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A BRWM ~ ~ 1 9 0 X  

n\m discovery i n  the mid 1960'a of thm bat  br in.  goalm aud metallie 

proroerm n d i a m t a  la thm basins of the Red Sea (Dam and b s m .  1%9) 
* 

ru .a e x c i t f w  and c a t d y t i e  ocemographic .ad marina polog!c avant. 

a such phenomenon lud not been cncouatared previoumly or  cvrn &en pm- 

dLtd f m a  t h e o r e t l u l  models oL the Earth. Ia 1970, a gmup of scient is t .  

chiafly tmr the Un11.rsity of California, notlug ths  po log ic  and goo- 

p b y m i d  mhi la r i ry  of the &lf of California t o  the kd lea. aupeestmd 

t o  tb. I a t s m r t i W  b e a d s  for Ocean Enplorrtioa (1lX)I) thmwh the 

S a t i m d  Science Foundation tha t  analogs of the Red Sea brine p w l a  

d g h t  ba found i n  the Gulf of California. These Scientlmts, 1md by 

Pmfmssor R. Y. ?%nard of tha Scrippa Inst i tut ion of Oceanogrnphy pla)oud 

a mlt i -discipl i r .ary expedlt iw t o  the Gulf of California lutlw No 

years. involving 12 major investigators. and costing $733,301. The 11011, 

baraver, f e l t  that  before such mum were comlt ted that  .a exploratory 

cruisa should be made t o  prow the mxistance of the bat  brine pools and 

po tea tb l ly  econmlc scdimonts in  thm basinm of tha Gulf. Accordltqtly. 

the pm:oaal was t r k d  t o  )lSO,OM) ord thrmm major i n r m a t i ~ s t o n  t o  

oparate a 40 day c r u i u  on the U P  h l v i l l m  in the mpring of 1b72. 

Professor %nard adopted tba naw: AYPOCPm ("a mlneral deposit o r  

s a r i c k a n t  fomed by uccnd in t  molutions; a lso said of those s o l u t i o ~ ~  

a d  of tbat en*imll~.nt*: A.G.I. Glossary. 1973, p. 346) fo r  the 

alpaCition i n  anticipation of thm diseovary of Pad Sea-typa deposits. 

Ike cruise p l ln  v u  t o  (1) survey the basins i n  the W f  from 

south to  north to  locate tho deepest portions of each basin as  p0tmti.l 

briaa a1t.s; (2) to proba chasm basins i n  rmnrsa order from aorth t o  mouth , 
1 

to  colrfirn or  deny the eximtanca of hot brines andlor metalliferoua 

medinmts i n  these deepm; and (2) t o  return back into the Gulf fo r  seianic 

m d  additional wrL on bamlw which proved of l a te res t  on the tvo ptcvioum 

t rans i t s  of the Gulf. Thus the mcientific (yoals and responsibilties were 

d i ~ i d e d  into three catagoria* cormsponding t o  the maJor operations of each 

1.1: tha t  is .  Leg I - Sm Diego to  San Felipa - H. W. Ys'raard: b d h y n e t y  

.nd carins  geology; Left I1 - Sen Pelipe to La Psz - P. Wilder b r i m  search 

and water col- and medimant sampling; and Leg I11 - h Psa to  Son D i m p  - 
J. BnmclJ. A d i n s :  Seismic geophysical and marine geologlc marpling. 

This rmport gives the oparations 10s of Leg I1 and the ocemographic 

and gwchmicel  data sanerated during the operu iow i n  mearch of the b r i ~  

p ~ b ,  v i th  mel l l a ry  data much as  heat f l w  and electrical resistivity of 

sodlaants. Informtion on avai labi l i ty  of data &rived from other operatioon 

u y  be obtdued from tha pr ineipnb mentioned o h  o r  by coatactlne the 

Gmolbgic Bats Canter. Scrippa Inst i tut ion of Ocemo$rophy. No s c t q t  is 

u d e  hrm t o  interrelaem o r  d m  a complste synthesim of the various 
I ,  

data, It vam onouah of & chon  t o  prosant tho data llmtcd ha& 1n o 

readabim form. Aiso a- of the sediment aklymms of sampled given to  

outmidm bvmatigatora (these not funded by tha Hypoganc grant) have 

wt bean racmived am yet. Ihum i t  i s  p n u b u r e  to  draw any d*fcnCable 
\ 

m c l u r i o n r  a t  t h i s  t ir .  Yare couplets discussions of various aspects of 

&a dats  from liypogenr, however. la now appeariq i n  appropriate jou-1s. 

Xn the Aftmaword, following the preneatstion of the data "wrk in progress' 

comment. vill be attempted. - 
YI wlob t o  t h d  th. o f f l c a ~  W .ar of tb. lipnl IL3d=Uo. prr t ieular ly 

bpl Torris a114 &sot Ibsimr WHO Ti&. SOZ *ir uaiaaling 

.~*mt of tba shipbeard mch=eiflc .t#.ri.PI. oa c% kd~. s. W. 

M 8 b  bad tho IhP*l.u tamk,ot e d k l  @he Nltb*s &&a mf thm pmpossl 

t h e  tbr  srrpendLal u r m  of b-nuha. 0.Ozg. 8 h m a n ,  v i th  

hi0 boudLIas eww d .au of h u r  -D.d Ptk miss b a f o n  

d 4 u r i q  o).ratiow. George bbduw L.)o tk s.pY- program 

fcmctiooly dtho* f a d  v i tb  a c o q k r v r r b n  of a w J r t  md faculty 

damiflad mqdptmnt vorthy of Rub* O..ldbars. Thh projrht vsm f m d d  

IP1.r 8-t from thm htiW1 Science Wduiwr IMP 6x 31704. 
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3; Y~IKL~I SatPrday - ~ f t  b n  ~ a ~ i p a  a t t a r  axehnling part of. m c i ~ ~ t i f i o  

party,ntv 8cientif ie  party a# follorn: 

Fat L'il'Ce - 1.H.I. U.C. hrkoley,  Chiat Scientlat 

G.orea Sinarum - S.X.O. Aerial Ships iachnieion 

George Xohnhmas - S.I.O. Principal Techica l  - 6 r b 8  F8ac.il 

l l chaa l  huszan  - S.I.O. Technlekn 

Lm Clloingba - 8.1.0. h i n c i p s l  Teekaie.1 - Ilydr#ut . . - 
8ark Urldort - S.X.O. t.cbniei.lr - Byd-at 

Jtm Pnd~ara* - 8.1.0. t ad~&i .n  - R u t  llav ; 
trureccs t o w e r  - S.I.O. teebn&lur - HUt 

h r c k  %now - U.S.C. TecbaLciu - h a t  tloP 

Arthur lleaiy - S.I.O. T e c h n b h  - brputmr 

J b  Ott - S.I.0. Tochnlekn - Collplter 

h d r o  Da Mba - U.C. h r k e h y  ScSeatLt 

Yuah CaJnur - 8.1.0. k l e n t L . t  - S e W  

A. bwa - 5.1.0. Seioutf8t - h h i c  

Ian Reld - S.I.O. beientiat - S 8 h l e  

I c h a a l  Re:chls - 8.1.0. Se imt i8 t  - SelSde 

Xiehs81 tlrlw - U.S.G.S. ToJlokkru - C r ~ i t y  

Jab Lea - U.S.G.S. technicians - Ctavitf 

Colin Brawitt-Toylor - Cambridge tlniv. - Lieinelat - Self -m . 
Hartin Coldbbc; - U.C.L.A. - Scientist - Iatmntiti.1 Y.Llr 

E d 1  II.111 - U.C.L.A. - Scimaciat - Ia te r8 t i t i . l tk te r  

Frank Rdbernka - S.t.6. - TachIl&hS M r W  . 
Robert Byrnba - S.1.0. - tacbn1ei.n Alrgm 

l a  order t o  traverse t& a t r a i t e  batvaan tha ).J8 X D i n l d  d Ieb 

k La Oua* and tha 881 81 ?uedar d u r f q  day l Q h t  vr e u m y d  tho 

kbrth.cn a d  of the Gulf 

26 nireh Sundax 

Surveyed the ntraitm doing q u a r a  pettarne running paral lel  to thm 

eoa8t for  112 hour then cunaiw parpondlcul8r t o  the coast u n t i l  m 

.saarnteted 100 fatRon o r  em8 vlthin a mila of ths coamt. mi8 pat- 

enabled us to get a i r  gun m o r d s  a t  0 8 a a n t ~ l y  rlgbt owla8 t o  I b o N e r  

p n v h a  track. Just  aoutl, of I s l a  Da Lo Qurrdia we a n  out ioro the 

oped gulf for  one jog corLry beck i n  very shoal water. Tiolahed l u m y  

mutt; of Sal ~i ~ w d a a  Ialaad8 ~ R H I  stoppad out in to  CWIC th.r\nse. tbaa 

north, t o  rurvcy c l ine  d m  the eeatar of the b u i a  t e  tiad &..put 

poiat a r r i v l t ~ s  char8 rpprordutaly dawn. 

27 b r a h  Wondnr 
- " -< 

Bapn rampling program i n  Sol 81 Puedea baain. Barie philouphy u u  

" to rmplin$ i n  a d i d  pattarn with cancer of d i ~ , i n  dcepret part. 

Tha long a d s  of tha dia&bd wuld  be along the long axia of the 

bosln. At tha eontor w would t d o  a hydroeanc. a larac dt~~.atCor gravity 

w r a  (a Karl8 piaton core without the plr tm) and a hear tlw. A t  tRe 

rw end polnta r l o q  tho long ax18 w would take long barrel gravity 

I coraa and a t  the and peinta along the ehort axia, heat f l w  8tatioaa. 

It w lound hoe brlnea shin pactotn reuld be u a d  and ch. d l a r h  e.paad-4 

dapmdiag on tk. mLs of tbe b u l n .  tba 81-d .onplily pr:trra vaa 

wmd in t& b1 S i  1Cwams b e i n  t o  f n l l l l r k a  the crow v i a  tha 

4 d.0 CO taOt th8 bml i l tS  WO?. . . 

..:the U.S.C. but probe w e  sot M y  for  the dL.lloab center 8.~1- 

20 E. 21 8, and 12 RP -re t8W rt c k  center ot thr bnrin. $tart00 

23C and 2% m r e  token a t  the lone axtr end*. Stat tar  24Nn (heat flov ' 

with a grm.rity core) on cbo west 8ldc 8 C  tha basin mlaed t l ~ e  norrw . 
aedtx+nt tarxrt. Tho bsrra:l brcko a t  the m l d  rmd cuo thoraluturs uorm 

lost. UUWVUC, a 83feey flialn between the berrel and the might  atand 

b l d  pravanting eonplete loss of the t h e o i a t o r  VMU. According t o  

G. lbtrahw the wale Was h u l t y .  Uowvar. the jury-rlgssd eonstructicn 

of tha probe p r t i c u l a r l ~  the p l a c i q  of rho t h a d e t o r  vanes in  r 

8)lral ao thnt durlng pull-out the tendency war to uneerw: the bari.1 

f c w  tk. ~ i t h t  s t d  dld net f i l l  tha fen t a i l  obaawarr wlth .Y. ad 

Con hut probe Md th.'eppar.nt lack of d i m a n t  on tha aamt 8ide of 

881 Sl  )rwd.s a Scrippa hoar f l w  probe Sea 26m vn8 wed a t  the meac 

loc8tiea 08 Station 2% a t  th north id of tbc basin. For the eastern 

8t.tioa a dredge St8 1711 van 8ubstituc.d for  tha h08t f C a  8tsci.n. 

$8 k r c h  hn+day 

*fur t& dredge at8cion um on& for the aoith end of &ayua basin 

first u onchor t h r w  c r a n u i t t i a l  b u e p  for  the maismic people t o  l i8ten 

tot UrLlqwtua. chon t o  take o hydrocast.- sravity cer. b u t  LICW In 

tho -en h o p  of Wrth Cuaymes bash .  . 
. . 

Uur bruaktart w had t o  atop t a  r o p i r  a wlt water p r p  so u d c  . 

tW C b  rnO8t.d ouchorare of hi? Juan hutimta Bay. Corwin and Conti 

Wac rshoro bra for  a rosist ivl ty a u m y  a lea t  the baach. The pump was 

C t W  by lunch ro w contlnuad a tho Cuayya basin. Oa L.l I w alraady 

ha4 h u t  f b u  .ad a p ~ l l a l n a r y  bydewart in  the Cuaymaa baain. the basin had 

r catrel hlgh with m a d h t  aurmuded.by thick 8edhenC. '2ha opper- 

most loye* ~ a f o C t ~ ~ m t * b  l a  a c ~ c l c . 1 1 ~  transparent vhich we found rhen 

vo -red the temperature telemeterins plager plus one water . u p l L g  
b t t l a  on ~q 01 it b.lieving w hhd ten tathome to go which the ~ W e r  

$9 such U.dModey 

Pr encounterad tho ambe lay8r ataih ia St8 29lK a s  thc hot,~on &skin 

bott le  h8d aramn muddy n t e r  plus slob8 of erean mud on thm outstde. 

Stotlona 30G .sad 3lHn; v u a  taken a t  the s a w  l o a t i o n  a s  29FC. This t:ce 

r i t h  plenty of redlaoat .ad a &ood w l d  the U-S.C. h8.t probe warked well 

Qthoorh I(rao* t e l t  t h t  va lw vaa questionable. We Vera opazati-g vie:. 

(rmt a f f i c h c y  so then vent t o  South Cuaymae baain vhich had r.ot baen 

au- durlog the f l r a t  leg. 

9 Wrch Thursday 

Q Scation 32 IIC early in the mornlng before dnn i n  tke ceeaer Cczp 

d rovth b e y u r n  basin. Mu, took St. 3 x  a d  34 REX a t  thta 10;~tion. 

8tcpp8d off to tho south for  r dredge en the mouth wall of. the b r i n  

r8eoVOred oi ly mud h o w m .  Conpleted work in  Guapus Basin. A t  th i s  

e l r  riolrs people w r o  looking for a r l t e  t o  launch the i r  rr:ovtrrb:e 

b e t t a  sai.#.tar thy 8banden.d i n i t i a l  plan of placing i t  a t  r t c  

b i n  and decldd.  f e r  a loeation Xorth .I tho Carmen basfin. 

Ik d. .~pod the .airreUte? than proceeLed t o  C.twn baain.for aurvay prLar 



31 March Frid: - 
Surveyed Carmen basin located deep and took Stat ions  37HC. 48F; m%C. . Ch&$,&<t+I br e:i,z caoa i f  we were s e t  t o  the  eouth and moved'up the  

-. . 
and 60HF. As we were -king good time, although not f inding hot  br ines  o r  southeast  s i d e  of tEe b a s h ,  m e  main englne was ovesheating so  it vas  

,. uteta l l i ferous  sediments, we decided to  check the  two hea t  flow systen imperat im we do soaething s o  we decided t o  dredge a s  we apparently couli! 

agalnsc each other  by using both the  Scrippr'  Bullard Probe and the  C.S.C. f ind  the  continental margin. The dredge saved cho day. It contained 

tharnts;orvaoegravitg core  at  one location. Tha preliminn- values s h 0 ~ C  serpentine, amphibolite, grayuacke. phy l l i t e s  a11 f r e sh  v i t h  no manganese 
2. 

ekreenent with the  U.S.C. va111es lower. llow good a t e s t  th in  was with . s t a i n s  o r  crusts .  The anphibolite and phy l l t t e s  had ve ins  af white - 
both pa r t l s ipanr s  knowin& the  Cost was being made is a moot question. 

su l f ides  presumably pyrite.  Tha graywacke had forminifera and echinoid (?' 

