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Twcnt'--Lln e nclI' hea t now measurcm ents in the i\lariana Trough deli neate a cen tral zone of high heat 
fl ol'; correspo nding to an axial topograph ic high and a flank zone of low heat flow _ The high he a t nolV is 
" n indi catio n th at the <I \ ial high is a narrow zone of mag mati c intrusion and tha t sea flo o r spreading is oc
cmring in th e Marian a Trou gh in a manner si milar to its occurrence on midocea n ridges . The low heat 
n,)\',' va lue, :lpp,'a r to he th e result of th e occu rren ce of hydrotherm al circulation in the oceanic crust of 
th ~ \! aria na .\la rgin a l Basin. 

! :-;TRUD LTTJON 

h lcpsion bd : :1,] isia nd <ircs in th e western Pacific has been 
prC, l(l5 d 0'- ,_ - - J,::bc' i o f yt' :H' [Deilz, 19 54; Carey. 1958; 
_\(:,Nu.-l:i a/fa i_':-: be cj : T J - ' r; ~r . 1965], bu t Kal'ig [1970, 19'11) 
Dr,'l ico:c the: r; : ' - --": : ~l! C: '~ gc'o\'Jg ic"l e ': i::knce for exte nsion in 
!1l 2 i'g inal [, -, :,, ) i __ ::_: ; [!'?70] ~ep()rted 'j) steep normal fa ult 
Z i~ " ~ ' bl)U iidi ~ ; :c __ ,~ ,,"-, __ ·s: 2) thick 5eG;!1lcnt covers 011 the 
lHiil: t fl :.!nks of ~ ...... ~ _:" ":5 · .;~[-:;~ h bY_~rl:.i t r.e b8 si ns and an alnlost 
,~ ,!i !l1cn\ - rre ,; ,_~ '='_ :~, -_ '-:G b~si i ' inl;;~- i')!5 : and 3) fault block 
!1l IJ:'-:·. ~ ) : .. I ..:~y \\: ~-; -; -:::' ~.! :~ : :':) \\~i:.:h ..:: :n~:.: tra ced ashore jn 

r!:- ~ :1:; a gr<,c,,: i -,\'; ~~ i-,'_ ' Kczr[g [19il ] fu rther reported (I) 
s il'·· i ! ~: r f"nor phv'· ~ ,.:: .: · r: ·: e :1l dis: : i::'L:ti'.1n , and stru cture of 
th ~ frunwl ,p' e ;-'; ,-c.:, bO ~: 'tj:c; t!J,' ,vlariana Trough 
:I <'U lt I); (= ) -c' - -:. --, ~':: c,c'_,h / ii:p ; 0",,,1,, 1'1-0111 th e central 
.1:', : 1 high O ~~ ~ '. . 2:-!d (.:; \'('f )- y"::: :'1:i g ~l ges of scti illle nt s 

'\ l' i~d I" I _-:c _': ' _". ')' ~"".:.,- :"1 ne theslI finci in gs led 

" -;~~: r;'~': :>_,--:;.~ : i:l' ;~-:J'i c": -_' -:-; :;i "' mil hi ·,t(lri es have 
" ' c" ,,'<,-,' ::rii P:.: ,:;!;: -:-C;o j ;,pa n S·,: ;! and the 

'-' "",, 1:_ fL-:: - '",,; "' d !,_, ,-,, L-' ~"=.'sr,,;~,h y an d high heat now 
~ .. , ~r;,J; \ ' ;, .. ,< ~L "co:; '-' ; ;'1 CC-C'_,:, fl.::).~'r or -' ,] Llllg agc r Vasll i alld 

i-, ":,ii . IY6n, T,'c __ ,: ' ; 1)L-in l];l ,: hi;', r'::J: now , lillie sediment, 
;1I1;! ll'·~dn;c-l:. ;--- '_ "" i:ii'i.: [us::i:s [Sdaii'f 1' 1 aI., 19720 ; 
f/ C/ .,-J.-.iIlS alii! :--'-,i '::! i (Hi, 1')7 i] _ 

\\, hik the c.\ tl:;,;;i u:;::i f)"t ure o f th e_,,, has ins secm s lilli e in 
dc.:l h!. the c" act :11()ck (;1' C\\cn,ion ren!n i;]s unscttled _ Karig 

[I IP IJ pror ,J5ed thill c,qen;;ion , acc0lllp:tnied by the illtrLl sion 
el i dik e: S\\-" I' ms, (lee l' r,; "lung the ce:ntral ax ia l high of th e 
\ (;' I'iana T rulig il . 1:..; repo rt ed c: \-ilicncc of faultin g on the 
Ib:ks of the axi :t! hig ); , howcver, th at he suggested rcpresellis 
(ic- ,TC: :l si ng Lit es .-If cxtc:nsi on a\\,<I)' from th e ce nt er or the 
b. ,i n lf o.\elJc ('( at. [I 97Uj propo ;>c ci a In ec ha_nisill of ' incipient 
ij'!ir ~hi\ll l: or a sll;\\' ratc of diapiri c ri ' l' of mag ma tilroughout 
!iJ, ' h;I 'i ins, to accoun t fo r th e -generai ly hi gh il ea t flow or til e 
iii I!'rin~ :! h~ lsin;; . 

