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Geological and Operati on Summary, 

A t 1  antSc R i  chf i el d Northern G w l  f of Af as ka 

COST Wel 1 No. 1 

By J. G. R o f m ,  F. 0.  Chmelik, G. ti. Stewart, 
R. F. Turner, H. H. Waetjen, and J. C. Wills 

This open-fil e report i s  presented i n  accordance ni t h  regula- 

tlons which require that geophysical and geological data and 

precessed informatfon acquired from deep s t r a t i g r a p h i c  t e s t  wells 

en the Outer Continental Shelf {OCS) be made a v a i l  able for publlc 

inspection following the fssuance o f  the f irst  Federal lease within 

50 geographic [nautical) miles (92.6 km) o f  the drill  s i t e .  Tracts 
I 

i wf t h i n  50 geographic miles of t h e  s f  t e  o f  the A t l a n t i c  R i c h f i e l d  

Northern Gulf  of Alaska COST Well No. J were offered for sale in 

OCS Lease Sale No. 39 on A p r i l  13, 7976 ,  and the f i r s t  leases 

became ef fect ive  June I ,  1976.  

the  folf owing data are a v a i l a b l e  f o r  pub1 i c  inspection a t  the 

o f f i c e  o f  the  Oil and Gas Supervisor, Conservation Division, 

W. S. Geological Survey, 800 "Att  St., Anchorage, Alaska 99501, 

Logs : 

Dual induction latcrofog w i t h  S,P. 

Borehole compensated sonic log 

Compensated neutron log--density w l t h  gama ray 

Saraband sandstone analysis 

Mud log 

7 



Geol e g i  cal and biological data: 

We1 1 cuttings 

Geochemical analysf s of cut t ings 

€7 emental analysis of cuttings 

V i t r i n i  t e  reflectance analysis 

B l o l  ogical s i t e  survey 

Operat1 onal data: 

We3 1 eompl e t i o n  report 

Well hjstory 

The A t l a n t l c  Richfield Northern Gulf  o f  Alaska  COST We1 1 No. 1', 

whlch will be referred t o  generally as "the COST we1 1'' hereafter, 

war drilled on OCS Lease Tract 7 96, Block 1382N - 76E, OCS Map 7-7 

[Icy Bay), t n  570 feet  (774 rn) of water approximately 

29 ( s t a tu te )  m i l e s  (46 km) southwest of Cape Vakataga, Alaska, 

19 miles (30 km) from shore ( f ig .  1). The s i te  i s  approximately 

3 miles ( 5  km) from Tract  241, whlch was leased in the April 13, 1976, 

sa7 e. 

The COST we31 was drilled as a deep s t r a t i g r aph i c  test t o  

acquire i nformatfon on the structure, stratigraphy, and geochemistry 

o f  the unexplored area, Twenty-six companies shared the costs  o f  

dri 11 l ng; A t 7  ant? c Richf iel d Company served as operator for t h e  

group. The U. S, GeoJoglcal Survey received geolagical infomati on . 

f rom thfr well, as required by the permit. - 

On July 18, 1975, At1 a n t i c  Rlchf Jel d Company was issued the 

f i n a l  pemSt t o  drill a 16,500-foot (5 ,029  m) deep s t r a t f g r a p h l c  





test well t o  test the hydrocarbon potentjal o f  the lower p a r t  o f  

the Yakataga Formation. Because the COST we1 1 was drilled 

primarily far geologic i n f oma t i on ,  i t  was located intentionally 

i n  a syncline to reduce the p a s s i b i l i t y  o f  penetrating s ignif icant  

quantities o f  hydrocarbons. The we1 1 was spudded on July 22, 1975, 

and pf ugged and abandoned a t  a t o t a l  depth o f  5,150 feet  (1,570 m) 

relative t o  the rotary Kelly bushing ( R K B )  on October 10, 1975; 

var ious dri 1 l'l'ng and weather prabl ems had so slowed progress 

t ha t  it was unl i kely t h a t  the ob jec t i ve  portion of 'the Yakataga 

Formation could be reached prtar t o  OCS Lease Sale No, 39, and 

therefore the participants considered continuation a f  t h e  p r o j e c t  

t o  be uneconomic. 

This report expresses all depths i n  the well i n  f e e t  below 

the rotary Kelly bushing ( R K B )  because t h a t  i s  the u n i t  in which 

the o r i g i n a l  measurements were made. These depths may be converted 

to depths' f n  feet below mean sea level by subtracting 32 feet. 

This introduction, the  summary and conclusions, and the 

sect ion on well d a t a  were w r i t t e n  by G. H. Stewart. J. G. Bolm 

and J. C. Wills wrote t h e  sections on rock characteristlcs and 

geophysical log interpretation and strat igraphy.  The sections on 

pal eontol agy, geophysics, and environmental considerations were 

wrftten by R. F. Turner, H. H. Waetjen, and F. B. Chrnefik, 

respectively. 3.  G. Bolm coordinated the overal J w r i  t - ing o f  the 

report. 



