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The Murra y frac tur e z·xie is a c'.):!~i:-:·J.ati '.)n '.)f an '.)lcier fracture 

z'.)ne, which :-19s active during the f'.)r:-:i.a'.:.i'.)n '.)f the Hawaiia n lineati'.)OS. 

The olds>r zone is defined by the "'.:er~'.! i n s. t i ::m of the Hawiia n l inea t i ons 

of the o lder zone on the deep sea f:!..oor . Sedime::-it cover in the area is 

undisturbed by faulting on the zone. 

Some magnetic lineations have been identified south of the fracture 

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

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 spreadir:.g pe. t terns between the Hawaiian 

and Phoenix sequences . 

-



\ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

I ntrc':.uc t ion 

'l:'he presence of long sub::-:arine scarps on the floor of th2 Pacific 

oc:ean off California was known in the 19. te 1930's (.l.iu rra y , 1939 ). The 

i:cdo:c~.at ion avai l ab l e increase.:l slowl~' ~-rith the i r:'<provement in ech'J-

sounding equipment, and the increase in deep sea soundings from various 

agenc ies enabled a general picture of the deep sea floor to be con-

s-::ructed. Byt.reearly 1950's the :major outlines of oceanic topography 

were !"..no;m and several submarine scarps, and their extension into 

ba.n:is of ridges and troughs, were known t0 extend across the Pacific 

s ea floor for thous ands of kilometers. The relief across some of these 

festures was kna...rn to be of the order of some thousands of meters . 

The regional changes in depth of the l eve l sea floor between some 

of the north Pacific fracture zones were thought to be due to variations 

i n crt.:.st-rnantle density, or to variations in sediment thickness, or to 

c or{1bi:r:ations of both ( Menard, 1955). The offset of equal depth 

conto·x!·s a c ross a frac ture zone ~·ras also hypothesised to be the result 

Of st:'.:'i ke -slip faulting ( Menar5. , 1960 ) . 
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The identification and correlation of magnetic anomalies across 

fracture zones l ed to the modern interpretat ion of fracture zones as 

ma jor sea floor spreading fea tures . ~t.as on ( 1958 ) pointed out that linear 

mat;netic anomalies on either s::.de oi' :;i".e !-Iurray frac:t ure Z O".l e cou · _,1 be 

correlated with offsets similar to that of the bathymetric cont ours . 

The known offsets acros s fracture z ones in the North Pacific were 

then explainable in terms of a simple s t rike -slip faulting mechanism, 

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 bf the ridge system to the ot her (Vine,1966),simple strike - slip 

faulting was no longer a viable mechanism . 

In 1965 Wilson had proposed the hy pothesis of transform faulting, 

which explained the reve.rrsal of offsets on either side of a • mid ocean 

ridge in terms of initial ridge offsets and sea floor generation.This 

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 

., 
.... •. ~ J ;. -· 
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on the continent s,and the change in strike bearing along the faults . 

• 
Ne ither of these objections had seemed particularly s erious wne n t he 

2t r2. kc -sli 9 n;_e cl-i.an i sm was first p1' oposed, mainly because t he l ack o:f' 

• 
an adequate seismometer network could explain the first, and t he lack 

of good bathynetric surveys the second. However the inc r ease in the 

• 
quality and coverage Of the seismograph station net, and the increasing 

amount 
e/.. of a.ccuratly controlled bathymetry brought the above two objections 

• 
to the f ore, and necessitated an alternative to the strike -slip mode 

of orig i n . • 

• 

• 

• 

• 

• 
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• ::;:'he objections h9ving bee:'.! d. isp~.32:1 of :: ::-3 ns form fault 

hypo': hes i s , which ap:p=ared t0 ·::ie s 1J.p~or:; ea_ b::,.' Vine 1 s ( 1966) rri.agnetic 

• d.a ta , the s ea floor r23gne':i2 ::..i ::i ee t :..:::ins ·were tne :: ·;seC. as an age 

scale by Heirtzler, et al. (1968), t has enabling cha ri.ges in Offsets 

• across fracture zones to be dated. 

The sea floor spreading hypothesis was extende d and elaborated 

• in its application to fract ure zone development and. topography by 

Menard and Atwater ( 1969 ), Vogt, et al. ( 1969), Sleep and Biehler 

• (1970), and Lachenbruch and TO. on pson (1972). 