S"/O(cr [1 <)'12 1 repo rlt' ci <I curre l:tti on het wec n sha llower than 
i! 1)1'!n ,;1 ,e,1 fl oo r d':pLhs and hi gh hea t no \\' in th e wcstern 
1'" _ilic h"s ins and pruposed an ex tens ional rnod ~ 1 ca lling for a 
i! h:h:lni s ill simi lar t() se a fl oor spreadin g to produ ce 
il:i' i1 ,>phe rc belu"v lll ar~ ill1Ji seas that is thinn er th all tli a t of 
1:,'I' !ilai occ:lni c pl ates _ 

-"·; · __ '_,urt:!il ClllS from tli e iVIari ,ll l<\ Trough hal'e produced 
," I,[el lhat cLlnfl ich ",ith ti ll':'\<: exte nsio n,,1 11l0dcb in th at 
ll; - hl" '_ /lUll' re: !lurtcd to dal e in th e b,isi n hilS bee n 101" _ 
li'1!( (il1u!> ( ' (' ( (I I. [l lrtO] pub li shed three low va lu cs il l tile trou gh 
<1',, 1 ;t':~ n ' l\'; lcd giJ1g Kurig's [1 9701 ev iden ce 1'01' recen t o ten-

( ":,, r i ~ ht (i:.J 1')75 by th.: ;\ !) Ill ;,'"n ,---,co r I,-,'s; ,-" I U nil)'l, 

sion, sugges ted that the hea t flow observations had been 
placc:c1 into 'an anomalolls, difficult situation.' SchlieI' et at. 

[1 972b] reported six new mcaS lII'ements in the 1v1 ariana 
Trough, all \\'ith low heat now values. Selal er [1972) in 
plcse nting lii s correlation between shoal topography and high 
heat now in the wcstCril Pacific di sm issed the low heat Dow of 
the i\'1 ar iana Trough as being 'unreliable' [Selat er , 1972, p, 
5710, Table I J and made no further referen ce to the thermal 
structure of the Mariana Trough _ 

In order to investigate thi s d i,crepancy, 21 new measure
ment s were made in th e Maria n:.! Trough during th e Scripps 
Inst itution of Oceanogmphy expedition Tasaday. Since ac
ti vely spread ing midocean ridge cres ts have proved to have 
complex thermal environments fl-cquently domin ated by mas
sive hydrothermal circulation (lr seawa ter into the oceanic 
crust [LiSIC!', 1972; Will ia l/ls el ( 1974). it was necessary to 
obtain a preci se descri pi; on or I :, iopograpily and sedim e nt 
dis tr ibutio n in the hea L 110 \\ su r 'icy <t n;a to evaluate the 
rel i:J bility of th e measureiJlt:tl ls _ [(adg P 'J7 I) reporied such a 
sur \'c)' within a 2° X 2° arc:a on th e axial hie h at th e cente r of 
the j\·l a rianil Trough. The stati on locations for the present 

!-'ig. 1 _ I'hy, iographic l11 a p or eastern Philippillc Sea _ S hip tra cks 
arc inuica tccl /'o r coverage or i\' I ~r i a n:1 Tro llg h di scussed in tlii , 1' :lpn_ 
High-d emi t), I ra cks ill "C!lter or [\'la rian a Trou gh atc eon:ragc ,,- ithill 
SUI'\ C) "rca or A __ lIrig [1 971J an d thi s report _ NUl1lbers arc locati ons 0 1-
Jp iLl e.' holes in a rt;a. 
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14 0· 

20· 

2.40 1.20 

_ 15° 

L_~. ___ J __ j __ .: _ _ _ _ 

/:.; ~: ~ 145 0 

F i;2 2. f"1 \ . ~. io~:;-<1:"'~Y of ~~ L: r i:l na Tro~lg h . Contours art! from 
k an'ci- ~ !q : ,} f1:: ~ i ;L .. "I :::.':U'it;:-!,:mt:nls are ill un its orpca l/cI1l2s rrum 
Waie :".:,,,- ,'c' ::/. [' '-'';); . S,{,;;,:,' ~, ! ai. [1 972hJ, an d this r~po ll. SCJu are 
~i.:·t";1 .... ,:, <: ~ ;·\~ :.; r ;,:s 3 and 4. 

stuely were se k cted on the basis o f the topogl'[lphy and sedi-

Il1cnt loca ti ons wcre selected td sample the therma l st ructurc ~ 

of each o f tbc v,lJ"iecl loca l environments found in thc a rea . 
Tha t is. [IS many stat ions were attempted on peaks a nd on the 
sides of hil ls as wcre altempted i;l ' se cli nieril ponds'. . 