WELL DATA 

Summary Of Well Data 

Lease designation: Unleased 

Well name and number: Atlantic Richfield Northern Gulf of Alaska 

COST .We1 1 No. 1,  OCS 75-60 No-;--l -- 

Location: 

x = 381,781 .66 

y = 6,631,345.39 

Block 1382N - 76E, OCS Map 7-1 (Icy Bay) 

Latitude: 58O48'N 

Longitude: 143O06'W 

Classification: Offshore deep s trat igraphic t e s t  

Elevation: Rotary Kelly bushing 32 f e e t  (10 m) 

Water depth: 570 fee t  (174 m) 

Spud date: July 22, 1975 - 

Date to ta l  depth reached: September 3 ,  1975 

Completion date: October 10, 1975 

Status: Plugged and abandoned 

Total depth: 5,150 fee t  measured depth 

Plug-back depth: 651 f e e t  measured depth 

Operator: At1 an t i c  Richfi el d Company 

Participants: 

A1 -Aqui ta ine Exploration Limited 

Amerada Hess Corporation 
.. 

American Pe t ro f i  na Exploration Company 



h o c a  Production Company 

Atlanttc Richfield Company 

BP A1 as ka Incorporated 

C i t i e s  Service O i l  Company 

Cont inenta l  011 Company 

Diamond Shamrock Oil and Gas Company 

Exxon Company, U.S.A. 

Getty Oil' Company 

Gul f O i  7 Corporation 

Marathon Oil Company * 

Mobi 1 O i  7 Corporation 

Pennzo i 1 Company 

Phillips Petraleum Company 

P7acld Oil Company 

Shell Oil Company. 

Skelly Oil Company 

Standard Q i  1 Company o f  Cal i forni a, Western Operations 

- Incorporated 

Sun 037 Company 

Tenneco Of1 Company 

Texaco Incorporated 

Texas Eastern Exploration Company 

The Superf or Oil Company 

Union Oil Company o f  California 



Pri nci pal contractor: Gl obal Mar3 ne f ncorporated 

GLOMAR CONCEPTION--Dri l 1 j ng vessel 

Support contractors and services: 

Arthur Levy Boat Service Incorporated--supply and anchor- 

hand1 i ng boats 

Byron Jackson Incorporated--cement 

EM He1 icopters  I ncorporated--he1 icopters, ambulance aircraft 

Oceanographic Service Incorporated--weather forecasts 

Offshore Logtstfcs of Alaska--supply and anchor-handling boats 

Ot! s Engl neerl ng ~ o r ~ o i a t i  on--wi re1 i ne and subsea t e s t  tree 

{standby) 

0 '  Nei 11 Invest igat f  ons--f nvestigation services 

Pac i f i c  Ton Boat and Sal vage Company--safety boat  

Geosci ence contractors and services: 

Arnoca Productj on Company--el emental analysis 

Anderson, Warren and Associates--mf cropal eonto1 ogy 

Aquatronics Internatfonal Incorporated--geophysical survey 

A t l a o t i c  Richffe ld  Company---vitrinite reflectance analysis 

Baraid DfvSsian NL Industr ies Incorporated--mud l og  

Geochem L a b o r a l o r i  es Incorporated--hydrocarbon source f a c i  es 

analysis 

Schl umberger Offshore Services--el ectric we1 l 1 oggi ng, 

wf re7 i ne services 

Seismograph Servf ce Corporation--bi  rdwell velocity survey 

Tetra Tech Incorporated--biol ogical surrey 



Operatf onaf Data 

Mud program: The drSltfng f l u i d  used i n  the mud program for the 

in? t i a l  1,000 f e e t  (305 m) o f  drf Iled hole below the ocean f l oo r  

was salt water. From this p o i n t  to t o t a l  measured depth o f  

5,150 f e e t  a fignosulfonate mud was used. A mud log was made from 

measured depths o f  1,477 t o  5,150 feet .  

Hole dimensions: A 36-inch ho le  was drilled t o  a depth o f  

94 f e e t  (29 ni) below t h e  ocean f l oo r  (696 f e e t  measured depth),  

thence a 26-i  nch ho7 e t o  899 f e e t  (274 rn) be1 ow the ocean f 1 oor 

(1,507 f e e t  measured d e p t h ) ,  and an 18-inch hole  from 899 f e e t  

(274 m) t o  a to ta l  depth o f  4,548 f e e t  (1,386 m) below t h e  ocean 

f loor  (5  ,I 50 f e e t  measured d e p t h ) .  

Open hole t e s t s :  No conventional drS 11 stem tests  were run. 

Cores: Nei ther  conventional cores n o r  rSdewa77 cores were taken. 

Samples: 120 samples were taken a t  30-foot  (9.1 rn) i n t e r v a l s  

from J ,501 t o  5,150 feet measured depth. 