I t  c e r t a i n l y  deronstrated the  re t icence of heat Flow people t o  produce t p l a t e  f o s s i l s .  After the  dredge tho sh ip  was turned over co llush Br~dnr r ' :  

a nu:ber d i r ec t ly  from the f i e l d  data. In  t h i s  case  the  thermal con- Sroup t o  search f o r  buoys l e f t  on the  north west s i d e  of the  Farallon basi:  
and for!a  q u i s t  shiv  period (no a i r  nuns e tc)  t o  f a c i l l t ~ t e  l i s t e n i n g  f o r  . - 

due t iv i c i e s  were measured on che g rav i ty  core obtained with t h e  U.S.C. .arch quakes. 

Proha and nor ' f roa  tho Scrippa Fineor P i l o t  Core. 

1 Apri l  Saturdav Happy Easrer! h'en I got  up the captain  informed me t h a t  the  main 
I 

A r e a l  Apri l  ~ ~ ~ 1 s ' ~ ~  - the initial plan was Lo arr& the north en~. i"cproblez  was very ser ious  such tha t  the  chief riishcd t o  head f o r  

end of the  Faral lon basin j u s t  before d a m  then go r i g h t  d o n  the  l o n ~  Ln Poz f o r  rnpa!rn. Ono cylln$ur hnd uned over LOO gal lons  of lubr icat ing 

a x i s  looking For sediment and the  deepest par t .  From the  eurveys of o i l  i n  the  past  three days and st i l l  was per iodical ly  heat ing up. Bob 

L ~ z  I we knew the bnoin was.displnced t o  the northwest with respact  t o  Fish t h e  chief engineer sa id  tha t  i?nt=rprlse (the bu i lde r  of the  ongin. ha4 

cte o ld  Cull of Cal i fornia  map (Rusanck and ochers. 1960). Thus a t  about warned then t b a t  uppic2 tbe  rpns (previously t h e  top speed has  been about 

700 h?S PST we curned t o  run do& the long axis .  we ran deeper 1700 10 knots ins tead of about 12.5 knots a t  t he  increased rb of 3601 might 

fntho5s for  about 14 hours and found sediment a t  e i t h e r  end. The basin  . unseacons o r  several  of the  rings. So again we pay t h e  p r i c e  of Mar.Fac. 

f l o o r i n  between was lumpy with very l i t t le sediment apparent on t h e  a i r  penny-vlse pound-foolish a t t i t u d e  towards maintenance. We searbhed f o r  

E m  records. The deepest  pa r t  of the  basin  apparently was SE the  southwest Se i sa i c  buoys Dost of the  morning homing i n  on what was thought t o  b e  an 

e d  80 a f t e r  cozing out of the  basin we slowed t o  retrieve the gun and anchorea buoy but t u n e d  ou t  t o  be a sonobuoy which miraculously was c lose  

ragaetoneter  p r io r  t o  coming on s t a t ion .  However. once the  genr was on t o  the  anchorad buoy.. We now headed f o r  La Paz hoping the  

board we corlld not maintain s t a t ion .  The uind was 20 t o  30 knots out  o f  engine balds  v i t h  periodic clouds of black smoke appearing pa r t i cu la r ly  

t h e  norc!rdest and we thought was s e t t i n g  us t o  the  South. Aftor almost when we ara a t  low rpn pul l ing i n  o r  put t ing our equipment. At the  La 

t r ?  hot~rn of t r l l n ~  tu £ind thu ~odlacrnt patch we gave up hDudlna towards ?a2 harbor e n t r a c e  a f t e r  pul l ing i n  the a i r  t7en.t and rnnen~tanntor 'tha 

the  north end to  sareple tha t  r eg lo i  a t  the base OF the Continental Margin. cyl inder  gave up thc  ghost blowing a beau t i fu l  smoke r l n g  then b i l lov ing  

Ve got back in to  the  a x i s  and stopped where the  bottom was f l a t  below black clouds o f .  snottc - a gigant ic  cough then a l a rge  p e r s i s t e n t  smoke 

1790 5x5 and lovcrrrd the  hydro-east 41 IiC. Wlth about 213 of the  wiro ou t  r l n e  a l a  the  old  Ca=el c i g a r e t t a  s ign  t o  the  tune of t h e  sh ips  alarm 

Lea Cunnic;hac nociced the  pinzer t r aces  were no longer dfvergine. ' Because syRce" Out a ca5uh1ry. me tide 

of rhr relatively r o u ~ h  weather we had the  pine f o r  both 12 KHz fathometers Zo1"8 O u t  with the "take home" =gine Cnell nayedz 

cursed off  t o  be t t e r  see che crossings. The 3.5 KN fathqmeter was inoperat ive '  eould,.pake We finnlly the La docks and 

at t h i s  time. We checked (we thought) the  depch on the CDR (by t h i s  t i n e  c r i ed  t o  s igna l  f o r  a p i l o t  bu t  belng Easter  Sundny no hope u n t i l  t he  

t h e  old  PDR *.as r a the r  unrel iable) ,  and found the bottom a t  t he  bane . morning. 

place on the record. Unfortunately the ping was on continuous r a tbe r  

than gated programed a s  i t  turned out the  shlp  had d t i f t e d  up s l o p  

almost exactly 800 fathoms s o  the bottoo appeared a t  t he  s m e  place on 

t h e  record. In  our ignoranca we continued lowering t o  t h e  previous 

" s t r a i g h t  up-and-down depth i n  meters as i t  looked a s  i f  t he  pinger was 

- - inoperative. When we brought the  hydrocast ir\ the  thermometer rack on 

the  3rd b o t t l e  f ron the bottom was gone, the next two b o t t l e s  were - 
disemboweled although the  rack were i n t a c t  and the pinger was har.ging 

upside do;n secured only by the  sa fe ty  s l~ackel .  Obviously we had rur. 

t h e  cas t  i n to  the  s ide  of Che basin. With the  large b a r r e l  g rav i ty  core 

echedulnd next the main winch w a r  on the l i n a .  Rovevcr, we Could not 

3 Apri l  Monday 

La Paz harbor anchored oEf the mnin dock during rrpnfrrr on the nnin 

engine - l i b e r t y  boars every two ho~trs.  Tl~c  Dnlp!ifn char tered by Scripps 

b io loe i s r  was i n  the  harbor s o  was v i s i t e d  by Dr. Vacquier and party. 

Tho crew was chiefly interes ted in  the a c t i v i t i e s  M La Raacharita while 

che poor engine rooa crew worked around the  clock. A Canadion navy sh ip  

i n  port act ing the  typical  drunken s a i l o r  b i t .  Our boys held up wall 

beside them so  no ugly h e r i c a n  anong the bIelvillc crev. 

r cad l ly  f ind our wily back in to  the basin. There is the horrifying 

thought tha t  the  Melville saUa.into the wind a s  we always turned 1;2 

on the wrong wall when t ry ing  t o  ge t  back on  s ta t ion.  F i r  exacl le  by 

s a i l i n g  northvest i n to  t h e  wind the  botton shoaled instead oE deepeniog 



.4 April Tussday: 

Lo Pa. harbor a t i l l  anchored rlfficugh through the herculean e f f o r t s  CeaEt c e  had t o  cancel Cha heat  tiow s t a t ion .  t he  dredge. and tho t e s t  

of Bob Fish and the  engiae room crew we go t  underway a f t e r  dinner wkth of the Cazbrid~e salE-poter.tia1 system a t  South Pescadero basin. After 

a new piston. Most of t h e  night  uas spent a t  lov rpma t o  break i n  the  finishing the e rav i ty  core s to r ion  SOC ve  made a dead run t o  Souch 

piston. The plan now ves  t o  go ' back t o  the  Farallon basin  redo the  Pescadero basin and were able  t o  f in i sh  tho hydrocast 51UC and the  core  

hydrocast and f i n i s h  the  sampling the re  then go on t o  the two toesiodkro sra:ion 52C before the 2200 HRS l o c a l  deadline which was t h e  tima ve had 

9 
basins  and he back on Friday fo r  Bruna and Rclvkins t o  s t a r t  t h r i r  leg. t O  leave South Pcscadero basin t o  make La Paz a t  0800 La Pat  t b e  on - 
As t he  prlme t a rge t s  of the  Cupas  and Carnen basins didn't  y ie ld  hot KrIday to  curn thc ~h:p over t o  Brune and Hawkins. 

brinen o r  Red Son typr  aodLm~.ntu va fclL. the  ~ J S C  poaalble basin vlCh U r i l  Friday 

b r ine  po ten t l a l  was the  Pescadero. The Wazntlsn basin t o  the  socth was 
Bnck in L a  Pa. a t  the f u e l  docks by 0800. To save time t h e  agent 

ac tua l ly  shoaler and more open than the  Pescadero so  t h i s  basin was brougllt the new crew members out t o  the  ship  by small boat  and the  people 

skipped on l e g  two knowing t h a t  J i m  Hawkins planned t o  work more I n  t h i s  
were exchanged with the  usual conEusion. 

a rea  on Leg 111. This mean we temperature probed and took hydrocasts 
General Comments 

i n  seven basins (eight h ~ d r o c a s t a  because of the  dupl icat ion i n  Furollon 
It was disappointing of course not t o  f ind  the  hot  b r ines  o r  su l f ide  

basin) vhich i s  two more than projected by Craig f o r  h i s  Relium s a p l i n g  
r i c h  sediarenm however I think we looked i n  a l l  o f  the  l i k e l y  locations. 

program. N s o  va cectainly  were loery of the engine a s  the re  vere  seven 
The gear  worked very wel l  and the  s t a t i o n  operations vent smoothly a f t e r  

more pis tons  to  go. 
the usual breaking-in problems pa r t i cu la r ly  v i t h  the  col~bined heat-flow 

5 April Wednesday 
gravi ty  core  apparatus. The s c i e n t i f i c  pa r ty  worked very hard pa r t i cu la r ly  

Since leaving Ls Paz on Tuesday night  have been steominl: ac 114 rpecd 
the  r t a t i o n  c r e w  because of the  hinh nueber of s t a t ions .  27 s t a t i o n s  i n  - 

t o  break i n  new p i s ton  f o r  about 8 hours. Headed back t o  Korth ~ a r n l l o r i  
11 working days. A val id  complaint of the  stuCents on board was that  

basin t o  rcZo hgdroca-.t vhJch va rnmcd in to  chc wall. Took Stnt ions  . 

448C. 45C. and LiK% vi thout  incident  although the temperature teleme- 

crrinp, p1nzd:r van l n o p ~ m t l v u  bccnu:lu the lut.er~iu1 yluga vere  placed i n  

thc vrong socL.&ts. n lus  we did  not ge t  a temperature p ro f i l e  i n  t h i s  

basin. As t he  tbemou.eters on the  h'is@n bo t t l e s  did  not give any 

a a o z a l o ~ s  reejerntures .  t h l s  lack of temperature information war not 

c r i t i c a l .  ?he va te r  i ron  the  top of 46HFC vas not anomalous and t h e  

sediments from the two cores 65'2 and 46HFG were typ ica l  gfeea muds. 

We l u rc  tt.e k'ernllon bJSlD i n  l a t e  a f t e r  noon heading f o r  a shallow 

k ~ o l l  on the  southern f l ank  t o  take a shallow depth core f o r  Marty 

Goldhaber to  see  i f  there  vas  any great  chemical di f ference between 

the  basin  sediment and t h a t  outs ide the  basins. Unfortunately we got 

no r ccwery  =11 at sti  4 6 ~ .  

6 Apri l  T!h>r&g- 

A very busy day ns  ve hope t o  sample both Pescadero basins  i n  one 

day. Kovevar. t h e  f a t e s  vere  against us a s  during t h o  hydrocast 48RC 

i n  Sorth Pcscadcro basin the  hydrowtnch threw a loop o f f ' t h e  drum. 

p r e s . ~ a 3 l y  Cur t o  a ma:fu"ction o r  rnfsdigoment of the  l e v e l  wind. me 

t h e i r  l ack  OF r e a l  par t ic ipat ion i n  the  physical or manual aspects  of t h e  

s t a t i o n s  because most of the  work was done by t h e  highly qua l i f i ed  

technicians. Thia ce r t a in ly  is a dilecna because one wishes t o  t r a i n  

r tudents  but a l so  wlshes t o  ge t  the job done f a s t  and co r rec t ly  without 

l o s s  of equipment o r  in jury t o  anyone. With such a l a rge  a c i c n c i t i c  par ty  

(25) and with a mul t ip l i c i ty  of pr0grm.s t o  be done in r e a l l y  a l i a i t e d  

amount of time I decided to  l o t  t he  professionals tnkc o

v

er  t h e  s t a t ions .  

One horr ible  d i f f i cu l ty  I had as chief sc i ene i s t  was t o  a c t u a l l y  do my 

own work. Tha job was more l i k e  tha; of an orchestra  leader  c u e f c ~  i n  the  

various s t a t l o n  opcratlons. 