T ECTO:\I C SETT I:\G 

The north-so uth trend ing topograph ic depress ion between 
thc i\ lar iana island arc and the South Honshu Ridge (th ird 
arc) has many nam es, bu t the nam e preferred here. as was 
prercr rcd by Karig [1 97 1]. is the lvl ariana Trough [h;abuchi, 
1963J (Figure I). T he Phi lipp ine Sea contains three marg ina l 
basins dccreasing in age from west to cast (West Phi lippine 
Bas in . Pareee Vela I3:l sin . and Mar ia na Trough). Correspond
ingly. the \Vest Phili ppin e I3asin i ~ deeper and has lower 
mean hea l fl ow than the Parece Vela Basin [Selmer, 1972). 
Karig [1 97 I J p roposed th at tbese basins were forin ed by exten
siona l ep isodes tbat accompanied the eastward migrat ion of 
the Mariana Trench re lat ive to the Asian continent. Alter
native ly. Ben-A uahali"/ ('I af. (1972) and Uyeda and Bell

A vm/wlII [1 972J proposed that the westernmos t port ion of the 
Phili pp ine Sea was form ed by entrapment of old sea flo or dur
in g ,1 pl ate bou ndary reorganization, 

Desp ite the above cont roversy abou l tbe mode of origin of 
the western bas ins of the Ph ilipp ine Sea a consensus appears 
to ex ist that the Mariana Truugh is yo ung sea no or presentl y 
bL: ing generak d l.andward of tho i\1 aria1la T rench. Is crusta l 
extensio n occur ring as typ ical sea Ooor spread ing from a Ill id-

TA BL[ I . Heat Fl ow ,\ 'k :I'ure rncn ts on T<l sa day Lc1' S 

._----_._---

.5 (H F3) 
6 (j-j '--4) 

S (H F') 
9 (i-f Fil) 

II (lIF?) 
12 ( H 1'8) 
14 (H PJ) 
15 (1I FIO) 
17(HFIIJ 
18 ( IIIT~) 

20(HFI3) 

2 1 U I F I4) 

22 ( II 17 15) 
23 (HF IG) 
2'1 (111-" 17) 
25 (J-1F IS) 

26 ( HF I,)) 

21\ ( 11 1'20) 
30 (H F2 1) 

31 ( HF22) 

15·; .~ ~. f):-'· . ;~:~ "-+ 9. 7'E 
16 :07 . .2'-··-~ , 14-F 23.YE 

170 18.5'?\, i45::0J ,6J E 
17°09 ... 1' ~, 1 ~ -P5:'i.~ 'E 

17" I i.O'N, !·j4°35.9'E 
J7°HL4'N . 144:'4 J.7'[ 
17°27 .3"" . 145 ' 01,7,[ 
17°3U''''. 145°0<).9'[ 
17 °49 . 1 'N. 145°05,6'E 
17" .16 .7'N , I'1-1 c46.2'E 
17°4 7.0'N . i 4.1 °40. 'I'[ 

13°04.'J'N. 144'00.8'[ 

18' 1'J .7'N, i4-l °20.9' E 
l ~ o 3 8 . 1 5'N, I'W '19 .J ' [ 
1 ~039 , n ' N , I'W36.2'E 
18°34.S'N, I·WO·1.5'E 

~ l b028 .' N, ~ 143°42.'[ 

18 "02KN, 143° 52 .XT 
Is oO·U'N. 145 °00.0,[ 

1 8 ° 0~.(" N , 149 °0n n , 

D ~pth. OJ 

3932 
45 36 

33 50 
3547 

3950 
34 ' ~0 
3('00 
4 11 9 
3838 
3~OO 

3404 
4 133 
4420 

36 19 

425(, 
' 1 2~ .1 

4534 
4272 

42 15 

4 123 
J ~38 

56 19 

j T/ _\7. 
10 .) vC/ t'll1 

(bounced) 
0. 20 

0.00 
1. 14 
1. 55 
2 .8 1 
0.56 
2.47 
(1.2,1 
s.n 
0.20 

OAO 

0.% 
1.'17 
0 .34 
0.4 2 

lUi) 

