
DEPARTMENT OF THE INTERIOR 

US. GEOLOGICAL SURVEY 

Cruise Repwt for EEZ-SCAN 86 C m h  F3-U 
Zhemchng Canyon and Central Aleutian Bash, Bering Sea 

August 6 through September 1,1986 

1 James V. Gardner , Herman A. Ka gl, Qocntin ~ u ~ ~ e t t ' ,  and 
Harris, M. 

Open-File Report 86-597 

Thisrepartisp&~nndbwtka,rcviMfor~d@aithUS.Geologieal~ 
editarhl standards and shtigmphic nomendahme. 

'US. chobgicd Survey, Menlo Park, CA 94025 %nstitnte of Oeean~nphic Sciences, Wormley, 
U.K. 



MTRODUCTION 
From August 6 thrwgh September 1, 1986, a joint U S G S l '  gmphysicaf. suwsrwcy of the centd 

1978; Swinbks, 1986)- - h m ~ I  digitany recorded 1603-in aigun seipslc~flection, 3.5 kIIz 

higil-nsddm seismic xedeaiuh 10 kHz bdpmy,  gravity* and gmdbm* magnetic paing !zy!& 

terns. The auk!, zihe xcond of three EEZ-SCAN in 1986 in the Bering Sea, mvmd 8509 lizlc 

kilometers and M e d  appoxhately 200,000 hn2. Seventeen hours of -sit were required from 

Jruhch Hahurt AK before lthe m y  began land 42 hours of &t were rtecessar)t from the point where 

t h e c m k ~ r n r e t u r n m ~ h ~ .  T b e G L O R I A ~ w a s d o w n o n l y 5 b m w t o f  

tltc 564 horns (0.9%) of the enire mwey* 

Leg 3 was designed to continue the m y  of the central Aleutian Basin and Beringian margin 

that was begun by the pevim leg (CarIson et d., 1986). The mums for tfac m y  were pdle l  to 

those esmbbhd dnriag cmise FZ-86 and were 1300 and 310'. Traclilines w a e  spaced 

a ~ ~ 1 y  2-lon apart over the steep continmtal slop of tfmt Beringh margin and appmxhae,ly 

30-Ion apart over the Aleutian Basin (Figure 1). AU of the seismic systems d the gradiometer were 

~oyladwhmwcLwnillawzcuzhefirstG~RIAsmvey~~aflsystem~~~whenwc 

completed the last GLORIA m e y  lime. This scheme allowed the maximum time m; be spent m thc 

slllrreyareaand far aansit toand from the smvcy9ffa to beatrelativelyfastsped 

The m c y  began northeast of Ribiluf Canyon and continued toward the northwest over the epper 

continental slape. The tmkhe  orientations over the continental dope must be parallel to the eontom 

completed the entire c o n ~ r i t a l  slope m without mishap ardl then e x p d d  our trackline m g s  to 

the muham 30 km that would @& about 5 km of overlap as we sumeyed the deep waters of 

AleutianJhin. Tht m y  pgnwd mthwcstwafd toward the Aleutian Arc and was terminated 

kcawe of time just norhast of Bowers Ridge. 

The washer and sea states were gad ~ u g h o u t  the cruise and only one fine had to be altered 

k c m e  of adverse sm~ Ail of the equipment prfmed well and only one h e  had to be intempted 



kcam of equipment fail- 

Table 1 is a list of the scientiljc paswsel that sailed on cruise F3-8dBS. 