Geochemical analysls: 60 c u t t i n g  samples f rom 1,501 to 

5,040 f e e t  measured depth. 

Elemental analysls: 7 cutting samples from f ,620 t o  5,130 f e e t  

measured depth, 

Mlcrefossil analysis: 41 cu t t ing  sarnpl es (a2 1 avai  Jab1 e sample 

material ) from 1,500 t o  5,150 f e e t  measured d e p t h .  

Vitr lni te  ref1 ectance analysis: 19 cutting samples from 1,500 

t o  5,f 00 f e e t  measured depth. 



Surveys: 

Geophysical logs: 1,477 t o  5,150 fee t  measured depth. 

Dual induction-1 a teroJ og--2-inch and 5-1 nch 

Borehole compensated sonic log--2-Inch and 5-inch. 

Compensated neutron formation densi ty--5-f nch only. 

Compensated formation densi ty  log--5-inch only  

Birdwe77 seismfc velocity survey: 1,450 to 5,090 f e e t  measured 

depth. 

Hole deviation: The well was drilled as a vertical hole. A t  

total depth the hof e was cl assi  f ied as straight. 

Pipe record: 
Casing 

Size - Depth set Hole s i t e  CementSng record recovered 

30 inch - 677 feet  36 inch 750 sx "G" w /2  %% 37 feet  
GEL t 1200 s x  "G" 

20 inch 1 ,473fee t  2 6 i n c h  1,475 sx " G " w / 2 %  36 Feet 
GEL + 400 sx "G" 

J 3 3 / 8 i n c h  5 , 0 7 0 f e e t  187nch 2 , 5 0 0 s x t t G " w / 2 ~ %  31 feet 
GEL + 400 sx ''GI1 

NOTE: Drill floor 32 feet (10 rn) above mean water l eve1 , water 

depth 570 f e e t  (174 m), 

Operational Probf ems 

Several factors contributed to r l  ower-than-antici pated 

progress and led to the abandonment o f  the well short o f  geologic 
-*  - 

objectives: 

1.  S o f t  clay bottom. Several attempts and use o f  a specially 



fabrjcated base plate were required t o  seat a gufde base. A t h i n  

layer of unconsol idated clay, i d e n t f f i e d  i n  the pre-site high 

resolution geophysical survey, presented technical d i f f i c u l t i e s  

1 i ke those fn Cook Inlet and o f f  the Mississippi Delta. 

2. Oif f icu l  t dril l  ing and hole control problems. Drill ing - 

o f  unconsolidated deposits containing gravel and boulders slowed 

the dri l l i ng. 

3. Adverse weather. One severe storm i n  September and other  

weather d l  s turbances caused considerable delays. Severe s toms I n  

the f a l l  and winter  are to be expected f n the Gu7 f o f  Alaska. 

Weather was abnorma7ly severe in September, b u t  over the  entire 

operating per iod stoms were no more frequent or intense than 

they had been i n  previous years. 

4. Dril l ship' 1 imi ta t ions.  The GLOMAR CONCEPTION i s  not 

designed t o  conduct con t i  nueus dri 11 i ng opera tlans under rough 

sea condl t fons.  She I ac ks motion-cornpensati ng equipment such as 

has been instal 1 ed on newer GLOMR vessels and some o the r  dr i1  J 

s h i  ps far 'improved performance in rough seas. 

5. Deep water. Operation i n  570 f e e t  o f  water contr ibuted  

t o  delays, especially when dfver assistance was needed. 

6, Mechanical problems with 13 3/8-inch casing, Between 

670 and 708 f e e t  measured depth a leak and damaged casing in the 

13 3/8-1 nch casing s trdng caused consi derabf e delay and presented 

a potential obstacle t o  successful completion o f  the wel l .  

Continued operations would have requf r e d  an unplanned s t r i n g  o f  



casing and eliminated the opt ion  of a protective string a t  some 

greater dep th ,  thereby reducf ng f l  ex i  b i  1 f ty far deal 1 ng w i t h  

problems t h a t  might have arisen as drif 1 ing proceeded. 



ROCK CHARACTERISTICS AND 

GEOPHYSICAL LOG INTERPRETATION 

The COST we1 l penetrated a sequence of gtaciomarf ne conglom- 

erate, sandstone, sfltstone, and mudstone. Few, i f  any, clean 

sandstones were penetrated, Coarse cl ast lc  intervals were 

typical ly described in the mud 1 og as "congt omerate, unconsol 1 dated, 

i n  a matrix o f  sands tone and s< 1 tstone, w i  t h  pebbles o f  igneous 

and me tarnorphf c rock." Sf 1 tstone Z s the domi nant f i ne-grai ned 

material, b u t  some "stfcky clay" was mentioned In the mud log. 