0. 1 G 
O. IG 

060 

Therma l 
Cond ucti vily K: 

f11t: .ll / oC em s 

1.60,\ 
I .(,OA 

1.60;\ 
1. (,0;\ 
I .GO;\ 
I JllJi\ 
l .flO;\ 
1.60,\ 
I .WA 
I .GOA 
I. SOB 

1.50B 

I .GO;\ 
1.6OA 
I. SOB 
1.:lOll 

J.50[l 

I .GO;\ 
1,60.'\ 

2.00C 

Q," 
~jCa l /c n l 1 s 

0.75 
0.90 

0. 32 

0.00 
1.1i2 
2 . ·1 ~ 

·1. :'0 
0.90 
3.<)5 
0.3 8 
~ . -l5 

0 ,30 

0, 60 

l. ~ -~ 

2.35 
0. 5 1 
OJ>3 

0 .2(. 
0. 2{. 

1.20 

Loca l [1lI'iro nment:!: 

Rough . sedi ment ponded. ill \·all ey 
Rough, sed im en t ponded, ill d eep 
trough 
Smoo th, \\,: 11 sed il11t' nled 
ROUllh; gr:I\'i ty core \\("I lt in onl~ 5 CIll. 

50·m lTlud show on 3.5-k H z 
echo soundn 
Sediment p c1 nckt.! 
Roug h, ill /l e ak 
Rough, in SlJr\'C) area (Figu le 3) 

St.:c F igure 3 
See r igure J 
Sec Figur~ ,) 
On pea k . in suney are,1 (Figure.1) 
In pond (l-"illun; J) 

Ro ug h; bottom \) r b 'ls in; piston core 
station located here a lso 
ROU ll h: ilJlo side of peak: sediment 
pond onl~ 
In scdimcn t-iill8d iJasi n 
I ~\ll i g h. in s.:clim ent - lilkcliJ:l,in 
Ro ug h, in sC'di mcnt- lilkd basin 
\\' cs tiJa sin, \\ell ,~ di lll cntcd. b UI 

h:ISC Il]ent ro ugh 
Wes t basin. well scdill1c nlcd. hul 
ba , cmcnt roug h 
Roug h, ()Il peak 
Rou [! h, I II 1371-111 seclimen t 
v ; " Ic~' 
SI11<)OI " , n at. \\ell 5<'dilllcnt ed 

A ll l oc~lio n s were sate ll ite-naviga ted. Depths arc in cOfl"l.:cted mete rs. A ll s tati\ln , ~xcc pt 11 1-"1 7 h"d full pcne lr,tli o ll llf 2.'-1 11 probe. 
*;\. 17° 32.8'N. 144 °22.9' E; 13 , 17"47 .2'N , 1 4.1 ° ·~0 ' E: and C. ass lI lll ,: d frolll "n;ragcs of nc:\r b~ stali clils . 
n Ileal /c ill" s ~ ·11 .85 IllW/ m'l 

:!:Descriptiolls wer" Illack fro m an dlyscs or ~ei s ill i c relkct ion and 3.,)-k ll z ee hll so ulld~r r~ "'urd, nC,lr c'ach ,t:l t io ll. L\Cepl fo r deta iled 
survcy ar~a A (st:ltio ns 6- 1 ~ ) , ckscripli o ns rep resen t o nl), a t wo- dilll ~n ., i on~ 1 I' icw of each st<l tio n . Thi s I'iew, tho ug h perpendic ul ar to strike 
or the genera l topogra phi c trenG of t h~ Ivian:!IIII Trll ugh . sullers frum no t being tl1l"<;e d illlclhiollai. 
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,w'; i1 n ridge- type crestal intru sion zonc, or is marc dilTu se cx
IC li sion occurring th il t involves intrusion throughou t the 

no compelling evidcnce for a central intrusion zone In the 
Mariana Trough . 

,roug h') Alternati vely, the [\!:trian:l Trough may be lIndcrgo-
HE.-\T FLOW MEASLIU : ~IENTS !ng II lece llt 10uvclldtioll ofspl~~~5~O~-~I(~)~ltO~O~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~I!' - wide ax ial high. Twenty-onc nell' heat !low measurements (Tab le 1) were 
TOjlot,:raphieally, the Mar ian a Trough is a sl' ries of very made in the Mariana Trough to determine if the low heat !l ow 