In the light of the work of the above investigators two major 

• problems remain to be exami:-ie-:3. , although this is not to imply that 

all t !i.e answers . to the earlier proble:ns of genesis and structure have 

• These 
been found. '±'~~ two ab ave ::nent ioneO. problems may be related; the first 

is ho..r do the fracture zones we find on the sea floor today terminate, 

• 
and the second is what is -':he relationship between fracture zones 

generated during the lates~ sea flcor spreading episode, and those 

• 
generated during previous episodes. The answer to the first problem 

IllB.J' be bes t answered o:r exa:-'.i.ination CJf Atlantic fra8ture zones due to 

• 
the apparently simpler structure a ni oceanic history there compared 
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e to the Pacific, due to re~ent -.. rork -..rhich has cor:illlen'2ed t o unravel the 

history of the older sea floor (Larson and Chase , 1972 ; Larson and 

• Pitm.:;.:1) 1972 ). 

study 
This t5~~r-throws some light on the secona_ problem, a .lthough the 

• surveys reported here were originally intended to attempt to trace 

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

• Navigation control 

Historically the availability of precision navigational aids has 

• controlled the accuracy of deep 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 ouch old, though useful, data was obtained f'rom 

routine sounding carried out b;.r ships in transit. Under these condi-

• tions of constant crurse and speed, with careful navigation, the 

errors in position were likely to be cmparatively small. In contrast, 

• on a local survey, with freque:l -: course and speed changes, the old 

sty le Of navigation wa.s not sufficiently accurate for detailed 

• s 1J_r11e:/s. The advent of Loran A and. C eased the problem considerably, 

! 
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• provi::ling accurate ne.vigat i o:-i .::on tro::.: tlut only in lblited areas off 

the west coast of North A::1erica s nd s::c:ind the :qawsiian Islands. 

• With inc r easing range a:!. :: tr-~~ :).se cf .:;<.--:-r9.-res the o":J"':a inaole accuracy 

deteriorated, and it was not u::ttil t he U. S. Transit satellites and 

• VLF-Otll..ega systems became available for research ship use that precision 

surveys in mid-ocean were practicsble. This means that deep sea 

• surveys carried out before t he nid-1960 1 s can be considered as reccn-

naissance surveys only, although wit::.in Loran range the older surveys 

• may have sufficient precision. 

In practice the above d.oes not alt e:r any significant conclusions, 

• as the bulk of the work done ·,;as intenied for reconnaissance only; few 

surveys were intended to proyide definitive charts of the fracture 

• . ' 
zones. Operation Seamap is the major example of a definitive open 

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

• surveys mentioned only the Nurray frscture zone surveys of Malahoff 

and Woollard (1970) and the continuetio:J. reported herein have the 

• close track spacing and control to ce considered for the classifica-

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

• 
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• Pre ~r ious Surve ~rs Of Fracture zo~e s 

Topographic sur:'lreys of var io'J.s fracture zone s have been ca r r i ed 

• out a::id. published b y se,reral i::~resti~s'::ors, however nos"'..; of these 

were essentially reconnaissanc e surveys, due to time and navigational 

• limitations. Such reports have been published on the following 

fracture zones: Mendocino (n enard and Dietz, 1952), Clipperton 

• (Menard and Fisher, 1958), Bla:ico (!·'i~fanus, 1965), Emperor (Erickson, 

et al., 1970), and Gibbs (Flerd.ng, et al., 1970) . 

• With the development of rE:gnet ic interpretation for fracture zone 

identification, many additio::-ial fract '.U'e zones have been found, e. g., 

• Emperor (Ericks on, et al., 1?7.J, Ecua1or, and Costa Rica (Grim, 1970). 

Geophysical surveys of fracture zones in order to determine the 

• structure of the zone itself' are very few. Tahrani, et al. (1959) 

used two-dimensional gravity models to determine. the structure of the 

• Mendocino nea.r California, and similar simple models of structure 

using gravity data were reported by B·.i.rns and Ma lab.off ( 1970) for the 

• Murra~.- and Clarion fracture zo::es . 

• 
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• 32ismic refraction -.. ro-:':.. nas ::;2e;: 'tery li~1iteci , of nec essity, as 

the complicated topography 2ss2n':.isll:.- negates the possibility of 

shoot ing i n a frac ture z or:e. ::e::::e sei s~~-ic con':.rol i s be s t utilised 

• 
on either side of a zone to furnish cr;;. s tal sections which can be 

extra~olated into the fracture zone ~sing gravity profiling. Such 

• 
work has been reported for the Mendocino (Dehlinger, et al., 1967). 

Seismic reflection and :19gnetic data have been analysed and pub-

• 
lished for . the Murray frac':lJre zone, :-rtich is the best surveyed of 

all major zones . 

• 
Von Heune ( 1969) publis'.J.ei seisrci c reflection profiles run across 

• the zone between the Califor~is continental slope and 126° west longi-

tude, while Malahoff and W:::ollard. ( l'.170) published topographic, seismic 

• reflection, and magnetic prcfiles, including w~gnetic source body 

analyses, between 127° - 165"' west longitude. Operation Seamap 

• . 60 40 surve:ls across the Murray frsc:ure zone extend from 15 to 17 west 

longi tel.de. Seamap data availa-:::ile varies :fro::n. area to area, but 

• generelly includes bathymetr:.-, ::iag:::ietics, and gravity. Some of this 

data '.-las been published by ?.ea ar.d Iie'l.gler ( 1971), Naugler and Erickson 

• ( 1968) , and Lucas ( l97t) . 