The geophysf eal-1 og evat uatf on o f  t h i s  we1 1 i nc7 udes the 

derivation o f  fernatSon pcrosf t ies ,  f l u i d  r e s l s t i v i t i e s ,  water 

saturations,  sand percentages, and 7 i tho1 ogy (clay- and shale- 

indicator) crossplets. . 

Geophysical and mud logs were for the  interval from J ,477 t o  

5,750 f e e t  measured depth .  

There were no formation t e s t s ,  no formation f l  ulds recovered, 

and no conventional or sidewall cores taken .  Therefore, a l l  

interpretatfons o f  f l u i d  resistivities and rock characteristics 

have been made on the basis af mud and geophysical Jogs. 

The rocks e x h i b i t  poor reservoir potenti a1 . The coarser 

cl a s t f  c interval s are J argel y congf omeratic w i t h  sands tone, 

s i ' t  tstone, and mudstone matrices. Crosspl o t s  of sonic, neutron, 

and density d a t a  i n d i c a t e  a high clay or mud content and low 
'- . 

e f f ec t i ve  pasosi t i es .  



Reservo! r Characterf s t i c s  

According t o  the  S,P. log coarse elastic mcks comprise 

894 f e e t  (272 m) , 24 percent o f  the total logged section. The 

coarse cfast ic  intervals arc defined by S.P. deflections of 

20 t o  40 millivolts. The intervals are generally not "blockyx' 

S.P. deflectf ons,  b u t  are of a "sawtooth" nature which ref1 ects  

the conglomeratic nature o f  the material. Thickness o f  the u n i t s  

averages 50 f e e t  (15  m) and ranges from 6 t o  309 f e e t  (2 t o  94 m ) .  

Apparent porosities derived f r o m  the density log average 

24.5 percent; those derived from sonic and compensated neutron- 

logs average 40 percent because o f  h igh  clay o r  mud content and 

the presence o f  carbonate cement. E f  fec t lve  poras i ti es are 

probably very 7 ow (see f igs  . 2 and 3 ) .  

Formatjon water r e s i s t i v i t i e s  der ived f r o m  the S.P. log are 

thought t o  be unre7 iable because of t h e  low permeability of sandy 

intervals. A plot  o f  deep-inductfon res js t lv i ty  versus density- 

derived porosity an log-log paper indicates that a l l  sandy 

intervals are  100 percent water-saturated,  and extending the 

R, l i n e  t o  100 percent poros i ty  indicates formation water resist- 

i v i t i e s  are in the range o f  0.1 t o  0.3 ohm-meters. This range 

seems rather h i g h  for a marine environment; the h i g h  cf ay or mud 

con ten t  and the presence o f  carbonate cement and resulting low 

permeabi 1 i t y  may have hampered accurate determinations. 



Figure 2. M-N p l o t  for A t l a n t i c  Richfield Northern Gul f  of Alaska 
COST Well No. 1 (Method from Schlumberger, 1972). 
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Figure 3. Neutron-density crossplot for ~ t l a n t i c  Richfield 
Northern G u l f  of Alaska COST Well No. 1 (Method from 
Schlumberger, 1932). 



L i  tho1 ogy Crosspl o ts  

The prjmary purpose o f  the lithology crossplots was t o  

es t ima te  clay content or "shaJiness." Exarninat.Fan of well 

cuttings indicates that the shale base line o f  the S.P. log 

represents intervals o f  siltstone rather than true shale; the 

relative abundance o f  this siltstone constitutes the "shal iness" 

o f  any given interval  i n  the fol low1 ng discussion. 

Because the sonic and neutron log response 7s greatly 

affected by the presence o f  clay o r  mud, crossplott-lng sonlc and 

neut ron response versus the density log response can gl've an 

approx imat ion of the "degree of shal iness"  o f  the f o m t i o n s .  

Three types o f  I l tho1 ogy crosspl o t s  , a1 1 Schl urnberger ( 1  972, 1 974) 

methods, were attempted: 

1. - MID lmatrix identificatfon) pf at. The MID p l o t  was 

found to be largely unworkable i n  t h j s  well because the sonic  . 
t r a n s i t  tfme values were so 21015 as t~ be o f f  t he  usable past  of 

the Schlumberger chart. Table 1 shows the high ~t values of the 

crossplot data fntended f o r  the  MID p lo t .  

2. M-N crossplot. The M-N crossplot ( f i g .  2)  uses calculated 

parameters ( tab1 e 2) rather than parameters derived from charts, 

For the COST we? 1 , nearly a1 1 pl ottcd points, from sandy and 

s i l t y  intervals alfke, plotted i n  t h e  "approximate shale region" 

of the lithology crossplot. 
-. 