. : ? I '  .s;ic~n Tills ~~oaiirnr.~ :r. . . . 
.. . .. . . .. 

ezac war coi?la tcd successful ly  but we l o s t  time.' The problem got worsa 

1 on the heat flow s t a t i o n  a s  the  wirc'was not spooled back on the  drum 

pre)erly. A ~ a f n  ve eo t  the  sa rq lc  but a t  a t e r r I b l c  l o s s  of time. This 



TIME IMTE TIME TZ SAW SEO. OISP 
' . CRUISE 

ChT 0.M.V. LUC Lac Ct!DE SAMPLE XDENT. NUM. CllDE LAT. LONG. LEG-SHIP 
-l-----l----~U~III-------------~-"UU---~----UU--U~U~-U-~-U~--l------------ 

HCN I 
HCNI 
HClv 1 
HClJI 
HCN l 
HCNI 
H t N  I 
HCNI 
HCN I 

. HYPO 
HYPII 
HYPO. 
HYPU 
HYPO 
HYPIJ 
HYPI! 
HYPn 
HYPO 

. I 

, I 
: ' 

1 fHC 
20HC 
2YHC 
3 2  HC . 
3 SHC 
4 1  HC 
4 4  HC 
4 8  HC 
SlHC 

PXW 
PXW. 
YXH 
PXW 
PXW 
PXW 
PXH 
P XU 
PXW 

111 233W S HYPO 
1 1 3  3Y S HYPO 
111. 2641-.S HYPO 
111 246H 5 H W  
110 5 5 3  5 HYPO. 
1 0 9  4 6 7 h  S HYPO 
1 0 9  5064 5 HYPO 
1 0 9  B6H' S HYPO 
1 0 8  503W S HYPO 

TINE DATE TIME TZ S A W  S E Q e  D l S P  C W a S h  
GMT Q.V.Y. LOG L ~ C  cone SAHPLE IDENT. NUM.. CODE LAT. t m ~ .  L E O - ~ W  

Irr-r------r---r-rr-r---I------I)-I)---~-drr----rr--r-~rr-srrI)-----drr----- 

C GK 
C GK 
C t K  
C GK 
C GK 
C GK 
C GK 
C GK. 
C GK 
C CK 
C t K  
,I; CK 
C GK 
C GK 

HYPCI 7G 
H Y P O . l l O  ' 
HYPO 2 1 G  
HYPfl 2 3 6  
HYPO 256  
HYPO 30GC 
I4YPl l  336 
HYPCI 98G 
HYPn 45G 
HYPtI 4 i C .  
HYPCI 5 0 6  
HYPO 5 2 G  
HYPO 6 2 6  
HYPO 63G 

HYPU 2 4 \ 0 6  
HYPli 31HF.G 
HYPO 34HF G 
HYPLl BYHFI; 
HYPO 46HFG 
HYPtl 49HFG 
HYPO 5 t H T . G  
HYP(I 59HPG 
HYPCI 6SHFG 
HYPCJ 'IOHFG 

2230 PXW 25  2 7 4 ~  ,109 447w s HYW 
2 000 ' PXH 2 7  274N 111 Z24H 9 HYPB 
1534  PXW 28 425N 113 3W 5 WPC) 
1 2 3 4  , PXW 28 3 f i lN  1 1 2  531W S HYPO 
1314  PXW 2 H  4S5N 1 1 3  52H S HYPO 
1 9 6 9  PXW 2 7  231N 111 2LBW S HYPO 
1 9 4 9  PXH 2h 524N 111 246W S ti Ptl  
2 7 2 7  ' PXW 2 6  232N 110 44401 S H Y M  
3 1  7 9  YXW 25 310N 109 492W S HYPO 
0 0 0 0  , PXW 2 5  SON 109 462W S HYPQ 
3 3 6 1  PXW 2 4  421N 109 LOW S m P O  
3 795 PXW 23 5Q4N 1 0 8  5 10 b S HYPO 
1 6 7 9  PXW 26 4IlbN 110 523W S H Y M  
1 9 6 8  . PXH 27 2 ? 6 ~ - l l a  241n s JWW 

PXH 28  
PXW 2 7  
PXW 26 
PXW 2 6  
PXW 2 5  
YXW 2 4  
PXCI 25 
PXW 2 5  
PXIJ '23 
PXW 2 2  

HYW 
HYP(1 
MY PO 

.HYPO 
W P O  
HYPO 
HYPO 
H ~ C I  
HYPO 
BAPn 

From Smith (1972) 



STATIONS 

Posi t ion  
DNC PIX 

2OKC 

210 - I I 1  I l7n-1823.  

22HP " I I  H 1 8381 1 S 0 ~ i 1 t  HP l c s a  than 2 Bullard Probe 27 )far 

Type .of 
Stnt ton 

844 

838 

-- p- - -  

696 120cm green mud wi th  s i l t y  27 >far 
snnd 2126-22122 

570 Core ba r r a l  broke a t  topueld- 27 Mar 
assor ted  pobblea i n  ca t cha t  2323-241)- 

718 316cm ~ r e c n  mud 28 Hnr 
01554210 

720 KF extremely lw l e s s  than 1 28 Zhr 
0 2 5 5 4 t  

792- Basalt. pltslice Wn coat ings  28 Mar 
320 no f r e sh  f r $ w n t s  OL26-0630 

530 Anchor 3 t r aa sml t t i ng  hydro- 29 Hak 
phones 1000-1200 

1076 9 b o t t l e  c a s t  ' 29 Hsr 

l o c a l i t y  ISCQgI b m e n t s  mte 

28' 112' M D  
38.6'W 57.OW 

" ,I 

1 I 1610 + 

362cm b r o m  green mud 29 Zlar 
lYuI-l9uo 

8 7 m  green b r o w  mud 29 War 
AF vnlac! g ~ ~ n u t i o n a h l c  2000-2215 -- 
9 b o t t l e s  30 W r  

1020-1145 

309cm green mud 30 Y&r 

155cm gruen brawn mud 
AF medium 2 t o  4 1335-1441 

30 Pa r  
1500-17201 

Nine b o t t l o  coat  
Temp a t  bottom 10.S°C 

384cm Green sendv mud 

122502 

1480 9 b o t t l e s  31 ?Tar/ 1 4 
22354Q20 

1490 306m lOcm browa mud - rest 1 Apr 
dark  w e e n  mud. Temp mud on 0042-0208 
deck 8 ' ~  

1480 112m g r e m  black mud 1 Apr 
HF medium 2-4 0215-0358 

l4S4 BE npproximately 4 1 Apr ' 
0355-0540 

1726 9 Niskin b o t t l e s  - s t r i n g  
d r i f t e d  i n t o  nor th  wal l  d is -  1 Apr 
abled pingcr- lost 1 rack 2100-2315 

ilydrocast v i t h  temp 
t e l e .  Pingar 

Karin Corer without 

27 ?lor 
,MV-l720Z 

27 ?lar 

thcnnomct@rs front 7 b t l s  ok! 

42D 25* 109' . Dredge North end 1730 t h f i c  rock6 - serpent ine  
35.2'N 47.4'W Damin A mineralized ~mpl lbol i te  & (py r i t e  ~ h y l l i t e - g r a y  +) (111. OZJ5 - 

Ccntar Snl 81 
Puedea Basin 

I1 

I I I I I wacke with £oms 6 s h e i l  i o  I 
!In coatings 

43s 25 '38 '~  Buoy recovery North west aidt: 363 None recovered 213 Apr 
1 0 9 ° 4 4 ' ~  Farallon 1400-L6002 

44BC 25' 109' SAT Hydroeast Parallon Basin 1735 3 b o t t l e s  shnllovcnnt 5 Apr 
31.69 59.1'1 9 b o t t l e s  dcop e a s t  1900-21M 

t t P  11s n l i ~ l l r d  

45G 25' 109' SAT Karig Corer without Farallon Rnsin 1736 290cn; gray-green mud 5 Apt 
30.R'S 4 9 . h 1 U  pis ton I ?212-2= 

L6IIPC 25' 109' SAT USC Probe wi th  Fata l lon Basin 1738 167cm green mud - b r o w  layo$ 
31.1N 49.7'V gravi ty  with worm borings a t  top 516 A?r 

-- -- ( tn  llcn rratlvlry menu.) 2358-0355 

47G 25' 109' SAT Karig Corer without Knoll S.W. of 580 No recovery 6 Apr 
05.2.X 4h'W pis ton Farallon Basin 05?0-U610 

531!C 2L0 ' 109' Hydrocast wi th  t t  North Pesea- 1800 1st c a s t  4 bo t t l cn  
dero Bnsin 2nd c a s t  8 b o t t l e s  1110-1354 

d e r o  Basin top i659-1,8302 

617 rlpr 

2Z°C, bottom tenp. 1 . 5 ' ~  

7 A p r  
0317-0500 



PERSONNEL 

Electro Chemistry 

P . Wilde 
U. Conti 
R. Corwin 
P. De Alba 

TECHNICAL OPERATIONS 

Interstitial Chemistry 

M. Goldhaber 
E. Kalil 

Heat Flow 

L. Lawver ) Bullard Probe J. Rodgers 

Derek Manov - USC Probe 

Seismic 

Hugh Bradner 
A. Nava 
Ian Reid 
M. Reichle 

Gravity 

M. Marlow 
J. Lee 

Self-potential 

Colin-Brewitt-Taylor 

Airgun 

F. Hubenka 
R. Byrnes 

Measurement by Dilution of Activity 
Coefficient of Sea Water 

Measurement of Pore Fluids of Sediments 

Helium 

L. Cunningham 
M. Waldorf 

Underway Records 

Dep th-Mag- 

G. Shaman 
M. Hausman 

Sono.buoys - bottom seismometer 

Electrophysical Sediments Resistivity 

R. Corwin 
U. Conti 

Cambridge Probe 

Bolt Airgun 
Raytheon Recorders 

Computer 

. . J. Ott IBM 
A. Henry 1800 
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TERPERATURH AND SALIKITf 

FROM HYbRDCASTS 

L. Cunninghorn and H. Usldorfr Annlysts 

&UIN arml slaEurum 2 snLINIm3 1: Depth by ulm measurement. Lea8 than 5Owire ~ 1 1 e  
STAT103 

METERS FATllOMS CENTRICWE 
2 Ten;.crature - by ca1ibra:ed revers ing  thermomttsrs X* 1 3. S a l i n i t y  - ramplas drawn f r o a  5 end 30 l i t e r  I t s k i n @  

bot t les .  'Neasurenent on flytech Ztodel 6220 Saltnometer 
HYPO 2ONC S d  S i  Puedes 175 95.6 13.16 35.049 

425 232.2 12.33 34.938 

rloo 
1400 
1670 
1900 

bed!-t i n  sample)' 2000 

HYPO 32HC Cuaynaa 14 
South Deep 272 

472 
772 

'1072 
1372 

RYPO 41HC Fara l lon  50 27.3 . 17.80 35.102 
200 1 0 9 ~ 3  12.24 34.ezo 
500 273.2 8.11 34.578 

750 B09.8 5.09 3'bV52r~ 
1050 573.8 41 30 34.55& 

(Questionable value 1350 737.7 3.66 30.5?6 

tempcratura nnomnly) 1650 901.1 3-64 34.618 
1950 1065.6 --- 34.634 

HYPO 40lIC Rorth 
Pescadero 

hTPO SlHC South 
Pcscodoro 1.0 

200 
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HYPO 20 HC 
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e TEMPERATURE 
TEL EMETERING 
PINGER . . 
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THERMOMETERS 



e TEMPERATURE 
TELEMETERING 
PlNGER 

tli A HYDROCAST 
THERMOMETERS 

1400 

0 fEMPERATURE 
TELEMETERING 
PtNGER 

A HYOROCAST 
THERMOMETERS 



AIWYSIS OF SEAWATER SAMPLES 

FnOn GULF OF CALIFORNIA 

FOR Ns+ Mgt+ Ca++ K+ 

Proced?lrr% -- 
analysis was made using brkin-Elmer model 2908 Atomic Absorp- 

t ion Spectrophotometer 

machine set t ings used: 

preparation o f  Nagnesium standards and .samples* 

standards: 

.5 ag/L Mg+f- d i l u t e  sw standard 1 + 2.500 
1 0 0 ~  sw standard d i l u t e d  t o  250 mls 

.25 mg/L Mg4.t- d i l u t e  rr standard 1 -. 5.000 
501 su standard d i l u ted  t o  250 mls 

Blank - deionized water 

'each o f  the above standards containted lOOOppn 

.Lat3 by adding approprlate volume o f  stock 5% 

solut ion (5 mls t o  250 ml volume) 

samples: Sodium: o x l d l r i n g  flame. 7; s l i t  width. 781 A se t t l ng  0.8 mg/L= 

379 .  l i near  up t o  lmg/L 1000 ppm K+ enhances sensit iv- high - d i l u t e  sw sample.1 + 3333 
30a sw sample d i l u t e d  to  100 mls 

i t y .  2" s ing le s l o t  burner low - d i l u t e  sw sample 1 -. 5000 
o 501 st! sample d i l u t e d  t o  250 mls 

Pa~agnesim: ox id iz ing flarre. 7A s l i t  width. 210 a se t t i ng  0.3 mg/L- 
both o f  the a b v e  sdmples contained 1,000ppm 

37XA. l i near  up t o  0.5 mg/L 1000 ppm ~ a ' ~  enhances sen- 
' 

by adding appropriate volume o f  stock 5%, 
s i t i v i t y .  2" s lng le s l o t  burner. so lut ion (2 mls t o  100 ml "01. 5 mls t o  

Calc l~m: reducing flame. 7; s l i t  width. 459 a se t t i ng  4 mg/~.( 250 ml vol) 

40 :A. l i near  up t o  7 mg/L 1000 ppm enhances sen- roTe-.i= one v 1 1 c ~ O X ? j l - i i C  - .  . . 
s i  t i v i t y .  4" t r i p l e  s l o t  burner. preparation o f  Calcium standards and san~ples 

Potassium: oxidizing flame. 2 0 i  s l i t  width. 1168 a se t t i ng  b g / L =  standards: 

50XA. l i near  up t o  2 mg/L 1000 ppm tta+ enhances sen- 

s i t i v i t y .  ?'' s ing le s l o t  burner. , . 
Seawater Standard Solution: (sw standard) 

preparation: t ransfer  0.999 gm CaC03. 2.074 gm MgO. 

1.414 gm* K2C03. 25.41 gm NaCl 

t o  1 L f lask. Dissolve i n  minimum 

volu:~~e IICl(1 + I )  ( ibout  350 mls). 

D i lu te  t o  1 L w i th  H20. 