r\u ~ h pC<lks and troughs shoaling by nea rly 1 km to a discon- meas ured at nil1l: previous locales was rcpn;sentative of the 
:i: '.I O US cent ra l axial high. The sedim en t cover is patchy and general thermal structure of the basin. N ine of th ese new 
rU';ded nca r th e axial hi:; h, in creas in g to a uniformly thic k" meaSlII'enll.:nts were betwee n 17°- 18°N and 144°- 145 °20' E, all 
b:.· lk(:\ of volcano clast ic sediments at th e edges of the lrough arca th ~ :l had been SHi'vcycd previously by /(arig [1971] . 
[1 1'15 ' 197 1]. The sediment di stribution may bc a funct ion of South of thc su rvey area, two lo w heat flow nwasureme nts 
di', :n nce from the r~rici!y eroding frontal anc1third arcs rath er " 'cre recorded (Figure 2). Both stations were occupied in 
111 ,\11 a fun ct ion of at";. T he ['.'Iarian :! Trough has no magneti c sediment-filled va ll eys . VO/l HcrZ!'1I alld Uyeda [1963] showed 
~! r" ma l y lin ea ti ons t:-,d t are con tinuous for more th an a few th at th e efTects of excessive sedimentation rates or sediment 
kilumet ers . No sea flo or spreading mag neti c anomalies have slumping can give a lo w bias to hea t !low meas uremen ts. 
b C~ !l identified 10 d l le . i f a process sim ilar to sea floor Reasonable sta tis ti ca l considerations of the odds of samplin g 
5 ~' i ,,: ding is occ 'J ;rlng in the i\'lariana Trou gh, the sugges t that thi s e!l'ect shou ld not lo wer the heat !lux in a pond 
ct!'uacterist ic n -,·;~:-'~t : .: a no n",iy sig na ture is di srupted by the by marc than 15-30% (unless a sed iment slump> 10 m thi ck 
c)'ircf11c!y rO ll;! ' ·.u : ;"·2. pli;, ar,d by ('-,e ma ny transverse frac- occurred in that spot within the lasllO years [VOIl Herzell alld 
lure zo n ~s . A c:, ,~: i t , l.' ::,:'1.;:::-,;: [ t(: nL!ciy or su rvey area A of Uyeda, 19631). Refractio n ofhcat !low from low-conductivity 
Fis urc 2 SI1(';'.·,- ,· _ , ; '2 ;':0!:,~ (;rd :1!, l n'i~ u re of the magnetic scdi mc; nt valleys to hi rih-conducti"ity peaks can produce a 
3i1 omal ics (Fi gl' ~ e _', [i': ariz, l :;J7 j]. Th :.: r!: fore , to date, there is bia sing of lo w measu rements . Th e above effec ts probably were 

Fig. J. 

114°E /15 0 /46 4 

:; •• ,-!:..(..;.:;-... ~~_ ~ .c~~ ... .:.¥"~~,I;7t;.p--:.r:~.&;ii'"lt!-~~~~.~ "--""-",,,,,.~~*",---- " ~ 
,¥. 
~ 

',{ 

""""dilJFlT/,i~ w:;? ! 
'-~' <f/.Iff 'I 1 

f' . 

TAS,\DI\Y 81 

. ;:.ltI.;:,...t::.~ i\"t. .. ~. - ·~r~:W:~';~~·-N_~~.~:' ~!9 ~.~.~ .... ~~ ' 
1-14° 

o,:,· ·=:2rf.~~~.!S-~ .~j,-- t .. ..!;·*~ 
/46 0 

Magnel ic ano mali es ill lin d arOllnd survl'Y Mea ,\ in \!ariana Tl"Ough. Scale is ~OO /' (nT) i iil. (2.5 CIll ) (rlOllCd 
ahout Ih t: ze ro ba,c li n,). 
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"; 0 , not dominant ('allses of tht; 101\' heat Aol\' values hf:C<!Llst: the 

' . . <ll so (e.g" slati on 6 in Table]), Hydrothermal circulati on has 
--:--'--:--::'- - ------16('en JOlin to e o sufllcient magn itudc to ca lise geograph ic 

variations of up to I order of magni tude [Lisler, 1972: Wi/
/iallls el at"~ 1974]. Low heat flolV zones fo uno at th e crests or 
midocean ridges arc most probably caused by hydro,eh rmal 
circulat ion ofscawil ter into th e occa ni c cru st. LisleI' [1 972J and 
Williall/s 1'1 al. [19 74] found th al sedi ment cover was an im
portant fact o r to be con sici crc.:c\ in attcmpting to make rq)resen
ta tive he:ll flow meas urements in a hydrotherm al area, Th e) 
rcpo rt cd I ~rge scatter when sed iment cover was only spotty, 
low me:lbun:nents Il carly a lways being found in sedi me nt 
tr oughs , Wh<.:n the sedi men t cowr uniformly draped th e base-
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ment <!way fr om the. sp reading centcr , va riability of adjacen t 
mcaSt!ft:mc:nls !! reatly decn;ased, Lister [1972] suggc:s ted th at 
this dCCrea5(; in va riabili ty was caUSed by tile impermeab ilit y of 
the sGdi m':i'l co\'(:r drJ ring the basemen t, Th en free i n
terch,-:r;gc: of circu! ':lting hyc!rot !ial11al fluid s and bottom water 
was sto pped , :liid th.: (,ilndi: ,~~ i Ve heat flu x measured ill the 
oce2.n ;';oo r b:;:e;n~l e equ al to th e tota l heat no w fro m below, 