3. Neutron-dens1 ty crosspl ots,  Neutron-densi ty  crosspl o t s  

are useful as clay or "shal lnessn indicators. The plotted points  



Table  1. MID Lithalogy Crossplot Data for 
A t 7  a n t i c  Richfield f lorthern G u l f  o f  A1 aska 

COST Well No. 1 

Polnf ~fhSU?LD DEPTA PCHL PI br At-(*) pma(a] 
(feat) (sandslane) 

1 (sand) 187S-8a 36 7.75 135 off chUr 2.7B 

2 Ishal .  1930-110 31 2.P 119 off chart 2 . N  

3 (shalcl 2030-40 36 2.M 118 off  chart 3 -87  

k C s a d l  313Q-Ma 33 2 7  131  o f f c h a r t  7.75 

5 (shalt) 23uS-SS 36 2.5 33u off chart  2.80. 

f tsxafe) '2630-7700 U 3 2 -27  ' 1U1 off chart 2-92 

B (sand) 9835-95 31 2 1  ls5 of f  chart 2-72 

9 (si l t)  1928-30 b .  f . S J  8 1  $1.5 1.61 

11 Isandl 9230-35 *-? 2.2 f Y Z  m f f  chart 1.87 

12 [shale1 3t95-3500 36 2.38 115 off  chrR 2-87 

la ( I  usho-50 r a 9-17 1 C 5  off e h e  o f f  chart 

~r Csirrd) ~ I ~ O - C O  - s f  2.2 130 -if charf 7-90 



T a b l e  2. Caf cula ted  ti thology Crossplot Data f o r  
A t l a n t i c  Richfiel d Ndrthern Gul f of Alaska 

COST Well No. 1 
I 

.- 
POI AT nE4suRtD DEPTH PCHb pa ar btf-bt* Cnf-En 

(feet) (sandstone) P b - n f  ~ b - o f  



i n d i c a t e  percent nshale" as a percentage o f  t o t a l  volume and 

ef fect ive pomsity. P.s can be seen from the crossplot of the 

coarse clastlc i n t e r v a l s  ( f i g .  31, Y shale ranges from 35 t o  

95 percent, and e f fec t1  ve porosities are genera7 Jy 1 esr than 

10 percent. 

Geothermal Gradient 

The highest recorded temperature on the dual f nducti  on- 

laternlog, run 7 hours after c l rcu la t fon ,  was lf5OF ( 4 6 O C )  a t  

5,150 f e e t  measured depth. Assumjng a mean annual surface + 

temperature o f  45°F - (7OC.1,  the geethem1 grad ien t  is 7 .37V per 

100 fee t  (Z.48°C/100 m) o f  depth. 



STRATI GMPHY 

The COST well was located in 570 f e e t  (374 m) water depth 

and spudded in unconsof f dated Holocene g lac i a l  deposits . The top 

of the geophysical l y  logged in terval  a t  1,477 f e e t  measured depth i s  

i n  the Yakataga Formation, and the we17 was s t i l l  i n  the 

Yakataga Formation a t  total  depth. 

The Yakataga Formation has a to ta l  thfckness o f  a t  feast 

16,500 f e e t  (5,000 m) and ranges i n  age f r o m  early or middle 

Miocene t o  Pleistocene, It overlfes the Oligocene l a  late 

Miocene Poul Creek Formati on which I s  composed predomf n a n t l y  of 

f ine-grained clastlc marine rocks whlch constitute a favorable 

source fo r  petroleum. Sandstones In the lower part  o f  the 

Ya ka taga Famatian innnediately overlyi ng the Poul Creek Formation 

are t h o u g h t  t o  have the greatest potent f  a1 for o i l  accumubation 

i n  the Yakataga Formation. . 

The COST we71 was located i n  a syncfjne Ident i f i ed  by 

seismic data and penetrated only material eroded from nearby 

structures i n  the OCS sale area; no useful lithologic i n f o m a t i o n  

concerning the prospective s e c t i o n  w i  t h i n  such structures was 

obtained f r om the COST well. 

The nearest  onshore wells are located In structurally 

complex areas, and therefore a relfable seismic t f e  cannot be 

establ  i s h d  between the COST we71 and the nearest onshore we1 1 s. 

The SOCAL Riou Bay No. 1 we1 1, approximately 60 mil es (95  km) 

east  o f  the COST we1 1, seems to be on strl ke stratigraphical 1 y 



wi th  the COST we12 ; both are i n  a single area o f  relatively 

simp1 e structure, and coherent seismic ref1 ections can be foll owed 

between the two we1 1 s except where seismic d a t a  are 'lacking near 

the share1 ine. L i  t ha log ic  similar! t i e s  between the two we1 Is and 

a reasonable projectton o f  the seismic t i e  suggest t h a t  the 

sect ion penetrated by the COST well i s  the approximate stratigraphic 

equ iva len t  of the upper 4,000 feet (1 ,200 m] o f  the SOCAL 

Riou Bay No, 1 well. 

Age determjnations were based upon examination of foraminif- 

era1 samples (see eantol ogy sectf on t h f  s report). 

L i tho log i c  Description 

No convent ional OF sidewa11 cores were t a k e n  f n t h e  we1 1. 