TABLE 1 

Gardner, J.V. (USGS) 

W g e t t ,  Q. WS) 

Krtl.I, ICTSGS) 

Beney, M. IIQS) 

Dean, WE. (IJSGS) 

Grey, A. CIOS) 

Harris, M, 00s) 

Koaker, L. (USGS) 

0'8- T. (WSGS) 

Rothwell, G. (IOS) 

Torresan, M (USGS) 

Walker, R. (IOS) 

Wittle, S. 00s) 

Chief Sckntis 

Chief Scientist 

Chief Scientist 

NaG- 

Geologist 

Airgun En- 

Sr. GLORIA - 
EIeetronics Technician 

Elmmics Engimz 

-W-=Ph- 

Geologist 

GLORIA Engineer 

Airgun Technician 

EQUIPMENT REPORT 

GLORIA pformed well h u g b u t  the entire survey. Leg 2 (F2-8bBS) eqmknced problems 

with beam steering that were diagnosed as being due to mss-wkd electronics. wired. The beam 

stewing electronics w m  checked out pior to wr dephm and then tested in Dutch H .  harbot by 

steering the ship in several different courses with GLORIA in the gantry on deck and o b s e ~ n g  the 

digital compass. The beam steering was w&ig comctty before we d m  



T%e initial GLORIA sonograph wae striped p p d c u h r  to the ship track. The problem ms 

tracked to the slrip's auabpilot, which was set ta mmct the come with a recovay time of abut 80 sce 

rather than abwt 10 Coaxquently, the ship wm steering a wiggle came and GLORIA was 

y a w i n g ~ ~ ~ i t c y c I e , a t ~ m o r t t h a n d K ~ m 8 & g r e w ~ c a n b e e a m -  

yt& by the beam steering. The autopilot was reset to carcct for any deviation away from the 

come gaiter than 1.5 ibgrees and the recoda immdateIy impmvd 

T k  digital compass on the GLORIA fish failed after abut a week of surveying. This was con- 

sidered szim enough to mnd the m y  to repsir i~ Because k. compass is located in the tail 

secbd~fisbittoolcoaly5boars~~ofthelioenntiltheruannptioad~mm 

repair the corn-. The depth mmr and ternpmture shermmkter, which atsa failed about one week 

inoo the survey, would have required tm much time to repair and were deamed not critical to the sra- 

vey so were left inopwative. 

Tk mdwes&m p t  of the F3#BS survey emamtered the mmtk i n m n c e  on the 

GLORIA imagay similar to that which vexed the F2-86-BS sumy. The interfennce may be a Lloyd 

mirror effect ( U r i a  1983). 

Airgun Seismic-rejkction profling system 

W e  mam6gured the Mwxunp/seismic-reflection profiling sy- into a datalogging system so 

that the seismic system is not affected when tk Mssscomp crashes. We installed the DAFE programs 

on the Masscomp and placed dl DAFE wo& in backgmnd with the NICE uption. W e  found that the 

~ p w a r s , ~ ~ b y D ~ ~ e n t r ) t b t l t w o u I d d ~ t i m e m t i m e i f t h e D ~ ~  

werreditedwithbVIedim. W e c h o s e t o ~ ~ e u s i n g ~ D A P E b u t k f t ~ e d i t i n g f o r p o s t  

clruise pmcesing. 

When we a- the ship all of the seismic systems electronics were checkd wt, We f w d  

that tb trigget-puk voltage was not matched at the LSR mmder and the bandpass filters were not 

m r l y  wjred, The mismatched frim-pulse voIEage w causing the recorder rn not print the scans 

ctmectlybecausethc~=Op~w~notstrongenoughto~ptheprintcircuit, Thehproperly 



~ b a n d p a s s ~ ~ w o u l d b v e l l o t @ v e n y s  the£reque~~:y~chatwehghtweweteremding.  

These probllms were mmcetd kfm de- and did not give ua my trwbtc thoughout the cruise. 

We shot the s c h i c  system at 10-secand intervals and recorded for dsea,nds using 4 &scan, 

120 h&inch with 70/15 hz bmdps atem. Tbe wa&rcollrmn delay wmhd ffawldy. 

We experiemed broken airgun sbnttles twice during the mh. This is an uausual fairme and 

caused some debate as to thc problem. We decided it was fatigued shuttla brought a h t  by extended 

use rather than cold water or im- assembly. 