*note: --- for  Seawater Stanrlard Solut ion 0.707 gm K C03 shoulq be used 
i n  order t o  get a f i n a l  concentration o f  GOO mg/L K 

standard 
c o ~ ~ c a r ~ t r a t i o n ~ :  approx. values i n  seawa ter(l9CL) 

10,000 III(J/L Flat 10,550 ppm &a+ 
1.250 mg/L Mgef 1.270 ppm Ma++ 

400 sg/L Ca +.r 400 ppm Ca"+ 
800 111g/l: K *  3::O ~ ( Y I I  K t  

preparation o f  Sod_iun~ stancards and sar.ip& 

standards: 

1 mg/L ~ a +  - d i l u t e  sw standard 1 -r 10,000 
2 0 ~  sw standard d i l u ted  t o  200 n l s  

4 mg/L Na' - d i l u t e  sw standard 1 + 25,009 
20A sw standard d l l u t e  t o  503 mls 

Blank - deionized H20 

*each o f  the above standards containe* 1.939pr 
K+ by adding appropriate volume o f  stock 5% 

K' solut ion ( 4  mls t o  200 ml vol. 10 mls 
to  '500 ml vol) 

sa~npl cs : 
\ 

high - d i l u t e  sw sample 1 + 12.550 
20x s~ sarr,:~le d i l b ted  to  250 mls 

low - d i l u t e  srr sas~ple 1 -. 25.000 
20i sw s a . 1 1 ~ 1 ~  d i lu tcd  to 500 mls 

both of t h e  at~ovr sali~ples contained 1 .OCOp?n 

Kt by adding dp?ropriate volune o f  stock 57 

K~ solut ion ( 5  "11s to  250 ml vol. 10 r l s  
t o  503 ml vo l )  

6 mg/L Ca++- d i l u t e  su standard 1 -r 66.66 
3 mls sri standard d i l u ted  t o  200 mls 

4 mg/L Caf+- d l l u t e  sw standard 1 -. 100 
2 mls sn standard d i l u ted  t o  203 n l s  

Olank - deionized H20 

*each o f  the above standards contained 1000 p p n  
+3 La by adding appropriate voluze o f  stock 5: 

~ a ' ~  so lut ion (4 mls t o  200 ml vol) 

samples : 

high - d i l u t e  sw sa~t~ple 1 + 100 
2 mls su ranple d i l u ted  t o  203 a1s 

low - d i l u t e  sw sample 1 + 125 
2 mls sw sample di1u:ed t o  250 n l s  

both o f  the above samples contained 1003 ppn 

~ a + ~  by adding appropriate volume o f  stock 5% 

Lat3 so lut ion (5 mls to  250 ml "01. 4 n l s  t o  

200 n11 vol) 

u preparation o f  Potassium standards and samples 

standards: 

2 mg/L K+ - d i l u t e  sw standard 1 -. 400 

p 1  sw sta~idard d i l u t e d  to  200 a l s  

0.8 ag/L K+ - d i l u t e  sw standard 1 - 1C30 

$1 sw standard d i l u ted  t o  500 mls 

Clank - deionized H20 

*each o f  the above standards contained 1003ppm 

tla' by adding ilpprapridtc volume o f  Stock 5% 

~ a +  solut ion (10 mls t o  500 ml vol.  4 rnlS t o  

200 1111 vol) 

high - d i l u t e  sw sample 1 - 250 
1 ml sw sanple d i l u ted  t o  250 mls 

low - d i l u t e  sn sanple 1 + 500 
-) nl sw sample d i l u ted  t o  250 mls 

both of the above sahplek contained 1OOOppnl 
~ a +  by adding appropriate volume o f  stock 5': 

Na+ solut ion (5 n l s  t o  250 ml vol) 



Reading Procedure f o r  standards and sam?les - 
1) 15 pa i rs  o f  high/low samples were prepared from I S  

c l t r a t e  sw samples (contained i n  c i  crate bot t les)  

2) 1 s e t  o f  standards were prepared f o r  each 15 p a i r s  

3) each indiv idual  sample was read twice whi le  each 

standard was read four  times f o r  each sample as fo116ws: 

a) Blank, h igh and low standards read 

b) 5 pa i rs  o f  htgh/low sanples read.(lO readfngs tota!) 

c) Blank, htgh and low standards read 

d) Blank. htgh and low standards read (readjustment 

o f  the zero f o r  Blank-only I f  necessary) 

e) Same f i v e  pa i rs  o f  high/low samples read second 

time bu t  i n  reverse order 

f) blank. h igh and low standards read 

9) Repeat steps a)- f) f o r  next  5 pa i rs  o f  high/ 

low sarples. 

note: reading-. c) and f) were used f o r  -- 
readings d) and a) I f  readjustment 

o f  the zero was n o t  necessary. 

4) readings were taken from o d i g i t a l  readout o f  n i l l l v o l t s  

and rounded o f f  (averaged) t o  the nearest 0.05 mV. 

d i g i t a l  readout was t o  the nearest 0.1 mV. 

5) 4n order t o  check on the accuracy o f  the values. .. . 
appropriately d i l u t e d  samples o f  Copenhagen seawater 

were read. I t  was assumed t h a t  the exact concentratlons 

o f  tho elcnents i n  the COP sw were know because o f  

D i i za r ian  Ratios and the known Ch lo r in t t y  o f  .... 
Copenhagcn water (COP) CL = 19.375% 

Controls- 

-Co?enhar,en Fs:er was used as a contro l  (CL = 19,3752) 

-The sam.? sncple was read a t  s i x  d j f f e r e n t  times during the 

analysis o f  each p a r t i c u l a r  element. 

-These valges can bs used as a reference o f  co~nparison assuming 

t h a t  Sit.-'fir's Ratios hold up f o r  Copenhagcn water. 

FOR N O R  XON T A B U 3  Values in RATIO ealtmm arc a l e u l a t e d  by dfr*g 

(1) meclsurcd value i n  w l e a  per l i t e r  by (2) id-1 value in moles per 

liter asauming conservancy (Culkin end Cox, 1966). 



FOR W O R  ION TABLES: Value3 i n  RATIO columrl a r e  calculated by div iding 4 
c X P E D I T l  r:FC >!AMP CAST !iUMBEi</lY3E--, - - -- - - . . - ......-..... .. .- .. - - 

HYP I.: 20 HC (1) measured value i n  moles per l i t e r  by (2) i d e a l  value i n  m l e s  per s 
Y 

' l i t e r  assuming conservancy (Culkin and Cox, 1966). b; - . . . . . . . . . . . . . .  .... . . . .  . . . .  ......-.. - .. - ..... ................. - .. .~ - . . -- - . - , 0 - 
~ F C  TH S A L I h I T Y  TEMPEAATURE S G D I U M  M A G N E S I U M  P O T A S S I U M  CALC IUM 

(!.!El ERS)  
y 

- . -. . -- t g!cd t o c c  C. 1 ( M O L E S / L I T E R 1  (RAT,lL3_1 (MOLES/-L.1 T E R I  (2 .ATl .R)  (MOL€SSLITER I (RRAr@J (MOLES/& I T E R )  (R$T_I-OL 
17 5 35.05 13.2 -48219' 1.00505 0 0 0 5 1  lei10748 moll53 1.1 0171 00 1042 098898 3 
425. 3.4. "4 11.3 .4736b l 99054 05970' . 1.09607 o01150 1.10250 001026 -97683 
R 7 - 5 .  . !4.>6 - -- 1 1 a-6- r 469-7374 96466 005970 1*09!65 .+1122 1.08846 -01024 091766 

1175. 3 4 .  R3 11.4 46 647 .4 786 8 05986 1. 10203 -01142 1.0991-3 -01024 -973x5 
1376. 34-82 11.4 -46 974 98582 . 05941 '1 09468 001144 1 .lo085 m01024 097881 
1525. 34.81 11.3 047039 l 060 19 1.10930 .Oh127 1.08451 -- 098748 -- - . -- - m01024 097947 -- 
LOCATIC.4 27 25.3 N i l l  26.6 W N O R T H  GUAYMAS B A S I N  - - -- - - - 

-- . - . .-. ........ - . .--. --- ....... -. .-. - -. .. -- - 
P O T A S S I U M  CA LC I U M  DCP T H  SAL 1 r l f T Y  TEMPERATURE SOD I UM M A G N E S I U M  

f MF_T_E,R( ) f c/og , (DEG C.1 ( M O L E S / L I T € R i  ( F A l ! N  ( M C L f ~ ~ ~ ~ ~ E R I  ( k A T I 3 I  f M O L E S l L I T E R )  ( R 4 T I O )  ( M O L E S / L I T E R l  IRAT~OI , 
2F)- 35.10 20.6 .48529 1. u3430 1. o u 8 i 3  .-0i~i9-~;i76221 . . . iJT6i;Z .98;13T r 

300- ' 34.77 11.4 .43529 1.01996 005879 1.084H4 -01119 1.37893 ' .  . -0i024 - . -98055 qD 
+on. -. 34-58 6.2 e47487 1.00372 -058 79 1.0909 5 o01114 1.01939 -01023 09R493 . . . . . .  
flOo. 32..5'?. 5-.b .45 10lp" .95496 . ; a S A ' o ' m . 0 7 9 4 6  -0 1'1 12-1;-0 79 9 3. 001627 . 99'0TT 

1 1 0 n -  34.55 4.2 047 099 .99t,3t i05856 1.08657 00111.5 1.08182 . 0 1028 .9904L 
140.7. 34.58 3.3 ' .  .46?_76 , 098020 0 5 9  1 8  1. 09.81_5. -01112 . . 1.07810 001036 a99722 
167n. 74-60 2.9 -45 548 .96=2 005866 1008788 -011 O-FO 56 001036 *W66F 
190n- 34.t 1 2.9 45 802 9672 2 058 1 8  1.07910 -01104 ' 1.36886 . 0 1034 .89449 

-- 2r?00- 34.59 2.9 ' ,45930 97048 m05882 1.09114 ---~ -01105 1m07088 0 1032 '0'39323 
. . - - .. - . . - . - ? -. -. . - - - - - - . 

Lf?c!"J 26 59.4 N 111 26*O'.W SOUTH GUAYMAS e A S I N .  
I 

E X P E D I T I r W  NAME ChST NUMBER/TYPE - 
HVPC: 32 HC 

1 .  
D E P T H  S 4 L I N I T Y  TEMPERATURE SCD I UM M 4GNE S I U M  P O T A S S I U M  CALC IUW 

I t<ETr . 'S I  l t-/ !7?) (D€G C . I  (MOL€.S/L!rERJ (ReILP ( M O L E S / L I  T E R )  ( R _ A L ! l I  (UOLES!LITER) ( R 4 T I O I  (EIOLES!LITERJ I R A l ! _ a )  
14. 35-31 20.7 -47086 1.00324 -05979 1.08594 e0112.3 1.06565 l 0 1046 -98592 



LC:CATIC,N 26 23.3 N 110 a309 W C A R M E N B A S I N  - 
F X P F D I T  I ON HAdE C4ST IiUMBER/ TYPE -- 

H Y P ~  j 7 c  

DFPTH S 4 L I  U I T Y  TEMPERATURE SOD I UM MAGFIESIUM POTASSIUM C A L C f  UM 
(CiFTEFSI ( 13/12? . . - . - . - ) (D~G-c . )  (.NOLES/L I T E R J  (RAT% I t M O L E S / L _ I ~ ~ E S )  ( P A T I O )  ' ( M O L E S / L I T E R  .O i i i  z7x9qi3p--. J t R 4 T 1 0 )  ( U O L E S / L I T E R I  .... -- ( R A T I O )  - 
200. 14.94 12.7 -48096 1.00582 -05873 . 1.07631 .0103t .98185 
500. 34.60 d .  3 .40959 -99193 005834 leC8203 ' 001122 1.08672 .01025 -98584 

- .. 
LOCATION 25 36.0 N 109 42.0 U FARALLON B A S I N  

EXPEDIT 1 CU NAME C4ST t\UMBEK/TYPE 
HVPn 41 HC - .  I .  

DEPTH S A L I N I T Y  TEMPERATURE SODIUM 

2000. 34 64 2.4 -47320 . 99838 ,05858 1.08513 001087 1.05173 001032 , -99184 
2?=. 34.6.5 ' * 2.3 -57 t:S. 1t905.13 0 6 0 q 0 .  A ! !  1083 1.04?9_5 --!?.lofro 

--.---.---. 
-9.9922 

...... ........... ....... . . . . . . . .  .. ...... ....-......... ...... , ,_ .A_-_ - 
L F C A T I D Y  25 31.6 N 109 49.1 W FARALLON B A S I N  

DEPTH S 4 C I N I T Y  TEMPERATURE SODIUM MAGNESIUM POTASS! UM o C A L C I U M  
( Y F T E I S )  t  9JOoi (DEG C.1 ( M O L E S I L I T E R )  ( R A T I O )  I H O L E S / L I T E R )  ( R A T I O )  ( M O L E S / L I T E R )  ( R A T I O )  ( H O L E S / L I T E R )  ( R A T I O )  
2250. 34.64 2.3 047950 1.01167 oC581R 1.07782 -6  10 7K- l-X4145 061039--- -WXbJ 
2t.0 0 . 34.64 2.3 -49588 1.04622 -05909 1.09464 -01061 1.02677 .01036 ,99505 

34 64 -ZC 5 ' 1 ~ -  -- 2.3 .50974 1.07546 05970 1.08733 001099 1.06340 e01041 1000026 
1150. 34.t5 2.-4 - -- -50426 1.0635Q----- 05767 -1.06804-- 001089 - 1 . 0 5 2 8 4 7 0 1 0 3 5 ~  099401. 



L D C A T I 9 N  24  41.8 N 109 09.9 W NORTH PESCADERO B A S I N .  

'XPEDTTION h A M E  CAST NUMBER/ TYPE 
0 
P 

t IYP0 48 HC u 

DEPTH S A L I N I T Y  TE HPERATURE SCOIUM H AGNES I U M  POTASS ~'UM C A L C I U M  
(PETENS) (U/OC 

E 
(OEG C.1 lMOLES/L ITER' )  (RATICI )  (MOLES/l. ITER) (RATIO) . ( M O L E S / ~ L I T E R l  ( R A T I O )  f W O L E S / L I T E R )  ( R A T I G l  5 

91). 35.m 18.1 51 302 1 0709 8 -05850 1.07227 .01093 1.04642 001045 ,99377 w 

LOCATIOY 23  59.6 N 108 50.4 W SOUTH PESCADERO B A S I N  

E X P F f l l T I O N  N A Y E  C4ST NUMBEU/TYPE \ -- 
t4YG r) 5 1  HC 

- --- 

DEPTH S A L I N I T Y  TEkPERATURE SODIUM ' . HAGRESIUM 
( Y F T E R S )  1 0 / 0 3 )  (DEGC.) (MOLES/L ITER) .  ( R A T I O  k (H@LES/L  I T E R )  ( R A T I O )  

r 47018 
-- - - .- . . -- 

50.  35.74 . 18-0  -97924 005967 1.09118 
200. 34.54 11.2 -47811 1.00576 005862 1.08274 
5 0  0 .  34.52 . . 7 0 1  -48141 1.01872 005812 1.07980 
HOO. 3 x 5 7  . 5.4 . 4 7 6 7 9 ' - 1 . 6 6 9 5 3 - 0 ' 0 5 7 9 5  1.07732 

POTASSIUM CALCIUM 
f Y O L E S / L I T E R )  ( R 4 T I O )  f M O L E S / L I T E R )  ( R A T I O )  
P --- 

0 1 13Y-TT8T2 0 001014-3q36!5- 
o01136 1.09592 001008 097113 
001111 1.07904 o01004 096799 

.00994-- .01120'p11f1872'?- -95751- 



ACTIVITY COEFFICIENTS 

DILUTION 
APPARATUS 

Over 
t o  

Was 

or Va Ive 
Previous 
Dilution *I 

Dilution Tecbaiqtu 

e L Water from e i ther  8 I or 30 l i t e r  Hiekin bo t t le  van p a d t t n d  to c o n  
t o  laboratory ambimt temperature 

B. The valves of the myrtoa [Pip. 4) verm met am f o l l o w t  h l v c  (I) tlord: 
Valve (2) closed8 Valve (3) open N, aea vater  and open ~o pmq 

C. The conatant volumn buret warn flunhed with th. namplm 

D. One f i l l i n g  of ilu burkt  vam dinchneged in to  the approprhtaly murkad 
container. %eh container van marked a t  100 ml lnteflaln t o  prevent 
miscounting of the number of dilutionn. 

8. The valves vere wv 6et  an follov.si Velve (1) open to ntorage tank. 
open to demtneralizer, closed t o  ship'. water; Valve (2) cloned t o  e toram 
tank, open to Valve (3); Valve (3) closed t o  aea water, open t o  Valva (2). 
open t o  pump. 

1. The conatant volu& butet ver flushed with double demineralized dimti l led 
VBtQC. 

a. nine f i l l i n s s  of the 'buret v i t h  d in t i l l ed  a t e r  vere d iachar~ed  i n t o  th. 
container. Thue tha f luid i n  the container w r  0.1 by volume of the  
concentration of the i n i t i a l  abot (step D) . 