,Ali t; \.., heal ih)w m(; ',b tlrc men ts in thc Mari ana Trough 
out ~;:<.k , l-t C :, Ui'V\'Y a rc ;l wcre iow values with the exce pti on of a 
meaSLr ': n:" ,,~ of ::,:,5 ;-: ;-' i..; ' ,tica l/ em' s) in a sedi ment ponel 
on tr::, ," : I.:... l ':l!~ fl r:o n: \ 0: :,' <: survey arca (Figure: 2), Lo cn l en -
viron mc';; :l 0:' ~:! ! ,;u:"i lr: " 'lre givcn in Table I, Variability of 
iocaih_",-.,; ;"h,: ;".,.: l 'l' (; :'" ,:; 1 Cel l hig ll s is suOlcielltly Iargc thal 
011 (: Cd, <: -:, r,::i~J e ,t: .l' t! :;; i'I': .,' ;10W is low on both flallh of the 
nxi\..d h ;-~gd f C: '::-:S of \:\" ~ ":"::~ ~le i station s \vere taken in scd i-
me;;; ~'_"_ ' , ii ,,', ' ~'_ " : ~:: ' ,I - :: j;-t nkets , or topograp hi c highs 
or l o'-.\ ' .~ . .r -le ;:: <:: ,.~ j:J,~ . . , ~": ~ ~ '~'.: -' -= i~: \VHS la ke n on a topographic 
pe ; : ~: l:2i;::"-,,,,: '-<ill' ;;:-,.:!h ', . .:r: ; h" hea t flo w valu\! fo r ihis sta-
ti on W,1S (I ,i h :..; i-U, 

____ L _ _ 

At least th ree hyro th;.;scs ex ist for th cse low h c~ t Am', 
P) "" "r ' IB " l ' S ' (I) ' ftc ~t - i ~ I itS b 2 GIt i .. .t .... ti c FO i d . e 15 I Oil~ 

tim t: ( I) Jll a~si\'e h\'drl)lhermal circu la tion is occurrin!! in t 
i\la riana Tro ugh today: a nd (3) asthcnospileric co nl'cc ti on is 
prouucing a h e~ll sink at ci(:pt h in some manner. The me:an heat 
nOlI for th ese 10 na n k I'a lucs is OAS == 0,23 (s, d,) Hr U, T he 
llIean ror th e oldest sea noo .. in the \I'orl d 's occan basins is 
~ 1,1 tl F U [Scialfr alld Frallclze leml, 1970], Thus thc fact that 
the trough has much 1011·er hea t floll' than th e oldes t 5ea flo or 
argue" aga in ,t th e inactivity hypothesis , Th e elcl'atcel 
LOpog ra phy is an argu:lll:nl aga inst the third al tcrnati le of 
aSlhcnosphcri c anoma li es, Al so , thi s Lute r procc'ss Illust het \',' 
been occurring for man y milli o ns of years to he afl'ect ing th e 
surf'acc hea t nOI\ LOd ay, A lth o ug h there is no doubt that th e 
dO IV ngo ing slah aITe:('l s the asthenosphere be:ncat h thc M ariana 
Tro ugh. the zone of hig h se ismic attenuation (10 \1 Q) ob
se rved below marginal bas ins a rgues for high ra ther th an low 
hea t fl ow [Olicer Cl (1 /" 1973], 

V\,'c cannot dism iss hydrotherm al circulat ion so easi ly , 
however. Williall/s e l al. [1 97-1] rc:portcd a cres tal heat n ClIv sur
vey of the Galapagos Spreading Cenkr. They found a di s
tinctly bimo d ~ tI he a t flo\\' di stri hution va ryin g \I 'ith a 
wavelengt h of (, kill a \I'ay from t he spread ing cen ter, 1\,1 easure
ment s Il'cre generally very low or vcry high, On th e nank of 
thi s samc ridge, Sclarl.'r el al. [1 974] n:poncd ;! lo w heat now 
wne th al th ey cOlic luded was reia ted to an irreg ular sed iment 
(;over and hydrotherma l cil'calatiQIl in the occ-ani c crust. I i!, 
cru sl with all expec ted hea t flu;.; of >4,0 HF L (for its age) no 
y"lue >2 ,0 H FU \':as measured, 