The 3.5 krHz system WOW but the recorder did give ns some problems. A bad 1C board in the 

programmer of the LSR was diagnosed but we had no spares, We lost severat burs of data over the 

c ~ d s l o p e m k ~ w a s t e b u i i t .  O a o e ~ t h e ~ ~ n o ~ ~ M e ,  

Gr&llpeser 

The &radiometer was recovefed at the end of F2-86-BS with the slave jug missing. We had to 

change out the entire gradiometer cable prior to departure from Dutch H a r b .  Then were no spares 

a ~ t o ~ t h c d a r n a g e d m & s o i t m s i m p ~ ~ k l m ~  

O n c e d e p 1 o ~ w e f d t h a t t h e ~ e t ~ t c h a r t r e c ~ h a d b e w w i r e d i m x # r e c t I y a n b ~  

recorder was rot morritmhg gradient Howwer, kame both master and slave valucs were being 

recorded qmately on magnetic tap, we determined it not prudent shut the system down for a day 

?o effect repairs on it. 

The slave jug got very noisy but we had no spares to cmect the problem so we had no recourse 

but to continue to m11ect noisy dam 



WedidnotkwaIandmetertemalreaM~ein&~hEEarbor. WedidrecasdkdocLloca- 

tion, ship's psition at the dodi and the spring tension and gravity values 6mm thc ship's meta prim to 

departtae. Draingthecreisctbesttipchart~~derraticaIlyprod~g~hbotbspring 

W o n  and e t y  dm. The reconk was =built and th system down. Three days kfm 

the tedruti011 of thc cruise the gxarimeter Wed becam an amplifer bad bmed  out B e c a s ~  it was 

1 7 3 0 h m a F r i ~ ~ t o a ~ d a y w e e f r e n d ~ i n M e n l a ~ , a n d b e n c e n o t h i r r g c w l d b e d a n e  

t o h e f p a t , w e s i m p ~ y ~ I h e s y s t e m .  

XBT-GOES system 

The system worked without failme dmhg tbe c m k  We steep thmnoclims throughout 

tbesllnrey- W e ~ t h i s t o t b l n i l d w ~  ~ t b a r . ~ t h t o a g h ~ r r u i S e ,  

No p b I m  WCIC mamtmd famzdzirrg the XBTs cwer tfit stadmad rail. 

Navigation 

We had GPS, hyprblic Lam C, NNSS satellite, and Omega systems avdable to us. The 

Northstaa~C~tgavepowsigd-ta-~~~rethetwoMNSLoranCUnitsonthe 

bridge- Ahmt two weeb  into shc cruise it was fwnd that the Northstar Loran C interface box had 

been impmperly installed. The instructions state lhat the interface box can be nu p t e r  than 6 feet 

awayfkmbc~mputer, i t i t W g S l 1 2 f e e t f r o m  theunit. Thchterfaxboxwasrnmedaadtbe 

NartfisrarbmnCsignal~s?m@impwd~IyI 

Ship's If 0 VAC electriGal supply 

There continued to be a lot of probIem with the 110 VAC power EO the geophysics lab during 

thE early phase of the c m k  Eventually tht power spikes were hfated to a cyclic 20 amp I d  on the 

system ly the Camm copier. me copier was put on its own transfamet and m further problems w m  

enmunuzed with the electrical system. 



The mgmhticm of b e  mube dowed us to amtmt a d  in-t a shipboard mosaic of 

shipbmdqmmsed GLURIA images, compiIe sbuctt.rre cm- and total sediment thic- maps 

f r o m t h e ~ ~ c o m p i b e d e ~ e d ~ ~ , 8 n d o o m p i t e a ~ t i c ~ y m a p E r r r m ~  

data collezted. From t h e  cornpilaw we hare ck4hced the following preliminary obsmahs.  