T b  procmduKe VM r e p u t e d  U # i n ~  an d i q w t  thn p r ~ i o u #  di lut ion u 

th. aample. In aucb m m e r  dilutlonn of 0.1, Ct.01, 0.001, and 0.0001 vere 

obtained t o  be meaaurad i n  the electrode chamber. 



ACTIvrm COEFf ICIENTS 
-22- 

MEASUREMENT 
AND 

RECORDING 
APPARATUS 

Printer ond Punch 
Recording 

( Electrode #)(Millivolts)(Time) 

TO waste TO daste  . 

-- 

CtWmCL ImCTlOq ELECTWDE fPPt 

0 Zero Check 

1 Chloride : Backman 39606 

2 k d i m  Orion 9&1U 

3 Sodim Corning 676210 

4 Calcium bcbnan 39608 

5 Divalent 

6 Blank 

7 Blank 

8 Blank 

9 Potaraim 

Solution Gmmd 

h 

Pn 

h - K  

PR 

I7 .. Conductivity. 

18 Zero Check 

Rcf.reac.r ~oco*t  Silver chloride in tcnr l .  
8ee Corwin and Canti (1973) 



ACTIVITY COEFFICIENTS 

SEA 
a WATER W 

2 
3 
4 0.1 
m. 

e 
6 ' . 0.01 
k' 
V) 

CURVE FOR 
W .  DE BYE- HUCKEL 
a 

E 
0.001 

r 
m 
0.0001 

0 - 
5 . . 
=! 
0 

MILLIVOLTS 

The analyses consisted of (1) making f o r  each sample four 

s e r i a l  decade d i lu t ions  i n t o  the  Debye-Auckel range, (2) measuring the 

e lect rode response of each sample plus  the  various d i lu t ions  with a 

multi-channel electrochemical meter; (3) calcula t ing,  by assuming the  

consemancy of s e a  water,  a l e a s t  squares solut ion of the  e lect rode response 

curve i n  the d i l u t e  range where yi* + 1: and (4) solving f o r  i n  r e a l  sen 

v e t e r  by I n  - :: (AV) + In  Yi Dcbyc-Buckcl where hV 0 mcasurcd vol tage - 
extrapolated voltage from the  l e a s t  squares so lu t ion  of the  response curve. 

SUFWUn OF VALUES 

(1) (2) (4) 5 .(61 (7) 
Car re l s  

(3) 
Averape of . h e o r s t l e a l  

and Experimental Values V .Hi Z f A 'I'~J 
lhompson Reported by Uh l t f i e ld  Uhic!ield Y* b. ( CO~UWI 4) 

J J 

(1962) (1973) (1974) Thim Paper Smples  cr (-eol- 3) 

' k t n n e s  hsumpt%on 

th.t YIC - Ya 
Total b- mmplu:69 

Colvmn (4) Electrode 

Q : k k m a a  39604 

l r t  I& SP? k c h n  39041 

2nd h : Corning 476210 

: h c h n  39614 



PJIALYSIS OF Car OF ~IFQRI~IA MARINE SEOIHE~S 

FOR HEAVY FIETALS 

Procedure 

A. o f  cores 

1. The following Hypogene cores -re sampled appmxlrnatrly 

every 10 cm of the core length. Depth ( I n  meters) of 

the water above each core i s  also l is ted. 

HYPO 76 2230 meters 
HYPO 116 2030 meters 
HYPO 23C 1274 meters 
HYPO 25s 1314 metern 
HYPO 3'ltiFG 2708 meters 
HYPO 49HFG 3361 meters 
HYPO 57HFG 2220 ~ e t e r s  
HYPO 59HFG 2345 meters 
HYPO 70HFG 1957 meters 

2. Sampling involved transfer o f  m a l l  portions o f  mud 

from hole i n  side o f  p las t ic  c o p  t o  labelled s c m  

cap v ia ls  usins p1astic.knlves. The hoies i n  the 

cores were'approxlmately 10 cm apart and covered with 

tape ordinarfly.  the^ screw cap v la l s  were l a b c l l d  

wi th Hypo core nurnkr and depth o f  sample tram top Of 

core ( i n  em). 

Sanples were dried inside o f  s c r w  cap vfals fo r  4 8  

hrs. i n  a 5O'C oven. 

After completely dry the samples were ground In to  p6w- 

der wi th a mortar and pestal and replaced l'n vlals. 

Replicate samples were prepared as above - one repl lcata . ' 
every 10 san~plcs 

8. D(ltr&AfiAL~a(Lch - Original P r o c c d ~ ( n a e  flow d l ~ g r m  p. 551 

1. weigh exactly 2.000 g o f  powdered sample 

2. add weighed sample to  centrifuge tube containing 10 101s 

: conc. HNO) 

3. imnedlately shake contents o f  tube in to  suspension and 

.place tube i n t 0 ' 8 0 ~ t  u l  trasonerating bath 

4. keap tuba i n  bath fo r  exactly 1 hr. wet sides of the 

.I-. - 

20-22 

0r.e haur 

0-2 
2 

7-9 

15-12 

12 

17-13 

20-22 

22 

21-23 

C. 

T I M  (rn 

0-1 
1-15 

add 10 a? Rli03/tube . Tubes 19 - 112 
: ad3 2.000 g rad to  titIO3 tubes 1g - 112 an4 place I n  bath 
wet sides of tube w/H20 4 f  foaming occurs a f t e r  p l a c i w  I n  bath 

weigh sa~p les  
wash glassware 

posit ion funnels and v ia l s  

f i l l  to 20 ml m r k  w/H20 Tubes t l  - 14 
etntr i fuge tubes # I  .- H 
posit ion f i  1 t e r  paper 
f i l t e r  tubes I 1  - $4 

f i l l  to 20 nl G r k  w/H,O Tubes 65 - fa 
L 

centrifuqe tubes if5 - PB 
post t lon  f l l te r  paper 

f 11 t e r  tubos C5 - 68 

f i l l  t o  20 nl mark wM,O Tubes 19 - 112 - 
centrifuge tubes f9 - 112 
pos i t l on  f i  1 t e r  paper 

f i l  te r  tubes P9 - f 12 

N i t r i c  Acid Leach - Revised Procedure (see f lw diagraa p .  561 

1. weigh exactly 2.000 g o f  powdered sample 

2. add weighed sample to centrifuge t u b  containfng 1 nl H20 

3. add 10 mls conc HN03 drogwlze t o  tube 

4. shake contents o f  tube In to  suspension and l e t  tube stand 

10 nins 

5. place tube i n  80°C ultrasonerating bath f o r  exactly 1 h r  

wet the sides o f  the tube i f  violent foaming occurs 

6. f i l l  tube to  20 a1 mark wi th H20 

7. centrifuge 5 mins a t  lnedium speed 

8.. f i l t e r  supernatant (Whatman lo. 1) i n t o  label led screw 

cap v ia l  

9. store v i a l  for  future Atmtc Absorp:ion Analysis 

wash glassware (using chrolmte cleaning solution) 

weigh samples (12) 

add 2.000 g sample t o  tube containing 1 ml H20 Tubes C1 - 14 
add 10 mls HMO, dropwise t o  tubes 11 - 14. l e t  stand 

tube with H20 i f  v io lent foaming vcu rs .  15 - place tubes 11-- 14 i n t o  bath -.wet s&es w/H20 i f  foaminj occurs 

5. f i l l  tube t o  20 ml ~ r k  wf t h  H20 ' 20-21 add 2.000 g sample t o  tube containing 1 ml H20 Tubes 15 - 13 

6. centrifuge 5 rnins a t  medium speed 21-35 add 10 mls Ht103 dropwise to  tubes CS - C8 l e t  stand 

7. f i l t e r  supernatant (!!atman No. 1) In to  laballed s c m  35 place tubes 69 - 112 i n t o  bath - wet sides wp20 i f  foamlng occur 

cap v i a l  40-41 .add 2.000 g sample t o  tube containing 1 ml H20 Tubes 19 - f12 

8. store v i a l  fo r  future Atomic Absorption Analysts 
41-55 add 10 rnls HN03 dropwise t o  tubes 19 - 112 l e t  stand 

55 place tubes 19 - 112 i n t o  bath - wet sides n/H20 I f foaming cccur 
' (om hour) 

1 kP3LLDI:RE 
m i i s )  15-17 add H20 t o  20 ml mark Tubes # I  - C4 

wart, glasswsrc(using C l ~ r m t e  cleaning solutton) I ?  centrifuges tubes I 1  - 64 
posit ion f i l t e r s  and col lect ing v ia ls 

welyh :ampler (12) , 22-24 f i l t e r  tubes 11 - 14 

0-2 ad4 13 n l  H:iOj tube Tubes 11 - 14 35-37 add H20 t o  20 ml mark tubes 115 - 18 
ad4 2.030 g sample t o  H:i03 tubes $1 - 14 end place I n  bath 37 centrifuge tubes .CS - i 8  
wet sldes o f  tube nIH2O i f  foaming occu& a f te r  placing i n  h t h  posit ion f i l t e r s  and collecting v la ls 

' 42-44 f i l t e r  tubes C5 - 68 
19-12 add 10 m l  HilOjltube Tubes C5 - 18 

add 2.000 g mud t o  )1:103 tubes Y5 - 18 and place i n  bath 55-57 add H20 to 20 ml mark tubes 19 - f12 

wet sides o f  tube w/H20 I f  foaming occurs a f t e r  placing i n  bath 57 centrifuge tubes 89 - f12 
(two hourr)position f i l t e r s  and collectirig v la ls  

2-4 f i l t e r  tubes 19 - 112 



PJIALYSIS OF Car OF ~IFQRI~IA MARINE SEOIHE~S 

FOR HEAVY FIETALS 

Procedure 

A. o f  cores 

1. The following Hypogene cores -re sampled appmxlrnatrly 

every 10 cm of the core length. Depth ( I n  meters) of 

the water above each core i s  also l is ted. 

HYPO 76 2230 meters 
HYPO 116 2030 meters 
HYPO 23C 1274 meters 
HYPO 25s 1314 metern 
HYPO 3'ltiFG 2708 meters 
HYPO 49HFG 3361 meters 
HYPO 57HFG 2220 ~ e t e r s  
HYPO 59HFG 2345 meters 
HYPO 70HFG 1957 meters 

2. Sampling involved transfer o f  m a l l  portions o f  mud 

from hole i n  side o f  p las t ic  c o p  t o  labelled s c m  

cap v ia ls  usins p1astic.knlves. The hoies i n  the 

cores were'approxlmately 10 cm apart and covered with 

tape ordinarfly.  the^ screw cap v la l s  were l a b c l l d  

wi th Hypo core nurnkr and depth o f  sample tram top Of 

core ( i n  em). 

Sanples were dried inside o f  s c r w  cap vfals fo r  4 8  

hrs. i n  a 5O'C oven. 

After completely dry the samples were ground In to  p6w- 

der wi th a mortar and pestal and replaced l'n vlals. 

Replicate samples were prepared as above - one repl lcata . ' 
every 10 san~plcs 

8. D(ltr&AfiAL~a(Lch - Original P r o c c d ~ ( n a e  flow d l ~ g r m  p. 551 

1. weigh exactly 2.000 g o f  powdered sample 

2. add weighed sample to  centrifuge tube containing 10 mls 

: conc. HNO) 

3. imnedlately shake contents o f  tube in to  suspension and 

.place tube i n t 0 ' 8 0 ~ t  u l  trasonerating bath 

4. keap tuba i n  bath fo r  exactly 1 hr. wet sides of the 

.I-. - 

20-22 

0r.e haur 

0-2 
2 

7-9 

15-12 

12 

17-13 

20-22 

22 

21-23 

C. 

T I M  (rn 

0-1 
1-15 

add 10 a? Rli03/tube . Tubes 19 - 112 
: ad3 2.000 g rad to  titIO3 tubes 1g - 112 an4 place I n  bath 
wet sides of tube w/H20 4 f  foaming occurs a f t e r  p l a c i w  I n  bath 

weigh sa~p les  
wash glassware 

posit ion funnels and v ia l s  

f i l l  to 20 ml m r k  w/H20 Tubes t l  - 14 
etntr i fuge tubes # I  .- H 
posit ion f i  1 t e r  paper 
f i l t e r  tubes I 1  - $4 

f i l l  to 20 nl G r k  w/H,O Tubes 65 - fa 
L 

centrifuqe tubes if5 - PB 
post t lon  f l l te r  paper 

f 11 t e r  tubos C5 - 68 

f i l l  t o  20 nl mark wM,O Tubes 19 - 112 - 
centrifuge tubes f9 - 112 
pos i t l on  f i  1 t e r  paper 

f i l  te r  tubes P9 - f 12 

N i t r i c  Acid Leach - Revised Procedure (see f lw diagraa p .  561 

1. weigh exactly 2.000 g o f  powdered sample 

2. add weighed sample to centrifuge t u b  containfng 1 nl H20 

3. add 10 mls conc HN03 drogwlze t o  tube 

4. shake contents o f  tube In to  suspension and l e t  tube stand 

10 nins 

5. place tube i n  80°C ultrasonerating bath f o r  exactly 1 h r  

wet the sides o f  the tube i f  violent foaming occurs 

6. f i l l  tube to  20 a1 mark wi th H20 

7. centrifuge 5 mins a t  lnedium speed 

8.. f i l t e r  supernatant (Whatman lo. 1) i n t o  label led screw 

cap v ia l  

9. store v i a l  for  future Atmtc Absorp:ion Analysis 

wash glassware (using chrolmte cleaning solution) 

weigh samples (12) 

add 2.000 g sample t o  tube containing 1 ml H20 Tubes C1 - 14 
add 10 mls HMO, dropwise t o  tubes 11 - 14. l e t  stand 

tube with H20 i f  v io lent foaming vcu rs .  15 - place tubes 11-- 14 i n t o  bath -.wet s&es w/H20 i f  foaminj occurs 

5. f i l l  tube t o  20 ml ~ r k  wf t h  H20 ' 20-21 add 2.000 g sample t o  tube containing 1 ml H20 Tubes 15 - 13 

6. centrifuge 5 rnins a t  medium speed 21-35 add 10 mls Ht103 dropwise to  tubes CS - C8 l e t  stand 

7. f i l t e r  supernatant (!!atman No. 1) In to  laballed s c m  35 place tubes 69 - 112 i n t o  bath - wet sides wp20 i f  foamlng occur 

cap v i a l  40-41 .add 2.000 g sample t o  tube containing 1 ml H20 Tubes 19 - f12 

8. store v i a l  fo r  future Atomic Absorption Analysts 
41-55 add 10 rnls HN03 dropwise t o  tubes 19 - 112 l e t  stand 

55 place tubes 19 - 112 i n t o  bath - wet sides n/H20 I f foaming cccur 
' (om hour) 

1 kP3LLDI:RE 
m i i s )  15-17 add H20 t o  20 ml mark Tubes # I  - C4 

wart, glasswsrc(using C l ~ r m t e  cleaning solutton) I ?  centrifuges tubes I 1  - 64 
posit ion f i l t e r s  and col lect ing v ia ls 

welyh :ampler (12) , 22-24 f i l t e r  tubes 11 - 14 

0-2 ad4 13 n l  H:iOj tube Tubes 11 - 14 35-37 add H20 t o  20 ml mark tubes 115 - 18 
ad4 2.030 g sample t o  H:i03 tubes $1 - 14 end place I n  bath 37 centrifuge tubes .CS - i 8  
wet sldes o f  tube nIH2O i f  foaming occu& a f te r  placing i n  h t h  posit ion f i l t e r s  and collecting v la ls 

' 42-44 f i l t e r  tubes C5 - 68 
19-12 add 10 m l  HilOjltube Tubes C5 - 18 

add 2.000 g mud t o  )1:103 tubes Y5 - 18 and place i n  bath 55-57 add H20 to 20 ml mark tubes 19 - f12 

wet sides o f  tube w/H20 I f  foaming occurs a f t e r  placing i n  bath 57 centrifuge tubes 89 - f12 
(two hourr)position f i l t e r s  and collectirig v la ls  

2-4 f i l t e r  tubes 19 - 112 



0. !litriEcid LedCW 2 Bischoff Method 

1. r i g h  2.000 g o f  samplc 

2. place uetghted sample i n  centri fuge tube containlnp 

1 ml H20 

3. add 10 mls conc HW3 and l e t  s i t  10-15 mlns 

4. u l  tra%oneratc w/bath f o r  20 mins 

5. heat exactly 1 h r  i n  8VC oven 

6. add 6 mls t120 and shake w/cork 

7. beat exactly 1 h r  i n  80% oven 

. a. m o t  t o  roan temp 

9. f i l l  ta Z O m l  markw/U$ 

10. centrifuge 5 mins a t  medium speed 

11. pour o f f  supernatant i p t o  glass screw cap v ta l  

E. l o n t r o l s  fo r  Leach k t h o d s  

1. u n f l l  tered- procedure exactly the same as revised 

' n i t r i c  acid leach except supernatant a f t e r  step "7" 

was poured d i r e c t l y  fnto screw cap vfal. l o  f i l t c r i r i g  

occurred. 