• 
Genera l T:>pography of Fracture Z::ne3 . 

• T'.1e mos t dramatic topographic fea t ures of fracture zones are th'Jse 

first discove r ed , the great scarps, extending sve r thousands of meters in 

• he ~ght . They are ~~r believed tc b~ ~he natura~ c~nse01ence of transform 

faulting, in the younge r sections 'Jf tne fracture zones, their in itial 

• 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 Yrancheteau ,l970 ;Sclater, Anderson, and Bell, 

1971 ) .The above referenced papers ·ay Sc later 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 an theoretical 

• considerations of heat flow through the crust ,and the ex pans ion caeffic ient 

of the r ocks whic h are believed ~o 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 

• contra ct. The theoretical curves have been shown, by the above authers, 

to: fit the observed age depth prafiles quiet c lasely, after ad ,justment 

• of various parameters to fit each particular spreading rate case. Deriving 

the age fr om the depth is fairl~ reliab le out to some 40mybp., older than 

• this the method loses accuracy a3 the curves become asymtotic, as do the 



depths .Thus an initia l ridge segme nt of fset ge ne rat es a n initial sca rp 

• out t o a pprox i mate l y 4 0mybp ., t i e heigh: of the sca r p a t a ny po int depe nds 

on the age dif'fere nce of the c r ;is t a c r os s the f r a cture zone a t t hat po i nt . 

• 11fnere the fracture zone ia-..: o!_d.er ~'.1e.n 4 ·:.7op . there should Os no scar p , 

a t l e a s t n ot one so gene rated. The r igge s a nd troug hs f ound on sever a l 

• f ractu r e zones past the point on the z o:1es whe re t hey c ould be explained 

by the ab ove mechanism are prob ab l y caus ed by t he proces s e s oel·ieV.:ed-;_ t o 

• b~ ope rative in a leaky fractu re zone . 

The c oncept of a l eaky f r ac t ure orig ina t ed with Me nard a nd Atwate r-

• ( 1969 ) ,as the ir s t udie s of s ea f loor s p:::-eading processes s howed t hat 

fra c ture .:: z one s and ridge s e gme!lt s have :1. 0t a l wa ys been orthogc>nal,as 

• i s requ ire d f or a simpl e r idge -fracture system . It beca me apparant t ha t 

t 
there had bee n many small c ha nges i n the oriena t i on of t he spreading 

• c enters , and the ass ociated f r acture zone s, in the past .The analysis 

Of the consequences of changes of orie ntat i on of the sea floor spreading 

• system was carried fart her by Vogt,et al . (1969 ) ,while the hydrodynamic 

and visc os i t y factors which affe ct t he u pweQling of material in a leaky 

• fracture z one were considered by Slee p a nd Biehl er ( 19 70 ) . 

The ab o-ve investigators, wh ile a b le to explai n much of the mechanics 

• of frac t ure zone for mation, par t icu larly as s een in the Atlantic, have 

·-- .1.. ---~,~-: ~ ~..:i + ho'"'"',,~ "' of' t he ' ~reat ridges; as described by Menard and 



• 
Atwater( 1969 ), and the b ifurificat i on of t he fracture zones as they s play 

• out int o a band of t roughs and ~idge s :n ~ he central north Pacific ocean . 

The grea t ridges are probably ce:J.s e d by ext rusion in a leaky fracture 

•• zone , as there is sorne evi.denc~ -: ·:-:. =.t :::le ~idge~= segments rriere net ortO.agsne.l 

to the fracture zones in the area of the great ridges, as shown·:ByI · 

• the linear magnetic sea floor spreading anomalies . 

While the great ridges cou2..d. be caused by normal volcanism, as a 

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

would so originate . There are some isolated seamounts on fracture zone 

• scarps, such as Erben guyot, bir:: t hese are isolated examples, and show 

no signs of forming a ridge. 

• There does not appear t o be any explanat ion, at present, of the 

bifurication of, the fracture zo~es . 

• 

• 

• 

• 
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Topography of the Murray Frc.:::"ti.l..::-e Zs::.e fr o::", the coast of California 
to the M~sicians searriO;J_nts 

There have been severa::. 3 ;J.::7ej·3 of the I1~urre.y f racture zone 

between these limits. Cor:mlencing -,; i~h the U.S. G. S. (Von Heune, 

1969) Ofr California, the s v.r<-'"eys -we-::e continued by the Hawaii 

Institute of' Geophysics (HIG )(Halahoff and Woollard, 197V), and then 

by NOAA, in Operation Searna p (Rea and I;augler, 1971). The location 

of' these surveys is sha#n i n Fig. l, and detailed bathymetric charts 

are shaNn in Figs. 2, 3, 4, keyei to Fig. 1. These surveys shoN the 

classic shape Of the fractu:::-e zc~es, as originally described by Menard 

( 1955). 