A11 descriptions o f  l i thology are from examinatf on o f  cuttings o r  

l o g  interpretation. 

A1 l recovered cu t t i ngs  from the COST we7 1 were from the  

- cataga Formation and consisted o f  var ious poorly indurated 

m i x t u r e s  o f  clay,  s i l t ,  sand, and gravel. Clay, present as a 

minor component, i s  mineralogically the same as  a s f  ltstone which 

i s  encountered i n  a l l  cut t ings from the well. This s i l  ts tone i s  

variously clean,  sandy, or cong7omeratic a t  df f ferent  depth 

intervals; where sand or gravel predominates the  rock becomes a 

sandstone or conglomerate f n  which t h e  sif tstone forms the 

trSx. 

The s f  I tstone is white or gray except where stained brown by 



i ron  oxide; It 1s frS ab le  and has been cemented t o  various m i  nor 

degrees by calcium carbonate. The s i  I t fraction, predominantly 

quartz, includes rnlnor amounts o f  unweathered amphibole, biotite 

and other mineral s. 

Sand grafns range from very fine t o  very coarse on the 

Wentworth scale and arc predomj nantl y quartz; unweathered rock 

fragments, amphibole, and mica occur i n  the  sand f rac t fan .  

Quartz occurs c o m n l y  as clear or m i  l ky monocrystal l i ne grains 

which are general ly subrounded t o  subangul ar and occasf onal ly 

subhedral . Sand-si ze rock fragments are almost  excl us1 veJy 

metamorphic, l asgel y quartz i te  and argi 1 I i t e  but f ncl ude minor 

greenstane and chlori te  sch is t ,  and such fragments together w i t h  

amphi bole a r e  more common In the coarser than i n  t h e  fSner sand 

grades. The sand f rac t ion  contains b i o t i t e ,  muscovl t e ,  and very 

small amounts o f  unweathered epldote, chlorite, garnet, and . - 
calcf te .  

The gravel f r a c t l o n  consists largely o f  metarnorphfc rock 

fragments and some sedimentary rock fragments, The same metamorphic 

rock types occur I n  the grave? as in the sand f rac t jon ,  and we1 l-  

indurated, noncal careous quartzose sands tone i s  the  preval ent 

sedimentary rock type. Igneous rocks are rare i n  the gravel. 

Individual cl asts are general 7y subangul ar t o  rounded, and 

lthough the largest observed are of pebble size, lzrgcr cJasts 
-.. . 

iy e x i s t  i n  the sediment; c1 a s t s  1 arger t h a n  pebb7 e s i z e  are not  

likely t o  come t o  the surface as c u t t i n g s .  Unstable minerals in 



the gravel fraction are unweathered, and some clasts are marked 

with glacial  striae. 

The lithalogies of rock fragments i n  the strata penetrated 

by the COST well are consistent with a source 7 n the Chugach- 

S t ,  E l  i a s  mountain sys tern north of-the-weM-si te,-The-rnorphol ogy 

o f  quartz sand grains i s  suggestive o f  pl utanic provenance, and 

although some such gra ins  have likely been derived Zmmediately 

from a sedimentary source, much of the quartz sand is probably 

derived fmm gran i t i c  terrane f n the source area. The unweathered 

conditfon o f  unstable mjnerals fn the rock penetrated by the COST 

we71 indicates r a p i d  erosion and deposit7on. 

The rocks penetrated by the well were apparently deposited by 

normal rnaslne and glaciomarf ne processes. Much o f  the finer 

material was probably deposfted by marine currents, and a l l  of the 

coarser and some o f  the f iner material was undoubtedly rafted t o  

the s i t e  o f  deposition by g l a d a l  ice. 

Af te r  deposl t fan t h e  sediments were cemented to various 

minor degrees by calcium carbonate. An obvi aus potenti  a1 source 

for t h a t  cement fs the  t e s t s  of various marine fniertebrates. 



PALEONTOLOGY 

Concentrated forarnini feral residues prepared far participants 

i n  the COST we1 l and drill b i t  cutt ings washed over a 150-mesh 

sieve were examined a t  30-fool i ntervaf s f r a m  7,500 t o  5,150 fee t  

measured depth,  The taxonomic and pal eoeco? ogic  in te rpre ta t fans  

follow Todd and Low (1967), Loeblich and Tappan (19531, 

Echols (19731, and Ingle (1973). 

The subarctic microfaunal assemblage i dent i  f fed i n  the COST 

we1 1 i s  essential 7y the same as the modern Gulf o f  Alaska micro- 

fauna,  The assemblage has persilsted with few changes s i n c e  the 

PI focene. The excel 1 en t  preservational s t a t e  o f  the fossi 7 

rnaterf a1 and the presence o f  predominantly si n i  s tral ly coi 1 ed 

papul a t i o n s  a f  Globigerina pachydcrma sugges t  a middle t o  l a te  

PI e i  stocene age for the  sampled 1 nterval . 
The overall faunal assemblage i s  composed o f  recurring 

neritic and upper bathyal elements defined by the presence and 

re1 a t i v e  abundance o f  d i  agnbsti c foramf n i  feral specf es. Ecological 

gradations, the presence of reworked f o s s i  1 mater i  a1 , and sampf e 

contamination f r o m  up-hol e cavfng o f t en  serve to modify these two 

b a s i c  elements. 

