the bight theory,neither
does the available data deny the theory.A definite answer must await

a special survey, as much of the presently available data is of little
use.However, the unusgal character ofithe magnetic anogalies south of
the Murray fracture zone hints at a complex tectonic history of the
crust between the two lineation. sequences, and the fact that the complex
anomalies start just south of the Murray implies that the bight,'or
rotation, which eausedtthe different orientations of the anomaly sequences
commences Jjust south of the Murray fracture zone.

Thus we have a strong indication that the Murray fracture zone in
the area in question is a major tectonic boundary,between normal sea
floor to the north (the Hawaiian lineations) and the transition to the
sea floor generated by that section of spreading ridge which generated
thé Phoenix lineatiqns.It is possible that the Mid Pacific mountains
are in some way related to this transition in spreading direction.
Presently work on the tectonics and history of this transition area is
being carried out by D. Handschumacher, with particular reference to

the magnetic anomaljes in the area.
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Conclusions

Fracture zones appear to be very persistant features,their initial

formation is apparantly localised by some pre-existing weakness in the

crust,which may be an older fracture zone. In this way a fracture zone

could theoretically extend completely across the Pacific basin,having

been active through several spreading episodes.

In the case of the Murray fracture zone, it has now been traced

from the coast of California to the Mid Pacific mountains,and may extend

further west yet.The determination of the full extent of the Murray

will have to await fresh survey data.

The tendancy of the sea floor to reach an equilibrdium depth after

4Omy. obviates the necessity to explain the lack of any regional changes

across the fracture zones,the lack of any continuous ridge and trough

zone ‘is partly due to the decline in depth differences with increasing

age, and partly to subsequent sedimentation. It is possible that the

old fracture zones were similar to the Murray off California,with a simple

scarp structure,in which case the scarp would probably disappear with

increasing age,leaving the type of low-relief basement that is found

on most of the fracture zones west of Midway Island today.
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Selected bathymetric contours in the region of the
Hawaiian ridge, contours from Chase, et al., 1970.

Seismic reflection profiles off the west coast. Profiles
1-3 after Weeks and Lattimore(l971),h-12 after Von Heune
(1962). Location shown in Figure 10.

Seismic reflection profiles traversing Murray fracture
zone, after Malahoff and Woollard, 1971. Location shown
in Figure 11.

Location of selected profiles from Weeks and Lattimore
(1971), and Von Heune (1969). Profiles shown in Figure 8.
Modified from location charts of above authors.

Location of profiles shown in Figufe 9. After Malaghoff
and Woollard (1971).

Topographic profiles across Murray fracture zone and
Musicians Seamounts. Locations shown in Figure 13.

Location of profiles shown in Figure 12.

Location of ship and aircraft magnetic profiles in
H.I.G. 1971 Survey area.
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Selected magnetic profiles, showing Hawaiian lineations,
M-1 - 24, after Larson and Chase (1972), and magnetic
anomalies south of Murray fracture zone extension.

North-south magnetic profiles.
North northwest - south southeast magnetic profiles.

Profiles of magnetic anomalies across Murray fault zone
superimposed on corresponding bathymetric profiles.
Keyed to locations shown in Figures 16 and 17.

Photograpns of seismic reflection record obtained on
Kana Keoki (1971) track heading south from Midway towards
Mid Pacific Mountains. Location of track, at longitude

-179°20'west, shown on Figure 2l.

Magnetic anomalies in area between Murray fracture zone
and Mid Pacific Mountains - Necker ridge topography.
Also shown are magnetic anomalies east of Midway.

Location of tracks along which seismic reflection records
were examined.

Tracings of seismic reflection records obtained north of
Laysan island, and east of Midway island.

Selected seismic reflection records, showing two different
types of basement structure, north and south of the Murray
fracture zone. The deep sedimentary basin in the south is
also shown. Keyed to locations shown in Figure Z21.

Generalised isopachs (in secs of two-way reflection time)
north of Mid Pacific Mountains, and location of major
sedimentary basin, identified by seismic reflection data
collected by R/V Kana Keoki, and USNS Bartlett (T-AGOR 13).
(Basin shown by zipitone)

Seismic reflection profiles west of the Mid Pacific
Mountains, showing fracture zone-like features, located
on projected line of identified zones.

Enlargements of sections of seismic reflection records
shown in Figure 25. Upper section shows rift-like feature
on eastern section of profile Y-Y', lower shows fracture
zone on eastern section of profile N-O.

Structural trends of fracture zones, topography and
generalised isopachs in region between Hawaiian ridge
and the Mid Pacific Mountains.
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Figure 27