The entire margin, kl&g b m c h u g  Canyon (Ftgme 2). appam to be coltapsing through - 
wasting. Hundreds of small feeder can- most with Only sribu?&s, am oq@& into a 

few majm cbmeIs at tht base of rhe slape. nie majw channeb m are e x m y  sin- and levees 

areubiquitops. ~ . e n t ~ ~ ~ a n I y s e e n o n t t E e ~ ~ a t l : r e l i e f ~ t l s t m i d ~ I o p e s r t a d  

d e e p  is sediment highs, pmmably levees or large bk&i of margin that have collapsed and been 

ttansportea dmmlope, Gullying is pmmmed throughwt tk slop. Gullying of the levees has, in 

m 8 1 ~ y ~ ~ b r i ~ t h a t a p p a & t b & e h a r m e l w i t h a ~ n a r m a t t o t b e ~ ) l a n t z e E ,  

' I l h e f l ~ ~ r s o f b m ~ ~ I s  typidIyaretflted from,bmktobmk Ofterzathalwegcan be seenon 

b 3.5 H b  a ~d of lthe ~ h d S  have -s, suggesting smgeS of ~ O W I I C U E ~ ~ .  The 

main channeIs can k followed m the suhnfhe on the a- records artd n m m  buried cbannets 

c a n b c ~  

The origin and dmeIopment of 2hemchug Canyon appm to be as IIoIlows: Up mtiI sometime 

in the Pkene the Beringian margin in the area of Zhemchug Canyon was straight with nmmms, 

Sman-de canyoas d gullies. Sometime in the P2iaene (in mid-Pliocene if we m h t e  wr data to 

DSDPSitc 19O),alaPgeolistagtrome(~ l o x  10Qhn)boakeaway f h n  tbemargin.ddidinrm 

along the faults caused the "winged" tqmpphy of Zhemchug Canyon. Additional otisoommes slid 

down the margin imorct, clogged the sahent patha, and farmed a complex pattern of dun- 

rPela Eventually, tb channels in the proximal region - into a few dominant channels. a u t h  

of the iniW olistozrtrome blmk the cham1 has small levees h t  die out within abaut 30 h of the 



bkxk Tht olktodmna have been heady guUied may well be a mjcw same of sediment to h 

channels. The volume of sediment tmqmed to drc a b y d  plain hm Zhemchug b y o n  a m  

insi@cant ampred to that funnelled down Bering Chad .  

T h  riirgrm recad show a pmmund, nhtivefy fiat-lying reflector qpan which dl tbe f i e f  bas 

b e n b d t .  ~~eetarmbemapped~ghouttbtbowletslopeoudit~many~~mtbe 

upperoneseoondof~ectarsmtheabyssa lp~  Appmntly , thcref lect lor i s thed8eethat~  

the bransitim from pelagic or at least distal hemipelagic sedimmtation to predominantly hemipelagic 

&psitian, 'Ihe h m m d  hemipelagic dmenta tb  was a d t  of the increased migemmi fltm pm- 

r i d t d r n t h e ~ ~ t h e ~ ~ o f t b e ~ o f z b e ~ f i o n t  

T k  Aleutian Basin southwest of Zhemchug Canyon, beyond the Eargt olismmnes, has a 

cresent-shape zone of bedform that m y  lx tbe of the olistostmne front A major deepsea chm- 

rathtz a sMm, gently sl-g featme with a wen-demlaptd Ievee on the mrth side. The fmtt of ?he 

levae is fled w k m s  tbe k k  side (lee side) is mmmnted with large Worms, similar to those 

seen aa M a r m y  Fan. We cannot &fine any submarine fan, senso sm'cto, but rather a fI* continuous 

depitiwraI surface. Tire large "Being deepsea channelw has ctevasse splays to tfie south and braided 

fa- h i t a r  to the patterns found pmxhd deepsea hash? west of California (EEZSCAN 84 