Topography west of tb..e Musicians sea:::i.aclnts 

Lucas reported the results of an Operationa Seamap survey north 

of' the Hawaiian Islar:d.s (Fig. 5) arni t'he latest bathymetric charts of 

the area (H. 0. Pub. No. 1302, ~971) can be used to fill in the gaps 

in Seamap coverage. West o~ the Ha-v.-ai ian Islands the results of NOAA 

and HIG surveys have been a:id.ed to t'.le raw soundings used to make 

char': No. 1905-N (H. o. Pu.b. !To . 1302, 1971), to obtain detailed 
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topography (Figure 6). As a T!'.a j -:::r :;opogra-p':J. ic f ea tur e , t he Murra y fracture 

zone c eas es at the Musicians s ea:'.i.a~nts . ·• r - ..) t~e north a nd s outh the Mendoc in 

- o and Mol okai fracture z one s can s t ill -'.)e s e e n (Figure 7 ) . However 

althougn the r-'lendocino fractc.:re ZC'."le cc::. : 2-::.ues -,.re sp-1ards fram ':he Hus icians 

region,its topography is cconfused oy the prese nce Of the Mellish bank 

structures, east of the Hawaiian ridge a nd to t he west of the ridge, it 

appears as a broad band of low b.orsts and grabens associated with a broad 

regional depression, unlike the sQarp di7ferentiation between fracture 

zones and the normal sea floor, f ound east of t he :Musicians seamounts 

area. Similarly the Molokai fract ure zor. e is see n only as an area of 

elongate troughs and :.ridges, wh ::ise relief ~-rest of the Hawaiiai/ridge is 

much subdued relative to what i~ is eas t of the Hawaiian ridge . 

An examination of the bath:nne t ric c '.1art s shows that a similar 

pattern exists for the Clarion anci Clipi:ert on fracture zones to the south 

where they cross the Line Islan~s ridge, Nnich apparantly affects these 

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

seamounts affect the Murray and. 1-!endocino fracture zones. This appears 

to confirm the theory that the i·fu.sicians seamounts and the Line Islands 

ridge are both localities which nark soce type Of tectonic boundary, or 

where that boundary has been in the pas-:. 
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Detailed cons iderat icn of the bathymetric charts shows the change 

• i.n .:-elief pg. t tern s a cros3 t he r-:uc ic ians sear:tou nt s a:!'."ea. Exaninat ion 

Murray 
of Figure 8 shows that Off Califorl!ia the/fracture zone starts as a 

• basement trough feature which grades into a pro~inent north-facing 

scarp, backed by a band of complex topography, Figure 9 shows the 

• increasing complexity of the topography westwards. (Location of the 

prOfiles in Figures 8 and 9 is sho~m in Figures 10 and 11.) The great 

ridge is clearly seen in Figure 9, as is the location of Erben guyot. 

The last few profiles in Figure 9 indicate the corffi!lencement of the 

bifuricat ion of the fract u re 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 

• I . 
the area sho'm in Figure 4, we can determine the changes in ~uantfttive 

• relief across the seamount province . To the east, we have a sruthern 

ridge-trough systeT:J., with a re lief of 400 to 500 meters, and a more 

• continuous northerly one, :.-rith approximately 1000 meters o:" relief. 

We3t of the seamo:Jnt proYince, examinatio!1 of bathymetric ~harts 

X~~ (H. 0. Pub. No . 1302, 1971) indicates that the northerly 
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ridge - trough c omplex is still :ic:!. :'.. :-Ja m: ,. exh ibit ing s sr0.e 500 meters 

• r e lie f , while the southern c "J:r. :;:,lex ex h :'...o i t s only s ome 2 00 me ters . 

Both complexs appear to die ou-: e. -: Lx-,giLJ.de l 66 c. :-iest . 

• 
ridges, which appear to be re lated to tQ.e Necker lineations (Naugler 

• and Erickson, 1968; Rea and Na -~ ler, 1S71 ) can b e seen in the southern 

s ection of Figure 4 . 

• In the ad j oining Seamap a::-ea -:o th.e west (Lucas , 1971 ) the bathymetry 

(Figure 5) i ndicates no obvi'Jus ':-o ~'Jgraph ic l ineat ion which .,.;ould indicate 

• the presence of the fracture z one . 