2. znd leach - a f t e r  the supernatant was poured o f f  I n  

revfsed n i t r i c  ac id leach, the s o l i d  sample r h a l n i n g  

i n  the centrifuge tube was resuspended i n  10 mls HMO3 

and the revised n i t r f c  acid leach was carr ied w t  again 

(2& t i r e )  beg inn fy  a t  step Fa." 

3. Blank runs - procedure exactly the same as revised 

n f t r i c  acid leach except no samplc was added t o  tube 

i n  step .2.' . . 
F. Atomic Absorption Metal Standards Preparation (Stack ~ o l u t i o n s l  

1. Standards for  2n'. ~i', ~ e ~ ' ,  pbC, ~n', m d  CU' were 

made using prepared standards from J.T. Baker Chmic t l  

Co. under tho trade name " D i l u t - f t "  

i n  each case 1 .g of metal dlssolved i n  l i q u i d  substrate 

was d l lu ted  t o  a f ina l  volume o f  1 l i t e r  d t h  H20. 

the f ina l  concentrations of the above staneards wete 1000 ppn 

the'subrtate o f  the prepared standards was as fbllan... 
Znl - ZnS04 , 

~ i '  - NiSO, 

~ e ~ '  - FeC13 

pbff - Pb(N03)2 

t4nH - MnS04 

cua - cuso4 

2. c&* standard was p r e p a d  by dt isolvtng 4.040 g CoC12.. 

GH20 in  1 l i t e r  H ~ O  for a f t m l  toC concentration af 

1000 Ppn 

3. bdfn iur  Standard m s  prepared by dissolving 2.031 g CdCt2- 

24I2O I n  1 l i t e r  H20 f o r  a f i n a l  Cdf concentration of 

4. Sample Blank was prepared as f o l l n r t  
3.6 g L C 1  

30.0 9 CaCO? I- placed in 2000 a1 vol tmetr ic  flask 

1000 11 HliO) f i l l  up b mark w/H20 

d. Standard Bland "Omppa prepared as 5 N  HN03 SOr H20 (V/V) 

. .. 
&..,. . A t a t c  Absorptlcn Metal ~ - t ? ~ I i ~ r d s  Prep:~r-atlon(1inear curve standaris!! 

1. The following ppm standards were used f o r  standard readings 

r l t h  the d f l u t i o n  factors from 1009 ppm stock solutions 

l l s t c d  t o  the r l g l ~ t  ,of l l ~ c  concentration I n  p p .  

d i l u t l d  factor ( ~ r m  1000 ppm stock) 

i. The above standards were made I n  volumetric f lasks  containing 

half vol. eoncentrated HNOj then f i l l e d  t o  the mark w i th  H20 

so that  the f i n a l  solut lon i s  % c o w  H!103 50% H20. 

8 ,  Dl lu t ion  o f  Leach Samples 

.1. Yhen sample reading o f  undiluted leach sacple was o f f  scale 

then d i l u t i o n  w i th  50% HNOJ 50Z solutron was necessary. 

2. Dllutfons were made by adding very w a l l  a l iquo t  o f  leach 

sample t o  a clean dry 50 m1 E r l e m y e r  Flask followed by 

thc remaining a l iquot  o f  50: RI03 5X H20 salution. 

3. Whenever a d i lu t ion  o f  sample was trade - the sane d i l u t i o n  
' 

O f  the sample Blank (ve) was made. 

1. Followfng i s  s l i s t  o f  d i lu t ions fo- speci f ic  elenents 

sharing al iquot volumes. 

element -- dilu t ion  A1 icuots 

~ e ~ +  1 - 4 0 0  Z O ~ / l h l s  

~ n '  1 -100 20x1 2mls 

tnC 1 -4 50 30~/1.5mls 

S - SECOND WCll 

B m BISCXOF?'S W3RIDO 



CODE FOR TRACS METAL TABLES - 
U - UNFILTERED 

l.OChT101.1 2 5 . 2 7 . 4  N 109 44.7- W FARALLOY R A S i N  ' R - REPLICATE 

S - SECOND LeACB 

E X P E D I T I D P I  NbME CbST.  (JU'-IRER/TYC'E ~ d l l - &  DEPTtl ' 
I4 

rrvpo 7 G 2230. M E T E R S  ' 
B - BISCHDFF'S ~~ 

. .  . 
'$ 
C) 

E Y P F D I T l f l N  NhYE CAST NUMBER/ TYPE WATER OEPTH 
HYPO 

- 
11 G ' ZOO0 METERS 



1-OCATlON 2flc 36.'1 El 112- 53.8 W SOlJTH SAL SI PUEDES B A S I N  --- 

5 x P E O l T l 1 7 v  W L M E  CASTrJUI*BEK/ TYPE WdTFR DEEPPI 
I+Y? a 23 G 1274 METERS . . 

! N - W E  DEPTH MFTHllO Plf. . . CU Cb cn PB F E. MN ZN 



L O C A T l l ~ ~ t  28 47 .5 '~  113 05.2 W NOSTH SAL SI PUEDES BASIN -. 

E X P E P I T I O N  N4PE CAST N X R E R t T Y P E  WATER DEPTH H 
H Y C a  25 G 1314 #ErEf;S . . 

n 
IN-CORE OE P T H  C E T Y 0 3  N 1 CU ' .  CD CO P R F E ZN m 

'?_N -- -- 

1 3  CFF T I p c T V S  1.7067 1.6903 .OR37 " -7425 713e0730.  27.6596 9.1739 % 
7 D 2.-M34 2 . 2 2 ~ ~  . 0 5 3 5 .  1 . 0 9 9  1 U O ~ ~ , ~ - ~ ~ _ Z ~ ~ L ~ . ~ ~ S L Z - . ~ ~ ~ B -  
2 0 U 2.7371 2.1064 ,a  1003 -9299 925:4?)35 32.1546 11.7357 Cn 
3 0 . . 2 .Q644 2.2729 ' " a0095 1.1005 . R450 1034.1791 32.9039, 15.0181 
3 9 3. , 2 2 . ? 6 . - - . -  2.0'199 'i06b 5. 32.9039~ . 11qt7877'' 0.213-_~!09:7'Hpbr! 194 --.. .- 

3 3 R 2.950'5 2.2438 ' .0957 .9961 1.4227. HH3.4%04 31.7192 12.9992 
? 9 s. 1.1498 . 1.0714 . . 26 00 .2Dd0 5q6.1232 23.0153 3.3730 
5 0 2 11,15f3 l.c.C)_7_2 r) Q'i0.1 ' . . 1 7 5 4 - - - 5 ? 4 9 7 ! R - 3 5 f l 1 - 2 2  -6417 9.0432- 
' 0 R 2,7669 2.0135 .. 1259 m7126 1.1737 7M0.4320 - - 10.2137 

. 5 1  2.351'3 ' 2.054'3 . i 0650  .9525 -5349 821.6173 29;0d10 F.7497 H 
6 o I_? H.e19-1~d?9_Y rOZOl a.6574 . ~ ? 2 - - ~ ? . - ? ~ 4 t - - . -  z4.7bz.l 1.1.8t92- 

. 70 3.0565 2.5335 e l362 -3359 1099.8006 37.0614 1403233 $ -1.3991 
7 0 R 2.98R3 2.4517 '-1213 ' 1.3991 1.53dO 1033.7751 3 7 so6 14 12.9052 
P C  2.71 5 4  2 4 9  17  -1661 l-!!llq 1.7784-967.7495 20.2055 7.941z- or 
3 0 2mY72d Z.53t7 .2010 1.2040 1.9250. 873-7207 22-7881 ri.9468 0 
l@n 2 -9738 2.4133 .I109 1.3954 1.6765 R7'3.7207 29.2055 10.3783 



L O C A T I Z N  25 3b.0 Ei 10'9 47.1 W CARMEN B A S I N  - 
A--. -- --. --- 

f EXPFDIT? OW NBMF CAtT NUMREF/TYPE ! ~ A T E . ' ~  DEP-TH -- I4 
HY PO 39 I iFG 2708 H E T E P S  . . 6 

= Y ~ f n l . T I ~ N  NoAMF CAST NUN!IER/TVPE W ~!..E?-!?~-?!!L- .-- - ..----..---- - - - - - - - - L - - - - -  

trv00 49 HFG 3361 MFTEHS 
1 



h 
ExPFDlTl@,'l  t.AME CAST N V h R E R / T Y P E  UJ\TFR DEPTH 

l l V F 0  5 7-FF G 2 ~ ~ ~ T E W R S  . . 
MF. 1 HOO IN-CORF DF PTH .-- - .N I. CU C D FE . c!L. P8.--- ------ C( N ZN s 



LOCbTION 24 40-1 N llrJ.OO.0 H NORTH FAPALLOt4 B A S I N  P 0 
, EYPFOITl I34 NAME C o S T  ~ U M B E W T Y P E  WATEP. DEPTH 

m -- 
H Y F C  59 HFS 2345 M E T E R S  is 

L a  

E Y P F G ~ T I O W  NAME CQST NUHBERITYPE W A T E R  O i P T H  
HVP 0 70 I iFG 1957 *FTEfiS 



INTERSTITIAL WATER CHEMISTRY 

SQUEEZER APPARATUS 

From Goldhabe= (1974, 

Plunger 

I r 7 I  B n Core liner 

Cooling jocket 

Arethane foam 

opper tubing p f"" screen 

b L!L 
11 3/8-24 Scale 

p .  378-379) PVC base 



HYPO 76 

(1)  D i s s o l v e d  I n  pore w a t e r  . .  
Repor ted  as m l c r o m o l e / l i  t e r ;  a n a l y s t s  by  inethylene blue.colorhtt)  
Measured a t  2OC. 

4 )  CaCOj and a c i d  s o l u b l e  f r e e  b a s i s .  

A p p r o x i m a t e l y  
IOcm o f  surface 
sediment was l o s t  
d u r i n g  hand1 i ng 
on deck. 



HYPO 2 1  G HYPO 30 G 

In growth post- a t  cm. I t lon.  

( 1 )  Dissolved in pore water 

( 2 )  Measured a t  10 '~.  

Dissolved i n  pore water 

Measured a t  % ~ O C .  
Core i s  

distinctly 
brownish green 
over the e n t i r e  
length. 

Gas pockets 
1 Frequent 
s;nd layers 
many large 
she l l s  a n d  

formed a t  2 .  Top 10 cm 4 .  Pore water 
l o s t  during changes from 
handllng on c l e a r  to  a 
dec,k. yellow t inge 

,200 cm. 
Section 0-30 

i s  mottled w l  th 
darker colored 
mater ial .  

fraqments some'3. Black layer 1 ~ 1 t h  depth. 



HYPO 38 G 

Z HtS U c U2S L/ T8S-8 U T*8zd U 
Depth 64- Alb- oil 

Inter .ral l i n i t y  U ~ o l o r l -  
X % UC03 cz;f.t "f V 4-& 

(en) .n tsS4% n c p / ~  m t c l c  s % a t  ~ t .  In14 w 
M 

46.5-50 
so- 55 
55- 60 
61- 65 
65-  70 

7.93 
0.30 + 0.3 0.18 - 1.e 4., 

lo. 2 
4.0 

n.o 
73.3 

7.99 Y.0 
0.21 -10 0 . 7  - 7.1 * a  ..&? 6 190 

n.o 

1. Dissolwd i n  pore wrtot 
2. Maaurod st 2 ' ~  
3. CaC03 and acid 8olobL. Cr8* hslr 

eganeral renmrk 
Copth interv& 0-3s cr i. brorrn 
Depth intetval 3 9 4 1  ca L. btwn md bled motthd 
8 . 1 0 ~  43 er I #  groan mud 
sand layar st 230 a under by a 1 on thick l i q h t  p m n  L.pr *kh, la tam, 

i 8  undaclair by 1 a tklck black layare 



. - .  . - F.9-9 . P.S2-8 

so:' L/ Wqanla Cubon 

-Pa Alb- .w 
mtervrl . linitjV Colori- m o s i t y  enired p& D ~ Y  nt. ad4% E df x . x wet w t .  rpn 

(ern) 
un .~r s s 3 k  mag/& metrio samples Sample. 

I. D 1 s . o l ~ d  i l h  w* m- 
a. masurea a t  a C 
3 caC% and aald  aoluble m e  b 8 i m  
4: meraps of gporoaitya asd h o n o g m r 3 . . d *  &- Cm O..C1 

.4- *T$f :o-;'oL$m i s  broua w i t h  &her mtt lem,  tha temlnsn e l  tb. --i. 
homogeneous green mud. 