The inner neritic fauna I s  dominated by several specf es of 

E l  p h i d i  urn, particularly - E, cl avatum, - Em oregonense, E. b a r t t  e t t i  , 
E. friqidum, and Protaelphidfum orbicutare, and Ruccella f r i g i d a  - 

-. 
and - B. inusitata. 

The more dSvesse middle ~ e r i t i c  fauna contains most of the 



Inner neritic species as well as Casslduljna l fmbata, - C, norcrasst, 

C. teretis, Karreriella baccata, Cfbicides fletcheri, - 
UvJgerina Juncea , Nonionel 1 a auricul a ,  Nonionel I f na 1 abradorica , - 

T r i f a r i n a  angulasa, and Globigerina pachyderma. 

The outer neri t ic  and upper bathya? faunas conta in  many o f  

the middle neritic species a; well as Pullenfa salisburyi, 

Bol iv ina  s p p . ,  Epistonomella pacif ica,  and Cassidufina californica. 

Upper bathyal faunas are dominated by Epistomi  nel 1 a paci  fi ca , 
E. c f  exigua, E i  l ohedra 1 ev l  cula, Uvigeri na peregrina, - 

The transgressive upper bathyal pulses seen i n  the COST we17 

a t  1,500, 2,130, 2,496, 2,790, 3,300, 3,780, 4,620, and 5,130 f e e t  

measured d e p t h  are probably both glacioeustatic and tectonic f n 

origin. 



GEOPHYSICS 

The COST well was located i n  a sync1 ine as mapped from 

amon-depth-point seI smic data. A s f  ngl e-channel sparker survey 

run by the  University o f  Washington Research Vessel 

THOMAS G. THOMPSON in 1974 detected no evidence o f  s l ides  or 

near-surface f a u l t s  in the we1 1 area (Carl son and others,  1975). 

Interval ve7 ecS ti es and average vel ocl  tl es were cal cul ated 

er rocks a t  various depths i n  t he  COST we1 1 fmm t h e  borehole 

ompensated sonlc 1 og ( f i g .  4 ) .  



EWAY TTME VELOCITY (FEET/SEC.) 
( ~IILLISECONDS) - hlEASUREQ DEPTH 

(FEET 1 

F igure  4, Velocity derived from sonic 709 for  A t l a n t i c  Richf ie ld  + 

Northern G u l f ' o f  Alaska COST Well No, 1. 



ENVIRONMENTAL CONS I DERATl ONS 

An Environmental Impact Analysis was prepared as part o f  the 

pemi t -appl i c a t f  on procedure for the  COST we1 1 . The resul ts o f  

the analysis and t h e  considered opinions o f  ather Federal  and 

S t a t e  agencies having an i n t e r e s t  I n  the area highlighted the 

need for a s i t e  speciftc invest igat ion prior to actual drilling. 

Two s i t e s ,  7 -5 miles (2.4 km) apart, were examined in detail. 

Based on the results o f  the s i  te-specific survey, i t  was determined 

that  the granting o f  a permit t o  perform the test was not a major 

Federal act ion  and would not require an Environmental Impact 

Statement. 

For the s i  te-speci f i c  survey, an oceanographic and marine 

biological survey was conducted i n  water 570 to 602 feet ( 7  74-784 m) 

deep an July 3. and 9 .  1975, approximately 14 nautlcal mi 1 es (26 km) 

off the Bering Glacier, Gulf o f  Alaska. The following environmental 

condi tians were observed, 

S a l i n i t i e s  varied from 31 per mill a t  the surface t o  33 per mi 17 

a t  the bottom and tempera ture  from 11 .S°C a t  the surface t a  6'C 

a t  the bottom. A strong thermocline (3°C) occurred at a d e p t h  of 

13 95 feet  (4  to 29 m) . D j s s o l  ved oxygen ranged from 4 ppm a t  

the surface t a  almost 6 ppm near the bottom. The maximum seiche 

disk  reading was 9 meters. 

P r o f i f  es o f  the sea f loor were made w i t h  an echo sounder, 

Bottom sediments consisted principally o f  glaclal ly-derived ff  ne 

gray s i 7  ts and el ays a t  both s i  tes. Pebbles and smaf 1 cobbles 



occurred a t  one sfte. Bottom sediments contained 62 t o  65 percent 

sol ids and an average o f  4 percent i ron,  74 ppm chromium, and 

289 ppm barium based an dry wefght. 