II' I\e art: in fac t ub s\! j'\' ing th e same sor t of Aank 10\1 in the 
;\i ari ana Trough, what is the c res tct! di st ributioll of hea t fl ow 
li ke? In order to a nswer thi s q llest io n a total of 13 hea t now 
meas ure ments I'. ere: made within th e /\or ig [1971] cresla] sur-

h g, 4, Il ea l Il vw Il1caS l1r~ J ill'ilt, (bl:t ~ k dLlt~) within the topnl'raphic slI n '"}, :\rca ,-\ of A'wig [1 '171 / and Fit'lI f C ~, (',l!l

tOll rs are in cor rected meters, Contou r inter val i, 200 n,:, <:!JaJ\'d :Ire:\, :Jrc IOpot!J'. !p li iL' ['ok, ,.!lO"kr th,111 J2 liU Ill: h .. ll.' hcd 
<!rcas arc cleerer th :l n J~OO 111; ll, e entire SlInT) is !ocalec! un lh l' axial Il igi l, 

': .. ' 



fio/a live Tcmp tJro l ll r a low. ;\ singlc measuremcnt in li ne with th ..: rr<lcture zO ll e out 
o .2 4 · C .6 .8 1 all the ap l<lll pT'O'tl tittd J v.title=tif 3.95 II FU. 

~~~~~~~O~"~~~~I~, ~~~'~~~~-I~~~~-~~~~~~~~~I~~1~n]:llhY is confllned tothlc axi al hirgl
l
]. For 

. . \ CXLllIlp e, measuremcnts In t e troug 1 Just to t Ie east 0 t Ie ax
ial high have \'a lles of 0.62.0.90, and 0.00 H FU (Figure 4 ). 

~~ The 0,00 va lue \\'as fro In a station \\'ith fu ll penetration. 
C5 2 Si mi lar values have been reponeJ on ly in active hydrot herma l 

an;as associakd \\'ith dow nwelling of co ld seawater into the 

. : .... 

3 
TA 511 OA Y 8 - H 19 

" Th ~rl1la! )!r:tdicnt I11 c:lsuro:d at :it <1 tion H F I9 in scdil1J e nt~d 
.. t<. j U5t to northwest of su r\'e.l arca. SOl,to Jll water teJlJperature is 
:'( ,ulder tlnll mud. so th :!: \' ~ik h~a t f. O l\ \'a lue is low, sedimcilt 

:';:~;':"i' :!l u rt:s il ( C high , The per:e[: -iiil. )i1 de pth or the first gradient was 
~:: ~' ... mi ned by the pt.':;il ion or t~::; ~ :11.;'~111 :{; :1..1-n ciu ctivily slider alld by 
~ . '1~1 11d mark ' on lht! prob ::: , 

,r: arc'a : I by WC:laila ,' , ~ ," :-, [[9 -:- J), 3 by 5 c!a ler el al. 
[19-2bJ, anti l) by the i'r ,> ':;': 5'·_:1~ \ . 

., The a" ial high ill thi s ; ' ~:;c n of ;he \1 ::rialu Trough is 
i!ur~ cd by <I double rc':.~: c,' j " \": ;y .~ :~;; (' ( ';1< r a! trough 
: F ! ~ ,' r c -1). Thi s ([ ,i a l hig;- 'i, :'C:, .::1 E-W qr ikin t: fract ure zo ll e 
.it ! -'::7 'N . Hea t flo\\ ntt\,:_·_ ~t':)" :' r!l ' 0 11 pocai.:·, "I' d troughs 
.'ut,i c.k this c.clltral aX lE: ,-.:::'-1 ;.:rnc 1,.:::0 Oil~Y ~;~ \V va lu es 
d\:-! rc 2). Measu rement' ; ~, ,,' e' ct'iicr.d lroC!;,? "" however, 
~rhiu c(: d values of eLSO ,i~:i "'.~; H ~;_: . u; ~ lan e'r ') ;:;;lg at the 
; f i: _'~lir~ zu nt,; intcrsectic·r .. ,-\ r:C:·.:. L:::-·:~;;1ent. Oil ~i:..; \\'estern 
~ ;? ::, of the ax i;d high n1 !.: ..::,-~ .~.~j _:. -~~~ ~ FU , :-~ot 0f1:) docs th e 
:t" :~:-t!l ;- rugc-lfough C\..) l":: - ~ \ _~';t: :-,;~ l-:,,:":l j':. : '\", t-Jt 5 0 docs 
:r, ~ :rdcture Z ~i nc . To tr t '.' : __ i':- ~;~ .: :-~~(;r ·-:,·.::i ( \ r-~ ~~!:: fracture 
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.~ . 6. ('U1l1piiation 01' heat Ilow \aS ll~ distance from th c ;l xia l 
h; 01 lhc 1,1 ;lI'ia n,l T rough plut tcd ahove topllgrapliy a nd scd il ll('i1t 
th . l " " 11' (1 111 " ('(' rnpo,itc ot'T"":l(I;I),. lei!~ . proGIt: 13- 11' " I' l: it: lIlT 2. 