Scientific Staff). k i n g  deep= channel is the most prominent of three channels that can be followed 

onto h e  Aleutian Bash, and this suggests to us that it has k e n  the principal conduit for sediment tran- 

sport into Aleutian Basin. ' T k  channel cannot ix followed in the subsurf8ce on airgun recad, which 

s~g%eststous~sheetflowbbeenthednmjnantpnrccszr. TheumthmWmarginfromjustnarthof 

Prim Canym @gurt 2) arteading to the nuth end of -hug Canyon apZ#aently has not provided 

much sediment to Aleutian Bash. otber than to tbc immediate proximal arurs of the lower slope. 'Ihere 

is no appreciable cmtimntd rise, but rather the abyssat plain abuts rather abruptly into the dope. This 

is additio'nal evidence that the continental margin has not been a major source of sediment to h e  Aleu- 

tian Bash. 



a sheet-flow fan system Rmcmwi backscaw pattam of high and law intensity cannot be correlated 

easily with any reflectivity pattmm on ihe 3.5 Hz. Featms on the irtlages interpt.eted to be d W  

flows ttansparted fram the east, pmnabIy coming off Umak Pirtteau mgmt 23, onIrtp the sbt-flow 

depatp of Bering Faa H m l  the 3 5  kHz racords show that the &bris flows artd the sheet flows 

m both blankmi by about 10 meters of conformable @mumably pelagic) s d h n t .  Consequently, 

~~entationinlthe~sec~ofthesrrrveyareaappearstohbeenmmativehWp 

Hulame. The ~ b ~ s  and sheet-flow depats of Bering Fan that vesr to she southwest a p p r  ta 

A n ~ g ~ ~ e ~ f r o m ~ f l o w s f r c r m B o w ~ R i d g e ~ g u ~ e 2 ) i s ~ n  inthesouthwest 

and n d d  onto Bering Fa, Here again, the a m d c  backscatter is mmmlated with 3.5 k.Hz 

reflectivity* 

SmdI anyom and gdlies ate carved in tfie %a& of Bcmm Ridge, but there av no i n d i d o m  of 

sediment qmm at the base of the ~ g e .  The 35 kHz nmrd shows >70 rn of p d o n ,  and the se& 

iment lab pwc, with no had surhe reflector. TIE aiSgun data show a reflector rising W depth 

and merging with S U K ) ~  ~flecm so that the vpper zcodcally matif~d unit is conrped of two dis- 

tinct submits. The GLORIA and airgun data from the base of Bowers Ridge suggest that Bering Fan 

ssdiment has to the northwtst because of the bathymetric barrier of Bow- Ridge, Bowers 

Ridge apparently is a very minor d m n t  source to the basin, W on the lack of my debris aprons 

or even any tapogmphic expression of sediment accum&tiOfl~. 

T h e ~ b a t h ~ t h a t w e h a v G c o l l e e t s d m ~ t h a t t b t ~ ~ o f A f e u t i a a B a s i n i s  

tothe~ofomsmveyatrlea,andthcab~pbgendydopesfromEtoWtowardthcdeep. How- 

ever, Bering Charmel, which enters om survey area trending SE, & a series of gentle h d s  to the 

mth SO that by gbsut 200 la into our survey a m  the channel is m&g almost due south. The 

channel p r o p  is a s u b  feature on seismic data but a distinct low-bacb feature on GLORXA. 

Numerous cxemsse splays =cur on both side of the channel and a small levee persists on the N Side. 

As the levee was builk the channel flowed toward the muth, tmsvefsc to the regional bathyme~c g r a m  



client The cause of his  Mdm is Imbtown. The channel-levee complex covers an area gmter than 

35,000 h2. The channel mv- about 300 km in om area and then brralrs up into distributary sys- 

tem. The only e v i m  of sediment transport frun Zhemhug Canyon onto the a b y d  p b  is l o b  

W e  cmtn conltinuwsly map wmk basement, even at depths of 3.5 sec, and am see that bsement 

does not e o n d  the channel-levee complex There are no indiations of buried channels clr levees 

heath  the chamel-levee complex and the acoustic mtigmphy tracb unintermptd beneath it and 
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