In the area west of the He. ;..rai~an Islands which was surveyed by the 

• Hawaii Inst itute of Geophysics and the Pacific Oceanographic Research 

Laboratories ( NOAA ), no obviou s "Jb7 i ous topographic lineat ions were 

• present either .However the topographic expres s ion of twci dif'fering .. 

structural provinces ca n be s een on the chart (Figure 6). The southern 

• and eastern sections show geneYall:r smooth topography, which reflects 

comparatively thick sediment coYer, up to 0.5 secs. of tw.o-:wa y reflection 

• time, while the north -centra l section shows s mall scale relief, indicating, 

through generally uniform sedi:c.ent cover, an acoustic basement which 

• is broken up to form 
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form low horsts and grabens. In t he northwestern s ect i on of Figur e 6 

• 
depths of over 6000 meters are seen,these deep areas l.ie on, or near 

t ;te l ocation of the Me ndoc i no f ra.cture zo:i.e , as I..oca ted b y tn.agr:e t ic 

• 
anomaly offsets . 

Ericks on 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 bathymetric 

• 
charts of the ridge near Laysan discloses possible fault traces near 

(Malaho]'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 •'~ ~--ti•, .; I ., • 

..L _:_ ·.·. _. .I'·-• 
fracture zone visible on the ridge structure<Larson and Chase,1972 ; 

· ~ 

• Heirtzler, et al.,1968,Jackson, et al.,1972 ).However bathymetric charts 

of the area (a simplified version is shown in Figure 7) show that where 

the Murray and Mendocino fracture zones intersect 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, howev~r this reduction in volume is not apparent at the intersection 

• of the Molokai fracture zone and the Hawaiian ridge . 
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I t would appear that the pre-existing frac ture zone structures 

• have exerted some co::itrol on the volume 8f basalt which was available 

for construc;ting the Hawaiian ridge) but :;hat movement along the fracture 

• ~' vne c o:is-cr1).c~ i on c :~~11enced. . 

::.·.1fa.gnetiic a.anamalies 

• In:troduction 

Hayes and Pitman (197~) and Larson and Chase (1972 ) have published 

• magnetic anomaly lineations west of Midway Island . Due to lack of data 

they were not a.ble to determine whether the lineations intersected the 

• Mid Pacific mountains. The additional data presented here indicate that 

the Hawaiian lineations (Larson and Chase)l972) are either terminated 

• or off'set by the extension of the Murray fracture zone west of the 

Hawaiian Islands, The locations of the magnet ic profiles used, and the 

• generalised bathymetry are shown in Figure 14 • 

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 I~.land . These character differences appear 

• to be related to the relative ages and structures of the corresponding 

sea floor regions, c ·-· :: _;.t. · -· 

• l_. : ,_ .. 
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• 
A particular point of interest is the rr,agnetic an omaly profile along 

Project Magnet track 327A(figure 15 ), the two large anomalie s seen. are 

• 
due to seamount structures, but in between the smooth magnet ic field 

is typical of the TI'E.gnet ic q_uiet zone between anomal y 32 (He irtzler, et a l. 

• 
, 1968 ) and anomaly .M-1 (Larson and Chase,1972). Refere nce to Plate 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 f or anomaly M-1 , theri M-1 south of the Murray would be under • 
the Mid Pacific mountains. If this is ·the case then the magnetic anomalies 

betweenthe Mid Pacific mountains and the Murray fracture zone should • 
correspond to those seen in the g_uiet zone between anomal:ie§ 32 and M-1 

nor t h of the Murray fracture zone .Obviously this is not the case. The • 
ampli tude 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 se~uenc e 

• 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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• 
fnterpretation observed magnet ic an or..alies 

The magnetic anomaly seg_uence kr1own as the Hawaiian lineations 

• 
(Larson and Chase, 1972) is shown in Figu:::-e 15; in this figure the seg_uence 

has ~)e e:: extended Lcom the previ c0.sl:,." :'..:ie::-_t :'_f i ei 22 ano:-~:.a.l i es tc 24 on o:.r::e 

• 
basis of the recently acg_uired data. Exa~ination af Figures 16 and 17 

shows that while in the western portion a= the sequence the anomaly 

• 
pattern is a sii'llple uni-directional one, to the east the pattern becomes 

more complex, with sets of shorter wavele:1gth anomalies superimposed . 

• 
~he apparent long wavelength of t he anomalies in the western section 

of Figures 16 and 17 is due to t~e acute angles between the strike of the • 
anomalies and that of the profiles. I n the eastern section of the diagra~s 

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

trending magnetic lineations. In contrast to sea floor spreading anomalies 

• which correlate over great distances, these short wavelength anomalies do :1 

not do so, but they appear to be caused by local irregular· intrusions. 