R, .. ' <',cll lal ivc ,,, isJlli c rclicc ti oJl prollk ~ c ros, tlii, "I'ca is sl1 o>l'n h) 
11 .:-;, /1'17 1, i:ig urc 'I }. 

oceanic crust [cf. VOI/ f! cr;:1'1/ (I /ld L'reda . 1963; Williallls ci aI., 
197·1]. further indications of hydro thermal activit y might be 
see ll in thermal gradie nts o r nearby hea t now stations. Sc/alel' 
1'1 al. [1 972bJ reported low heat flow in sca n 4, statio n HF7, 
where hi gh sed iment temperat ures relati ve to the temperature 
of the bottol11 wate r accompanied th e low thermal g rad ient 
measuremcnt. Tasaday 8 stati on H Fl9 found similar resu lts 
(figure 5). In order to produce this observed gradi ent as a n ar
tifi cial rem nant of the experilllent, sllperpenctrat ion of the 
probe by ~ I m woul ,! he required. No indica tion of this 
superpcnctra tion was reco rded on the case or probe (mud 
would have lodged in th t.: top o f the instrumelll). Simila r ther
mal grad ients were fo und in the Galapagos Spread ing Cen ter 
hydroth erma l area [Williams el aI., 19 74 J. Further, hydrother
mally a ltered diabases were recovered from the northern scarp 
of the fractur e zone at ~ 1 45°E by both Karig [1 97 1) a nd the 
Tasaday expedition. 

The ther l11 a l .q rLl cturt.: of th e :-f aria na Trough is illustra ted 
in Figure (,. ~·le aS UrCll1ellt s of high heaL Oow have been 
record ed 0 11 t he ax ial high; low hea t flow has been measu red 
on the na nks. T he on ly except ion so far is the high value fo und 
III the eX l " !1 s i ,~n of' th e 17°37' N fra cture zo ne. 

CREST .. \ l. SPHEA J)!:-\G 1:-\ TIl E MARI A:--;A TROUGH 

We can ~uggt:st on 11' t: basis o f hi gh heat now, recent 
vo lca ni slll, a nd lack of :;"" il11 ents that the axial h igh is a nar
row zone or mag mati c il!t J'll sio n and th a t sea noor spread ing 
ac ti vity iii th e Mariana Trough is cent ered on thi s ax ial high. 
Thus it app t:a rs that the sea 0 00 1' spreading process in 
marginal basin :; mig ht be very simil ar to that on midocean 
ri Jgcs (alth ough on a smallcr sca le). The the rJ1l a l structu re of 
the rClllai mkr or the basin may be clomin ated by hyd ro thermal 
ac tivity. As s u ~ h, th e Ma rian a Trough is a pri me loca le to 
search for depos it s of Ill e t;dlil'crou s sediments, s in ce similar 
heat /l ow prov in ccs ill oth (; I' areas have bee n fOllnd 10 ha\'e 
anoln alnll SI) hi 1l h mcta l cOl1cc: ntratio ns. Examples a re the East 
Pacific Ri se Crest [Corliss, 197 1J and the Ra uet' Deep 
[A lldersoll (flld 11all/l1cII, 197-1 J. 

A ('kll{),,·"·tlg l/I~II I ,I' , The ~Iuth o r lhanks th e llillc'crs an d crcw of th e 
I{/V '1/1101/(/1' 1I-'!/.I!Jillg l oll fur profess iOlJ<li ;l';sistance during the 
Scri pps Ilbti tuliun o r Occanllf,rap li y ex pedili o n Tas:tcby, leg 8, I'rom 
Ikccmucr 1,)'13 to Jallllary 197·1 . /) . Kar ig and J . Sclate r providcd as
sist; lIl ec alld ;ltI': icc d ur in g lhe formulation or this project. S. Uyeda 
a nd /\. H. ' ' ·;!It, rcview"d th e manuscr ipt. Th is wo rk wa" supported uy 
NSI: gr<J1lts (j;\-3 ~072 (Scripps) " nd G !\ 2728 1 (Lall1ont). Contr iuu 
li on 2250 of LaJllunt - l)oh~rty Geolugical Obs~ r va lory a nd Sc ripps 
Inslituti on 1)1' OC'c;II1'-'g rapliy, ncl\' sc'rics. 
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