, ELECTRICAL RESISTIVITY IN. CORES 

Data by Robert F'. Corwin and Ugo Conti 

SAMPLE BASIN DE?TH IN CORE FORMATION MEAN WATER POROSITY 
CENTIMETERS FACTOR CONTENT % 

HYPO 23G Sal Si 
Puedes-S 

HYPO 2 5 ~  Sal Si 
Puedes- N 

HYPO 39HPG Carmen 

HYPO 4 5 G  Fatallon 

HYPO 46HFG Farallon 0-40 1.88 60.15 
41-80 2.11 57.00 
81-120 2.64 57.90 

121-160 1.95 63.51 

1) FORMATION FACTOR = (BULK RESISTIVITJL)/(RESISTfVITY OF FLUID) 

2) BY OVEN DRYING 



HEAT FLOW 

Hypogene Expedition HFt 
1mUln.a K 

st.. n o r t h  m a  . - c o = B a a  sottm  AT^ dT2 dT3 ""4 Lnetra- flcmIpc em - p ~ / c d  r 
9 

NO. mt. ~ong. ~ e t e r a  'Yf. Cc, 
tion, cm rc) (*a PC) W m k )  InWtrn2) 

4OHr-4m 

5SHF-4m 

6lHP-4m 

64HF-4m 

65HF-4m 

66HF-4m 

6BHF-4m 

69HF-4m 

31 nm 

34 HPC 

39 Hn; 

46 HPG 2 5 3 1 4  109'49.7' 3240 2.318 0.18 0,10 0.11 279 7 7 3  3.0 (126) 

0-1580 158-2190 

57 WPC 25.11.1' 109°41.6' 2255 --- 1.14 0.36 219 1.71 (-71) .10.0 e4PO) 

0-92- 9 2 - 1 U a  153-214- 214-275- 

$9 HPG 25'40.0' 109.59.3' 2380 1.362 0.21 0.098 0.09 0.10 275 1 6  7 1.5 (105) 

0-123a 123-18401 184-245cm 245-306m 

67 HPC 23-48.7' 109.07.2' 2435 4 1  0.06 0.015 0.023 0.027 306 1.62 8 0.8 131) 

t Depot Intcnala for Al? ATt 0 - 140 em; AT2 9 I40  - 240 ern: AT3 =240 - 340 ern; AT, - 340 - 440 em, unlcaa dtflemt I n t d m  Ihm a- T valwa. 
05 - dl-meale 1alun 

NA 9 not rppllemblc . z 

From Lawver and others (1973, p. 200) 
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Equilibrium and Dynamic Aspacts 

of t h e  Marirm Geochemistry of  Sulfur  

by 
buria?. oC the  s u l f a t e  ion  is estim8t.d f o r  several  cores. 

Martin Bruce Goldhaber ~ssWning a d i f fus ion  coei mZsec-', d i f  f u- 

~ o c t o r  of philosophy i n  Geochemistry s ion  is predicted to be n n b u r i a l  i n  a l l  

University of California, Los Angeles, 1974 cores studied, although t h e  re la t ionsh ip  betveen t h e  two 

Professor Isaac R. Kaplan, Chairman processes d i f f e r s  f r ~  care  t o  core. - 
m he dominance of  diffusion w e r  b u r i a l  is g r e a t e s t  f a  

~ - -  

!f i c i e n t  c 

m e  imp01 

This  d i s s e r t a t i o n  dea l s  with the geochemisby of  sul- 

f u r  in nearshore, organic s i t t e r- r i c h  marine sedimnts .  

such environments the nnjor process a f fec t ing  su l fur  geo- 

chemistry is bac te r ia l  reduction of s u l f a t e  ion, producing 

dissolved sulf ide.  Dissolved su l f ide  subsequently r e a c t s  

with i ron oxide producing metastable i ron  s u l f i d e  and even- 

t u a l l y  i r o n  pyri te .  The p y r i t e  su l fur  may be present  i n  

l a rger  amounts than s u l f u r  o r ig ina l ly  buried with the  sedi- 

ment. implying s o m  a c t i v e  t ransport  mechanism of  su l fur  

i n t o  sediments. The s t a b l e  isotope r a t i o ,  s ~ ~ / s ~ ~ ,  i n  the  

p y r i t e  is s h i f t e d  toward lower values than a r e  found i n  tho 

s t a r t i n g  sulzate .  

Because teac t io ru  i n  aulf uf diegenesis accut. i n  aolu- 

tierr ant3 invol- diesdlved sulfid*, en appii)Priatll f t b r t i h g  

point  is  a descript ion of its chemistry. Accordingly, 

laborutory mcasurcmcnts ware nude of tho UppclrQnt 
-. - -. - . 

dissoc ia t ion  canstan- of hydrogen sulfide. The f k a t a p -  

parent  dissociat ion ~ m t a n t  MS masured as a Function of 

temperature and seawater ch lor in i ty  by a spectrophotometric 

technique. The second apparent diesociat ion cons-ntwas 

evaluated a t  constant temperature i n  pot;rssium chloride 

so lu t ion  by s u l f i d e  s p e c i f i c  ion and pH electrode measure- 

ments. The r e s u l t s  ind ica te  t h a t  dissolvad s u l f i d e  i n  pore 

waters of m i n e  sediments e x i s t s  predominantly a s  the bi- 

mulfide ion (70-90% of  the  total) followed by hydrogen sul- 

a core f rom Pescadaro basin in t h e  Gulf of  California. It 

is e s t i w t e d  t h a t  d i f fus ion  adds 0.4% s u l f u r  by dry weight 

o f  sediment, whereas b u r i a l  of  s u l f a t e  adds l e s s  than 0.1% 

sulfur .  The data a r e  consis tent  with a d i f fus ion  coef f i-  

c i e n t  of the s u l f a t e  ion  frcm 0.5 t o  0.8 x lo'= cm2sec". 

It is shown t h a t  d i f fus ion  can add i so top ica l ly  light: sul-  

f u r  to sediments due tofmore rap id  r e l a t i v e  addi t ion of 

~ ~ ~ 0 : '  ~0-ttd t o  ~ ~ ~ 0 : -  down a concenkxation gradient  

m i n t a h a d  by bacterial processes. The w e r a l l  i so top ic  

value of  t h e  suLfate s o  added is 6~~~ = -4.5% . The depth 

d i s t r ibu t ion  of sulfate-S isotopes i n  pore water i a  con- 

e o l l e d  by the balance between a b a c t e r i a l  k i n e t i c  isotope 

e f f e c t  p re fe ren t ia l ly  removing s32 over s34, and t h e  suppl 

at! scrtfate by diffusion.  Ilska i so top ic  ExacCfsnatibn faeec 

a, calculated by a mathematical formulation which takes 

diffusion i n t o  account is larger  (1.060 f 0.010) than wher 

s u l f a t e  reduction is assumad t o  occur i n  a closed system 

(1.035). The l a r g e r  value is supported by the  s u l f u r  iso- 

tope d i s t r ibu t ion  in metastable i r o n  sulf ide.  Essen t ia l l j  
tb. mum open systam a ms d c u l a t d  fo r  a COrQ from 

Carmen basin. 

~n appreciable pore water Su l f ide  concantration can 

r e s u l t  i n  a flux of su l f ide  su l fur  by d i f fus ion  counter tl 

the s u l f a t e  flux. This  s u l f i d e  can enrich Ula surface 

layers '  i n  diagenet ic  sulfur. The effectiveness of back 

f i d e  (10-3096). The su l f ide  ion comprises <1% of the to ta l .  diffusion of  s u l f i d e  may range from a b w t  4 s  of the Sul- 

The remainder of  the  study deals  with sedillrnt cores f a t e  f lux  down t o  0%. ca lcu la t ion  of  the r e t u r n  s u l f i d e  

taken from the  southern Cal ifornia  borderland and the  ~ u l f  flux was obtained by considering a chargo balance con- 

of  Cal ifornia ,  from which pore waters were recovered by 

mechanical aqueerinq. The chemistry and i so top ic  abundance 

of  sulfur  i n  the  pore f l u i d s  was compared to coexist ing 

s o l i d  phases t o  deduce the  mechanisms involved in p y r i t e  

formation. 

The r e s u l t s  suggest t h a t  burrowing a c t i v i t i e s  of  

benthonic organisma a c t  t o  supply s u l f a t e  ~ul fur  ta sedi- 

Grits. This is inferred by e s s e n t i a l l y  constant  pore water 

concentration p r o f i l e s  of  dissolved ions i n  horizons where 

s t ra in t .  Jn the  Santa Barbara Basin su l f ide  does no t  es- 

c a p  from the  sediments, b u t  is trapped by rap id  reac t fan  

with i ron  oxide. In other  environments s u l f i d e  m y  be 

mixed ou t  of the s e d h n t s  by burrowing organisms. 

The r a t e  of s u l f a t e  reduction is pos i t ive ly  cortclat 

with sedimentation r a t e ,  which may i n  tu rn  e x e r t  a contrc 

on the  r e a c t i v i t y  o f  the s e d i e n t e d  organic carbon. The 

v a r i a b i l i t y  i n  r a t e  of biological  s u l f a t e  reduct ion is nc 

paral le led by a s imi la r  v a r i a b i l i t y  i n  t h e  r a t e s  o f  inor- 

su l fa tu  reduction is demomtratcrl by the proaanco of k o n  ganic react ions involved i n  s u l f u r  diaganeais.  heref fore 

sulf ides .  The mixing process is l imited t o  the upper half  in: rapidly deposited s e d h n t s ,  a buildup occurs of intex 

meter of t h e  sediment column. rhediates i n  the  p y r i t e  pathway sud; a s  dissolved su lz ide  

Below the mixed zone, t h e  r e l a t i v e  importance of addi- and metastable i r o n  sulf ide.  

t ion  Q Z  s a l f a t e  i n t o  ssdinent~ by d i f fus ion  a3 campared to 



HEAT FLOW MEASUREMENTS IN THE SOUTHERN 
PORTION OF THE GULF OF CALIFORNIA* 
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Twenty-five new h e ~ t  flow measurements made In thc Culf of California are presented. All the values except 

two at  the mouth of  the Gulf and two in the &1 si Puedes basin are high. The values ranged from 2.0 to greater than 
10 pcal/cm2 sec (82 to > 420 mw/rn2) with eight values greater than 5.2 (210 mw/m2). Due to high rates of sedi- 
mentation throughout the Gulf, the actual heat flow, in many cases, may be up to 25% greater than that recorded. 

Most of the heat flow stations are concentrated in the Farallon and Guaymas basins and show a marked increase 
towards the central deeps, where new crust is believed to be forming. The heat flow values in the Farallon basin 
show a sharp peak 10-15 km southeast of the central depression while those in the Guaymas basin peak in the 
depression. 

The heat flow profiles across the Guaymas and FaraUon basin, are remarkably similar t o  those observed on other 
well sedimented spreading centers such as the northerfi portion af  the Explorer trough. Thus they may provide 
evidence that the crust is being created by an axially symmetric intrusion process with a major loss of heat due to 
hydrothermal circulation. The absence of magnetic anomalies in the Gulf has been attributed to the supposed pres- 
ence of large grains in the intruded basalt. Large grains form by the slow cooling of the basalt under a layer of sedi- 
ment. Promine~lt magnetic anomalies have been observed on the northern portion o f  the Explorer trough. Observif- 
tionnl data suggest that the thermal processes at  this ridge axis and the center of the Farallor. basin are identical. We 
,usest  that further careful study is needed in the Culf before the slow cooling model is accepted as an  explanation 
for the attenuation of the magnetic anomalies. 

Lawrence A. Lawer 
University of California, Ssn Diego' 
Marine Physical Laboratory of the 
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David. L. Williams ' 
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A B S T W  

A of 10 heat-flow measurenents was made in  t h e  southwest Cur- 

depression i n  the  Culf of California. The 10 values describe a bell-shaped curve 
2 with a naxinm of 30.3 H N  (1,250 mN/m ). The depressions i n  the Gulf a r e  

consi2ered t o  be surface expressions of recent extensional motion. Attecpts t o  
model the shape and magnitude of the observed anomaly indicate that the intrusion 
responsible for the Cuaymas anomaly is episodic. Inversion o f  the heat-flow 
anomaly y ie lds  an age of 12,000 2 5,000 years. This age is consistent  with the 

width o f  intrusion observed on a s e i m i c  retIectfon profi le .  Ihe  intrusion 
appears t o  bb about 1 bs wide and can be accounted for  by a 30 m/yr spreading 

r a t e  f o r  17,000 years. This nost recent intrusion may be par t  of a l a rger  

intrusion roughly 100.000 years o ld  tha t  has intruded c rus t  presumed 400.000 

years old. Ihis implies t h a t  the  intrusions i n  the Cuaynas Basin a t e  not only 

episodic i n  place but junu s i t e s  of intrusion. This would help explain the lack 
of magnetic l ineat ions observed i n  the Gulf. The background heat  f lux  f o r  t h e  

Cuaymas Basin is n e r d y  uni fom a t  3.4 t - 5  llFU (135 i 20 mli/m2) which suggests 

terrperaturcs near 20o0c, a t  a kilometer deep near the assumed basement sedinent 

interface. nris. couplcd with high heat flow above the intntslons, makes t h e  

Gulf of  California one of  the  nost important geothermal prospects on t h e  Earth. 
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Tenperature-Salinitv-Dwth Prof i l e s  from Deeps i n  the  Gulf of California. Durilig 
llypogene expedition (March-April 1972, R/V Melville) e igh t  closed deeps i n  Sa l  S i  Puedes. 
Guaynas. Carmen, Faral lon,  and Pescadrro ba-the Gulf of Cal i fornia  vere  probed t o  
inves t iga te  the  possible  exis tence of Red Sea type hot  b r ine  pools. A t  each deep, s t a-  
t ions  vere  made consis t ing of (A) a hydroeast with 5 md 30 l i t e r  Niskin b o t t l e s  v i t h  
revers ing thermometers and a temperature telemetering pinger b e l w  the  bottom b o t t l e ;  
(B) heat f l w  measurements: and (C) a large diameter gravi ty  core. No anamalous hot 
b r ines  ve re  found a s  (1) the  temperature decreased i n  a11 cases with depth and (2) t he '  
s a l i n i t y  throughout the v a t e r  column vas  normal with the s a l i n i t y  of the  bottom b o t t l e  
(0 t o  5 meters off  t he  bottom) never exceeding 34.9 O/oo. The acoust ic  s igna l s  from the 
temperature telemetering pinger v e r e  recorded on both PDR and GDR depth sounders and 
v e r e  used t o  construct  temperature-depth p r o f i l e s  which vere  compared t o  absolute tern- 
perature  and depth values obtained from revefs ing thennometers. The values of tempera- 
t u r e  behreen the t e l e c e t e r  and t h e  thermometers agreed t o  within  0.25'~ a f t e r  correct ion 
was made f o r  a fixed ca l ib ra t ion  e r r o r  of 0.50°C. I n  shor t  t he re  a r e  present ly  no Red 
Sea type b r ine  poola i n  the  major basins  of the Culf of California. 