• When the anomaly patterns in Figures 15 1 16 and 17, are c ompared 

i t can be seen that the different anomaly patterns are mutually co-existing 

• , not mutually exclusive. I t is also appa.:-ant that the change from one to 

more than one co-existing anomal~r pat t ern occurs at approximatly 180° • 

• 
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• 
The short wavelengt h magnetic anomalies seen in the northeastern 

section of the survey area wBy be due to the formation of the Hawaiian 

• 
ridge . After the extrusion of ba salt to form t he ridge, V.htch may have 

lasted only some 5my in a particu lar area, isostatic adjustment took 

• 
place. As the mass of the ridge sank, the surrounding crust was bowed 

up to f orm t he arch, it is possible that local intrusions occured on the 

• 
crest of the arch, at the point of gr~atest 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 l eading edge of the ridge. Which 

sect ion of the a.rch underwent the greatest degree of int r usion would 

• 
depend on the ratio Of the speed Of adva.nce to the rate of isos t a t ic 

ad j ustment. Variations i n this -ratio coul d l ead to vc:iriations in t he 

• 
angle between the axis of advanc e and the strike of the 'ring dikes' 

on either side of the axis,thus accounting for any variations 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 

• 
i n a narrow band (Figure 17). Corre lation of some of the more prominent 

a nomalies ,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 int rusions along the trace of 

• the fracture zone. In figure ~ , ___ __ 17, the trend of the Murray 

fracture zone , as identified b y !7e.c;_gler and Erickson ( 1968), and by Rea 

• ( lT(O)J to t he north of the Hawa i i e.::-i :-:..·idge, i s s!:lown. It ca:1 be seen 

that the trend derived from the !;:agnetic anomalies presented here fs 

• more southerly than that found t o tie north of the 2ridge. The proposed 

trend is more closly parallel to that already f ound on t he Mendocino 

• - fracture zone to the north 1 and hence is eas ier to rec onc ile with the 

geometry of sea floor spreading than the pr ojection of the trend north 

• of t he 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 f ortuitous. 

Examination of bathymetric c harts (figures 5 and 6) and seismic 

• reflection profile§~ ( Figures 19 and 22) in the area of the fracture 

zone yields mixed results. North of t he ridge the available seismic 

• data shows no evidence of a fract'.il'e zone structure 1 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 t he 

evidence. To the south the seismic reflection profiles (Figures 19 and 

• 23 ) show a c orre lation of structure with the traces of the fracture 
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z ones ident ified bytth~ displace:rrent of t he Hawaiian linea t i on anomalies 

(Figure 15 ). However t he -sa thym.e t ric chart (Figure 6 ) does not any 

s i gn of e longate ridges i n the area s wher e the fracture ~ zones are l ocat ed , 

t he bat hyn1etri c char t t:.e.s na.ny mor e t racks i n th i s area than t here are 

seismic reflecti on trac::s . Figure 18, superimposed magnet ic and bathymet ric 

profiles across the Murray extension,shows some correlat ion of bathymetry 

and the fracture zone ba~ndaries, however the great ver t ical exaggeration 

of t he bathymetr.1 on t his figure makes any firm conclusions suspect . 

The basement between the t wo southern frac t ure zones is deeper 

than that to the nor th and south ; and i t is n ow c overed with a greater 

thickness of sed i ment , s o tha t tne surface relief is not as great as 

the basement re l i ef i n t hi s s aQthern part of t he survey area~It is 

t his sediment filled t r ough or basin between the two fracture zones 

which can be see n on Figure 18, the surface depression is probably due 

t o differential compaction affecting the greater thickness of sediment 

i n the trough than on either side • 

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

the Hawaiian r i dge t he ~-1urray fracture zone magnetic anomaly trend is 

d iffuse, and i t is not c l ear where the exact boundary is,or which of t he 

short wavele ngth an or:-i.alies is ass ociated wi tht. 'J:i~e fracture zone , and which 

wi th t he ridge ge nerated s t resses. 



• 
The strike Of : ·.tae Hawaiian lineat i o::-.s ·oeccmes more nearly perpendicul 

• -ar to that of the frac ture z one, going west to east , t hus simplifing 

the necessary geometry of spreading ridge:; e..n6. fracture zones' Figure 15 ) . 

• 
the north of the Murray the sequence is o:=:set right-laterally a small 

Murray 

•• distance by another fracture zone .:South:: oi' '" the -:) ':.', o fracture zqne:: ft0J:>H!a~-

• ~~fte~~~eft~ is a separate pattern of large a::J.plitude anorn...alies, lying in a 

narrow band (Figures 16 and 17 ) . These a norn...c. lies are irregular ,and may be 

e the result of a band of intrusives associated with the formation of the 

Murray.Such a band might be expected to b= associated with a 'leaky' 

e fracture zone. 

South of the band of high a~plitude ~nomalies the anomaly pattern is 

e complex, with few obvious lineations .The amplitudes are to large to be 

associated with a period of sea floor for::ia.tion during a magnetic quiet 

e 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 

e some tec;tonic :.- structure rather than witn sea floor spreading . Several 

lineations have been identified in this nagnetic province, with trends 

• 
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• 
generally similar to t,":ia t of t he Hawaiian lineations. Ex:aminati on!:Of 

aeromagnetic profile s ea st of tie Midway region, in a generally ac cepted 

• 
magnetic quiet zone, confi rwB t ha t even the smaller ano::ialies s outh of the 

i,1ur-'ay are too l arge : -:;:: : orr22.;-; i o!1 i n such a g_uiet per i od. )ass;..;.ning no 

• 
difference in the co:r:iposition ar:.d magnetic characteristics of the .sea floor 

:'Figure 20 ) . 