The major phytoplankton popul a t f  ons consisted o f  diatoms 

(~haetoceres , Corethron, Thal assiothri x )  and d i n o f l  age1 7 a tes  

(Ceratium, P e r i d i  urn). rsle predominant toopt an k ta  were copepads 

(Cal aneir , Metridia, Oi thona) . 
Six grab samples contal ned a -predominance of pdlychaete 

worms (Nothria) and bivalve  ma1 1 us ks (Astarte). The species 

diversity was somewhat low (H' = 1.27 t o  2.3; number of species 

fmm 6 to 12; total number o f  speclcs for  a1 1 samples was 22). 

The bucket-dredge sample taken from one s i t e  contained a pre- 

dominance (by biomass) o f  brachi opods (Pagueus) , bivalve ma1 1 us ks 

(Astarte) and polychaete worn. polycha&e worms made up 

48 percent and mol  Iusks  24 percent of the species. The species 

diversity was moderate (H' = 2,8; number o f  species war 23 ) and 

conziderably higher than that  taken by otter trawls. 

The otter-trawl samples indicated t h a t  the dominant e p i  benthic 

species a t  both s i t e s  was the bri t t les tar  Ophiu ra  sarsji. the 

second most dominant species was the  small cushion star 

Ctenodfscus crispatus a t  one s i t e  and the shrimp Crangon abyssorurn 

a t  the other s i t e .  The otter-trawl co1fectSon a t  one s i t e  

contai ned (by species composi t i  on) 22 percent ethi nodems , 

19 percent pol ychaetes, 16 percent crustaceans, J 4 percent 

mollusks, 11 percent f ishes; 5 phyla made up the remaining 



18 percent. Echi nodems contri buted 79 percent, crustaceans . 

35 percent, and several remaf n f  ng phyla contributed 6 percent o f  

the t o t a l  i nvertebsa t e  biomass. The deposi t-feeding b r i  t t f  estas 

Ophiura  s a r s i i  alone contributed a t  least 40 percent o f  t h e  

epi benthic l nvcrtebrate biomass. The t rophi  c structure 7 s 

represented by 50 percent filter feeders, 22 percent deposjt 

feeders, 19 percent carnivores, 6 percent scavengers, and 3 percent 

ectoparasites, reflecting the availability o f  large amounts o f  

det r i tus  as the prime energy source. Ten captured te f  eost  f ish 

(6  species) were prf ckl ebacks ( fami ly Stichaedae) and eel pouts 

(family Zoarcidae). Typical of cof d waters, the benthic fauna i s  

not particularJy diverse. Relatively few species and indiv iduals  

o f  comercia1 importance were found, 

The results o f  the pre-dril 7 i ng s i  te-specif jc survey was 

consistent with the results o f  previous studies. 

Environmental moni torf ng a c t i v i t i e s  on the dri 1 1 shi p during 

operatf ons tended t o  confirm the conditions predicted in the 

environmental analysis. Sea state ,  storms, and currents were 

wi th in  the expected limits. 

The information gained from current meter measurements made 

dur ing drill ing was used t o  p1 an a 1-year-later fa1 l ow-up survey, 

which will look for residual hab f t a t  changes possib ly  related t a  

drilling. 

In sumary, no long term adverse environmental impacts are ' 

consjdered to have resulted from the dri I f  i n g  operations, and 



short-term effects appear to have ceased. The f a l l  ow-up surrey 

wffl help t o  c o n f i n  this conclusion ar t o  i d e n t i f y  speci f ic  

problem areas. 



SUMMARY AND CONCLUSIONS 

The COST we17 was located on an of f -s t ruc ture  s f t e  selected 

t a  minimize the possibility o f  penetrating zones bearing s l g n j f i c a n t  

quant i t jes  o f  hydrocarbons. The w e l l  was intended t o  reach a 

to ta l  measured depth of 16,500 f e e t  so as to penetrate t h e  rocks 

o f  primary Interest, the lower part o f  t h e  Yakataga Formation, an 

in terval  which I n  the t e s t  area i s  below 10,000 feet  (3,000 m). 

The entire interval t h a t  was fogged and sampl ed consisted o f  

marine and glaciomarine clastic rocks i n  the upper part o f  the 

Yakataga Formation and o f  probable middle to  late Pleistocene 

age. Because the total depth reached was only 5,750 f e e t ,  the 

COST we1 l provided no l i t h o l  ogi c information concerning p o t e n t i  a1 ly 

productive horizons. 

Sandstones are not of reservoir quality owing to the presence 

o f  interstitial s i l t  and clay and carbonate cement. This fac t ,  

determined by sample analysis, was confirmed by the el ectrfc logs 

which showed hfgh "shaliness" i n  a l l  the sandy intervals. The 

logs do not indicate  t he  presence o f  any hydrocarbons. An 

organic geocbemjcal study o f  samples from the well indicates t h a t  

the enti re interval penetrated has an immature source character 

and probably has not generated any llquld hydrocarbons. 
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