0127 
Pat  Wilds 

Inat .  Mat?. Resources 
Dept. of C i v i l  Eag. 
Univ. of Cal i fornia  
Berkeley, Cal i f .  94720 

8. V. Ienard 
C. Shaman 

Ceol. Rw. Dlv. 
Scrippr Inst.  OceaaographY 
La Jo l l a .  Cal i f .  92037 

A t t i v i t y  Coeff ic ients  of ~ a + .  cC, ~g*, ~a*. and K* i n  See W&Ws ftos tk Gulf of Pa t  Wild. 
Ca l i fo rn ia  by Shipboard Electrode Measurements. The apparent a c t i v i t y  c o e f f i d e n t  (y) o f  Inat .  of Xarine Resourcen 
aome of the  mdor  e l e w n t e  i n  s e a  vo te r  was measured on the  R/V Ke lv i l l e  during Hypogene Dept. of C i v i l  Eng1neerin.g 
expedition t o  ;he Culf of California. The ana ly t i ca l  technique consisted of (1) making Un..ver#itg of Calif o rn ia  
four  s e r i a l  decade d i lu t ions  i n t o  the  Debye-Huckel range of water from hydrocasts i n t o  Berkeley. Cal l£  o d a  94720 
the  bas ins  of the  Culf; (2) measuring the  e lectrode response of the  sample and i t s  ra r i -  
ous d i lu t ions  v i t h  an a u t m a t i c  multi-channel electrochemical w t e r ;  (3) c s l cu la t ing  by 
the  l e a s t  squares method the  s lope  and in t e rcep t  of the  response curve (mi l l ivo l t s  versus  
p Ion) i n  t h e  d i l u t e  region vhere y + 1;" (4) eolving f a r  the  apparent y i n  undiluted mer 

r {AV] + la yrPCbydUbl *here AV - neasurhd m l t a g a  - ortto- LL yqpatmt RC 
polatad vol t rge.  Zbc composircd MM values f o r  el l  hydrocast.  are: 

yNa - .76 (63 samples) 0 - 0.08 
-fCE - ..73 (58 samples) V - 0 . U  
yng - -31 (32 samples) a - 0.14 
yCa - .15 (61 samplee) a - 0.13 
yK * .68 (31 samples) 0 - 0.15 

m B P W I C A L  MURm IN SEA WATER FROM THC C W  OF CALIWMtU 

I. O P ~ o m  A c r l v r n  C o m I C ~ S  

ABSTRACT f *  
 he o g e r a t i ~  u t i w i t y  coe f f i c i en t  y: t 2 L d ; i i m ~   ad 

"i 
evaluated for ~ n p l e s  fram hydrocasts from eight  basins  in the  Gulf of 

Ca l i fomla .  he analyses consisted of (1) mkbp. f o r  each a m p l e  four 

a e r i a l  decade d i lu t ions  i n t o  the  Debye-~uckei 'range. (2) w a s u r i r y  the 

d e e t r o d e  response of each aampla plua t h r  various d l l u t i o m  v i t h  a 

multi-chapnel e l e c t m c h c n l u l  meters (3) calculating, by a s c r d n g  the 

eooservaaq of s e a  cater. a l e a s t  squares a o l u t i m  o f  the  mlectrode reepoaBe 

curve i n  the  d i l u t e  range *re y14* 1: and (4) aolving fo r  i n  t e a l  s u  

water by ln yt - (AV) + ln yl Dabye-luckel whet. AV - measured rol ta l .  - 
rxtrapolated voltage froa t he  l e a s t  squares 8olution of the response c u m .  

I b e  compoeited mean value f o r  a11 hydrocu t s  are: 



'Why no ho t  brines?"  

The Gulf of Cal i fornia  is s t r uc tu r a l l y ,  geologically,  and geophy- samples e i t h e r  shoved no d iscernable  trend o r  f o r  Hypo 39 G (Carmen Baain); 

s i c a l l y  lib tha  Red Sea, has hovn geothe-1 and hydrothermal m i n e r a l i ~ a t l o n  "Hypo 49 G (North Pcscadero Basin); and tlypo 70 HFD (Mazatlan Basln) a decrease 

on t he  adjacent  Peninsula of Baja Cal i fornia ;  but a s  the  Hypogene Expedition i n  the  meta l l ic  content wi th  depth. 

demnst ra ted  t he  Gulf present ly  does not have e i t h e r  (1) ho t  b r i ne  pools or , Tho geochemical conditions a t  the  sen water-aediment i n t e r f ace  and in 

(2) pro to-ueta l l ic -ore  sediments i n  its basins.  Whether t he r e  ever  were hot  marine bottom sediments i n  general favor the  f i x ing  of m?.tallic i o m  in  min- 
I 

br ines  i n  the basins o f  the Gulf c e r t a i n ly  is a moot question a t  t h i s  s t age  of l e r a l  phasea r a the r  than as dlsaolved species.  This  l a  demonstrated by Eh-pH 

the  analyses of the  data. Lawe; and h i s  co-workers (1973, 1975 i n  prep.) r e p o r t l d i a g r k . ( S c h m i t t ,  1962) f o r  the metals Co, CU, N i ,  Pb, Fe, and b f o r  both , 

,. * 
exceptionally high beat  Elow values f o r  the  Guaymas, Farallon, and- Sa l  S i  Puedes the  oxidizing and rcducing conditions and the s l l g h t l y  o l k l l n e  pH found i n  

basins.  However cores  from these  basins do not  show the  mineralized f ac i e s  found marine environments, except t h a t  Mn tends t o  be dissolved i n  lov Eh environ- 

in  the  br ine  pools of the  Red Sea a s  described by Bischoff (1969) and the w e t -  ments. Comparison of the  analyses of i n t e r s t i t i a l  water i n  the  cores from 

lying wster temperature is normal. Of course, hot  water o r  high heat  flow does Goldhaber (1964) wi th  the  meta l l ic  values i n  the sediment show a co r r e l a t i on  

not necessar i ly  mean hot brine8 o r  mineralizing so lu t ions .  As Craig (1969) has of high values of Ni, Cu, and- Nn near the  tops  of t he  cores  wi th  (a) low a lka-  

shavn the  high s a l i n i t y  of t ha  hot  br ines  of the  deeps i n  the Red Sea o r i g ina t e  I l i n i t y ,  (b) hfsh sulfate- low sul f ide ,  and (c) r e l a t i v e l y  high Eh. lhis ~(rggcs t  
i 

by the passage of hot water through s a l t  bede. This exeese s a l i n i t y  makes the  I t h a t  the  a c id  leach technique is more e f f i c i e n t  i n  breaking down oxides than 
I 

Red Sea br lnes  denser than t he  overlying water keeping the  br ine  i n  the  basins.  / s u l f i d e s  o r  t h a t  t he r e  is a r e a l  enrichment i n  the  near sur face  zone. A pore  
I 

Thus the lack of br ines  i n  the Guaymns, Sal  S i  Puedes, and Para l lon  basins,  i n  complete d iscuss ion  of the  d i r ec t i on  of t he  meta l l ic  f l ux  w i l l  have t o  await  

the p r e smse  of high heat  flow simply pay indica te  t h a t  no s a l t  depos i t s  were , t h e  da ta '  from the  complete mineralogical and metal analyses now being done by 

encountered i n  the  upward migration of the  geothermsl f l u id .  1 G. Arrhenius a t  Scripps. 

The meta l l lc  content of the  sediments, given by t he  ac id  leach tech- .  ! Although we can s ee  no evidence of po t en t i a l l y  economic deposi t s  f r m  

nfque, shows (1) r e l n t i ve ly  low values i n  the  basins wi th  high heat  flow and the  ac id  leach analyses o f  the  Hypogene cores, is there  a p o s s i b i l i t y  of econ- 

(2) genera l ly  higher values i n  the  southern bas ins  wi th  respect  t o  the  northern omic concentrations previously formed but now buried a s  a r e s u l t  of the  present 

basins.  The me ta l l i c  content co r r e l a t e s  inverse ly  wi th  the r a t e  of sedimentation r e l a t i v e l y  high r a t e  of sedimentation i n  t he  Gulf? The samples w l t h ' t h e  higher 

(Van Andel, 1964; Goldhaber, 1974) i n  t he  Gulf. This suggest a s  a f i r s t  approx- me ta l l i c  values come from the  Mazatlan bas in  which Is more r e l a t ed  t o  t he  East I 
imation a constant me t a l l i c  f l ux  i n  the  Gulf wi th  the absolu te  concentration ' p a c i f i c  Rise than the  Gulf. The Mazatlan bas in  and possibly the  G u a - ~ s  bas+ 

determined by d i l u t i on  wi th  non me ta l l i c  sediments. The values f o r  Cu, Ni, Fe, should he a t t r a c t i v e  s i t e s  f o r  f u tu r e  Deep-Sea Dr i l l i ng  o r  I.P.O.D. operations.  

m, Zn, and Pb in the  sediments a r e  higher than i n  sea  water, but whether the As t h i s  sec t ion  is e n t i t l e d  "Afteruord" p lease  do not  consider t h i s  I 

f l u x  is from o r  towards t he  overlying Water column is d i f f i c u l t  t o  determine. "FinalWord". The fo r t y  days of Hypogene has produced a wealth of in t r iguing 
Only Hypo 11 G, from tha  Guaymas basin, shows a decrease i n  me t a l l i c  content 

da ta  whose i n t e rp r e t a t i ons  by the  numerous research workers is and w i l l  be 

towards the top  of the coro sugsastlng a f l ux  tovnrds sca  water. h e  othor core  
.-- 
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'Why no ho t  brines?"  

The Gulf of Cal i fornia  is s t r uc tu r a l l y ,  geologically,  and geophy- samples e i t h e r  shoved no d iscernable  trend o r  f o r  Hypo 39 G (Carmen Baain); 

s i c a l l y  lib tha  Red Sea, has hovn geothe-1 and hydrothermal m i n e r a l i ~ a t l o n  "Hypo 49 G (North Pcscadero Basin); and tlypo 70 HFD (Mazatlan Basln) a decrease 

on t he  adjacent  Peninsula of Baja Cal i fornia ;  but a s  the  Hypogene Expedition i n  the  meta l l ic  content wi th  depth. 

demnst ra ted  t he  Gulf present ly  does not have e i t h e r  (1) ho t  b r i ne  pools or , Tho geochemical conditions a t  the  sen water-aediment i n t e r f ace  and in 

(2) pro to-ueta l l ic -ore  sediments i n  its basins.  Whether t he r e  ever  were hot  marine bottom sediments i n  general favor the  f i x ing  of m?.tallic i o m  in  min- 
I 

br ines  i n  the basins o f  the Gulf c e r t a i n ly  is a moot question a t  t h i s  s t age  of l e r a l  phasea r a the r  than as dlsaolved species.  This  l a  demonstrated by Eh-pH 

the  analyses of the  data. Lawe; and h i s  co-workers (1973, 1975 i n  prep.) r e p o r t l d i a g r k . ( S c h m i t t ,  1962) f o r  the metals Co, CU, N i ,  Pb, Fe, and b f o r  both , 

,. * 
exceptionally high beat  Elow values f o r  the  Guaymas, Farallon, and- Sa l  S i  Puedes the  oxidizing and rcducing conditions and the s l l g h t l y  o l k l l n e  pH found i n  

basins.  However cores  from these  basins do not  show the  mineralized f ac i e s  found marine environments, except t h a t  Mn tends t o  be dissolved i n  lov Eh environ- 

in  the  br ine  pools of the  Red Sea a s  described by Bischoff (1969) and the w e t -  ments. Comparison of the  analyses of i n t e r s t i t i a l  water i n  the  cores from 

lying wster temperature is normal. Of course, hot  water o r  high heat  flow does Goldhaber (1964) wi th  the  meta l l ic  values i n  the sediment show a co r r e l a t i on  

not necessar i ly  mean hot brine8 o r  mineralizing so lu t ions .  As Craig (1969) has of high values of Ni, Cu, and- Nn near the  tops  of t he  cores  wi th  (a) low a lka-  

shavn the  high s a l i n i t y  of t ha  hot  br ines  of the  deeps i n  the Red Sea o r i g ina t e  I l i n i t y ,  (b) hfsh sulfate- low sul f ide ,  and (c) r e l a t i v e l y  high Eh. lhis ~(rggcs t  
i 

by the passage of hot water through s a l t  bede. This exeese s a l i n i t y  makes the  I t h a t  the  a c id  leach technique is more e f f i c i e n t  i n  breaking down oxides than 
I 

Red Sea br lnes  denser than t he  overlying water keeping the  br ine  i n  the  basins.  / s u l f i d e s  o r  t h a t  t he r e  is a r e a l  enrichment i n  the  near sur face  zone. A pore  
I 

Thus the lack of br ines  i n  the Guaymns, Sal  S i  Puedes, and Para l lon  basins,  i n  complete d iscuss ion  of the  d i r ec t i on  of t he  meta l l ic  f l ux  w i l l  have t o  await  

the p r e smse  of high heat  flow simply pay indica te  t h a t  no s a l t  depos i t s  were , t h e  da ta '  from the  complete mineralogical and metal analyses now being done by 

encountered i n  the  upward migration of the  geothermsl f l u id .  1 G. Arrhenius a t  Scripps. 

The meta l l lc  content of the  sediments, given by t he  ac id  leach tech- .  ! Although we can s ee  no evidence of po t en t i a l l y  economic deposi t s  f r m  

nfque, shows (1) r e l n t i ve ly  low values i n  the  basins wi th  high heat  flow and the  ac id  leach analyses o f  the  Hypogene cores, is there  a p o s s i b i l i t y  of econ- 

(2) genera l ly  higher values i n  the  southern bas ins  wi th  respect  t o  the  northern omic concentrations previously formed but now buried a s  a r e s u l t  of the  present 

basins.  The me ta l l i c  content co r r e l a t e s  inverse ly  wi th  the r a t e  of sedimentation r e l a t i v e l y  high r a t e  of sedimentation i n  t he  Gulf? The samples w l t h ' t h e  higher 

(Van Andel, 1964; Goldhaber, 1974) i n  t he  Gulf. This suggest a s  a f i r s t  approx- me ta l l i c  values come from the  Mazatlan bas in  which Is more r e l a t ed  t o  t he  East I 
imation a constant me t a l l i c  f l ux  i n  the  Gulf wi th  the absolu te  concentration ' p a c i f i c  Rise than the  Gulf. The Mazatlan bas in  and possibly the  G u a - ~ s  bas+ 

determined by d i l u t i on  wi th  non me ta l l i c  sediments. The values f o r  Cu, Ni, Fe, should he a t t r a c t i v e  s i t e s  f o r  f u tu r e  Deep-Sea Dr i l l i ng  o r  I.P.O.D. operations.  

m, Zn, and Pb in the  sediments a r e  higher than i n  sea  water, but whether the As t h i s  sec t ion  is e n t i t l e d  "Afteruord" p lease  do not  consider t h i s  I 

f l u x  is from o r  towards t he  overlying Water column is d i f f i c u l t  t o  determine. "FinalWord". The fo r t y  days of Hypogene has produced a wealth of in t r iguing 
Only Hypo 11 G, from tha  Guaymas basin, shows a decrease i n  me t a l l i c  content 

da ta  whose i n t e rp r e t a t i ons  by the  numerous research workers is and w i l l  be 

towards the top  of the coro sugsastlng a f l ux  tovnrds sca  water. h e  othor core  
.-- 
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