• 
Further to the south the magnetic profiles over the Mid Pacific 

• mountains show the 18.Z'ge and c o:t!:plex anomalies expected in such a region, 

(F igure 15 ) . 

• Conclusions from magnetic eviden~e . 

West of the Hawaiian ridge t he Hawaiian lineations are terminated 

• by t he extension of t he Murra.y fra.~ture zone .Another major fracture zone 

offsets the lineation sequence right -laterally just to the north of the 

• Murray, the relationship between ':.hese two fracture zones is at present 

unknown. Some smaller frac t ure zones just west of Midway appear to be 

• continuous with proposed faults in the vicinity of Midway Island, the 

faults being inferred fron t he c onfiguration of the bathymetric contours 

• around t he island (Malanoff andWoollard,1971). The magnetic lineations 

south of the Murray fract;;_re zone do not appear to be part of the Hawaiian 

• lineat i on sequence,and ':.he larger aJnplitude anomalies may be of tectonic 
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Seismi c reflection studies :; in the Hawaiie.:-i ridge area . 

North of the ridge ther e is little relevant data, t he on l y avai l ab l e 

profiles inthe area are l oca t ed just ·s t of Midway I s landGFigur e 21). 

The pr ofi le s tt1emsel're s (Figur-e 22 ) shcr.v :irJ s i gn of t ec toui:: dis -::1_lrbanc es , 

or structures ; uty·J?ii;!al ':o::E' a frac ture zone configurat ion. 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 surpr ising.The~e has 

been ample time for basalt and sediment f rom the ridge to,.6bliterate 

any fracture zone traces close to the ridge. 

South of the ridge the availab le data is much more extensive,beco6ds 

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 the basis of magnetic evidence has 

already been discussed . 

Comparis on of the seismic records in the survey area no:tth 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 noftfi of 

the Murray :and ass·0c:iatec~Lfracture zones·;ie:: ~ hortfl. · af - the 0".5 .sec.J.s9pach 
(Figure 27) 

isopach of this isopach 
and the area to the south o±' this ~./ :je , To the north/ the acoustic basement 

is typically formed of low horsts and grabens , with only some 0 .2-0.3 secs . 
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• 
of sediment cover . In the vicinity of the Hawaiian ridge this cove r is 

• increased by the sedL~ent derived fr om the ridge, which forms a n archi-

pe lag ic apron (Figure 19 ) .To the south,the acoustic basement i s typically 

• snc,1t.her ,with_ u p to 0 .6 secs . of sedi ment cover . Figu_re 23 i l lus trat e s 

the difference in character of the base~ent,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 i rrmediately to the north _.This basin 

• has a normal sea floor, generated by sea floor spreading,but the basement 

is ::. Lower t han that closer to the ridge~ While the sediment cover to the norh 

• 
isopach appears 

of ~h§r· -0 : ?, §§s:lur: . ::? )~.o be predominant l y pelagic in origin,being evenly 

distributed in both the horsts a nd the grabens,that f ound in the basins 

• 
; . ~.~ "~i:.~ ,was 2apparant ly deposited by some bott om 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, 

e this may be due to diffe rential cornpaction ,being more :P:f<;>nounced in the 

thicker sedimentary sections . 

• This deep sedimentary section ,composed mainly of bottom transport ed 

sed i ment, appears to be genetically related to thick se d imentary sections 

e 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 L i~e I sla~ds ridges . 

Alr,hough there is only i nte::-:nittent :;-::ructur e.l evidence for the 

• 
frac ture zone s in the main surve:.- areas) .~ ust we s t of tl:.e Mid Pacific 

• 
similar to those$een off the coas t of Cal:'...fornia (Figure 2 5)at longitude 

168°E on section Y-Y', and at longitude l -;72c.40 'E on section N-0 ·' . These 

• 
scarps are probably not on the same fract·J_re zone, but on two different 

• fracture zones. In both cases, there appear to oe regional depth changes 

across the scarps. The scarp on section N-0 is shown in detail in Figure 

• 26, section 2 . Further north) on profile ~-Y', is a complex basement 

structure, which may be related to the m'.::st norr,herly 0f the MI<lway 

• fracture zones,this structure is shown in detail in section l,Figure 26 . 

The basement troughs in this structure appear to be filled with bottom 

• transported sediment~ the sediment is n9t draped over the basement 

elevations,as would be expected if it were of pelagic origin). 

• Consideration of the available data in the area of profiles Y-Y' 

and N-0 yields no obvious reason for the :J.ramatic change in the structural 

• configuration of the fracture< .zones, between the areas first examined, 

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

• One possibility is that the sea floor ad~e.cent to the Mid Pacific mountains 
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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 re+ated to the fracture zones previously defined 

cannot :c be ruled out . 

• 
The only presently available evidence of the age of the sediments 

themselves is that obtained fr om DSDP site 45 (Heezen et al,1971 ) ,which 

• 
J:.ies ~ ·close : :to the position of anomaly M- 3,dated at ll4mybp (Larson and 

PitlP.an, 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, apr ox imately 96myb p . 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 . 

• 

• 

• 
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Discussion 

• It has been proposed that the Emperor and Musicians seamounts ,and the 

Necker and Line Islands ridges ~mark 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 Lars on 

and ChaseGl972 ) 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 l-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 break in structural continuity at the old boundary can be 

• accounted f or .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 diminuti:m 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 
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• crustal structure in these old secticms of fracture zone is similar to 

that found '.)n the Me ndocin'.) off California, then the crust in the immediate 

• vicinity of the fracture zone s is much thicker than the normal oceanic 

crust (Dehlinger et a1,1967 ). This thick crust could have provided an 

• obstacle to the h'.)t spot , '.)r whatever' mechanism generated the magma 

whi.ch created the shield volcanoes of the Hawaiian ridge .H'.)wever the lack 

• of such a diminution of volume at the intersection with the Molokai 

fracture zone is difficult to explain . 

• The similarity in posit i on and strike of the faults postulated by 

Malahof:t' and Wollard ( 1971) and the small fracture zone just west of 

• Midway Island (Larson and Chase, 1972 ) is difficult to explain _, considering 

the difference in ages of the two features, unless there is some way 

• in which the old fracture zones can exert some c ontrol over the extrusion 

of basalt in their vicinity, thus leaving the appearance of a straight 

• topographic feature, which could be interprete d as a fault fr om the 

topographic data . 

• The lack of any major t opographic feature usually associa te d with 

fracture zones in the are a 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 zor;c "ere 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:i. f'rom 

places where the sea floor was bfcthe same cnustal thickness on both 

• sides of the fracture zone. 

From the magnetic evidence the most southerly of the fracture 

• zones in the survey area west of Midway Island (Figure 15) is the Murray 

fracture z one.This is the fracture zone which either terminates, or 

• displaces far to the west, any s outh eastward continuation o~ the 

Hawaiian 1ineation 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 

• Hawaiian 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 differe nt 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 unusual character of the magnetic anomalies 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 -oausedt the different orientations of the anomaly sequences 

commences just 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 

• the Phoenix lineations .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 . 

• 



• 
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 Calif ornia 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 equilibr~um depth after 

40my. 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 wit.h 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 frac ture zones west of Midway Island today . 

• 
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Figure 1 

List of Figures 

Generalised contour chart, regional structures indicated, 
and survey locations. Keyed to succeeding charts of 
detailed surveys. Bathymetric contours after Chase, 
et a 1. , 1970 . 

2 Bathymetric chart Of 1967 H.I.G. Survey area, after 
Ma lahoff and Woollard, 1971. 

3 Bathymetric chart of 1968 H.I.G. Survey area, after 
Malahoff and Woollard, 1971. 

4 Bathymetric chart Of 1969 H.I.G. Survey area, after 
Malahoff and Woollard, 1971. Includes Seamap data. 

5 Bathymetric chart, using Seamap data, after Lucas 1971 . 

6 Bathymetric chart of 1971 H.I.G. Survey area, using raw 
soundings from chart 1905N. P.O.L., and H.I.G. data. 

7 Selected bathymetric contours in the region of the 
Hawaiian ridge, contours from Chase, et al., 1970 . 

8 Seismic reflect ion profiles off the west coast. Profiles 
1-3 after Weeks and Lattimore(1971),4-12 after Von Heune 

(1969 ). Location shown in Figure 10. 

9 Seismic reflection profiles traversing Murray fracture 
zone, after Malahoff and Woollard, 1971. Lex!ation shown 
in Figure 11. 

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

11 Location of profiles shor..m in Figure 9. After Malahoff 
and Woollard ( 1971) . 

12 Topographic profiles across Murray fracture zone and 
Musicians Sea.~ounts. Locations shown in Figure 13 . 

13 Location of profiles shown in Figure 12. 

14 Location o~ ship and aircraft magnetic prOfiles in 
H .I.G. 1971 Survey area . 
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Figure 15 Selected magnetic profiles, showing Hawaiian lineations, 
M-1 - 24, after Larson and Chase (1972), and magnetic 
anomalies south Of Murray fracture zone extension. 

16 North-south magnetic profiles. 

17 North northwest - south southeast magnetic profiles • 

18 

19 

20 

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

Photographs 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, sho-.m on Figure 21. 

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

21 Location of tracks along which seismic reflection records 
were examined. 

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

23 Selected seismic reflection records, showing two different 
types of basemer.t 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 21 • 

24 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) 

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

26 

27 

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-0. 

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