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GEOLOGIC ARD OPERsTIONAL SUMMARY, COST NO. B-3 WELL,
BALTIMORE CANYON TROUGH AREA, MID-ATLAKTIC OCS

IRTRODUCTION
The Continental Offshore Stratigraphic Test (COST) Mo. B-3 well was
drilled to a depth of 15,520 feet by Chevron USA Inc., who acted as well
ocperator for 10 other participating companies. The well was begun oﬁ
October 9, 1978, and completed on January 25, 1979, at a location ap-
proximately 93 statute niles southeast of Atlantic City,_N. JT (fig. 1).

Drilled in 2,686 feet of water by the dynamically positioned drill ship

ship Ben Ocean lancer, this is the first deep well to penetrate the U. S.-
Astlantic slope, that part of the continental ma?gin between the sheli .
and rise. The B-3 penetrated 2,240 feet of fertiaty calcarecus mudstone,
claystone, and zrgillaceous limestone, 2,650 feat of Upper Cretnsesds
s&ndétone, siltstone, and calcareous mudstone, 3,710 feet of Lower
Cretaceous sandstone interbedded with_shale and mincr carbonate rocks,

and 3,420 feet of Upper Jurassic shale, limestone, &nd sandstone. The
well had a show of gas in the interval from 15,74l_£9 15,752 feet;

the show was 3judged to be significant by the U. S. Geclogical Survey

and was announced ta the public on January 18, 1979.

Geological and engineering data obtained from this deep strati-
gfaphic tost were used by participating companies and the U.5. Geclogical
Survey (USGS) for evaluating the petroleum potential, as well as possible
¢rilling problems in the cdeep-water shelf and slope areas 6f the Baltinore

11

Canvon Trough area in preparation for Lease Sale Xo. 49 heid on February 28,
3197%. Infurmation obtained on the operations, lithology, potential source

rocks, teuperzture and pressure gradients, biostratigraphy, etc., is

..l_
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summarized in this report. As with previous COST wells, the COST
¥o. B-3 well was drilled away from any potential petroleum-bearing
feature, but near several tracts that were included in the sale area..

The public disclesure provision of the regulations cn ceologiecal and

geophysical explorations of the 0CS (30 CFR 251.14) specifies that

}

zological data from deep stratigraphic tests, including analyzed

nd interpreted information, shall be released 60 days after the

B

fgssuance of the first Federal lease within 50 nautical miles of the
cest site, or 5 vears after the well conpleticn if no lease is issued.
tlock 21, zbout haif a mile northwest of the -3 well, was leased

on May 1, 1979, to Hurphy 0il Company following‘QCS Lease Sale 49.

Parr of the infermation included in this summarj 1o hrood ool LTI L

reperts by service companies, sample analyses by oil companies, and USGS

pon

sterpretations of electric logs, drill cuttings, and cores. These data

1
O
rt

=3y be inspected

-

the Public Information Reon of the USGS, 1725 K-

LS

treet, N. W., Washington, D. C. All depths referred to in this report

145

..

T

re given in feet below the Kelly Bushing {K. B.) elevation which was
49 fret above mean sea level. Because mainly Eaglish units of measure-
ment are used in the report, a table of equivalent metric units follows

the Contents.



OPERATIONAL DATA

By Jan Libby-French

——— — et

Chevron U$A Inc., acting as operator for the well progran,
drilled the COST ¥o. B-3 well under an 0CS permit Ko. E~9-78 issued
by the U. S. Geological Survey (USGS). Expenses were shared by the
foliowing 1l participants:

stlantic Richfield Company
Chevron USA Inec.
Coatrinental 0il Company
Exxon Company USA

Carty Cil Company

Mobil Exploration and Production Services Inc.
Ocean Production Company
Phillips Petroleun Company
Shell 0il Company

Tenneco 0il Company

Union 0il of California

Drilling stipulations required thet the cperator provide the USGS

of all well logs, washed and unwashed senples, core siabs,

ad eperational end technical reports. These were received by the USGS
st the same time as they were by the industry pavilcipants.

The surface location of the COST Ko. B-3 well was lat. 28 55'00.6355"

R

N,

3

o A
. long. 72 46'22.578" W. or at U.T.M. coordinates x = 693,060 meters

and y = 4,309,659 meters, in Block 66 in the 0CS Oificial Protraction

ran HJ 18=¢ (fig. 2). The B-3 well was—drilled as a vertical hole

)
—

Diag

o
with the course inclination no greater than 2 3/4 .

Chevron used ODECO's dynamically positicned drill ship Ben Ocean

Langer to drill the well. The ship's length 1

I3
i lite

490 feet, bezm, 77

1]

feet, depth, 41 feet, and cesign é¢raft, 26 feet. Its ninimum operating

water depth is 300 feet and its maxinum 1s 3,000 feer. The ship arrived
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on location and was positioned in 2,686 feet of water on October 8,

8. The'weli was spudded un October Sth and drilled to a total
depth of 15,820 feet which was reached on January 18, 1979. Final
wireline logging and seismic velocity surveys were completed ancd side-
wall cores were obtained. The well was then plugged and the rig was

reieased on January 25, 1979, 10S days after spud date.

Varisnces in Operating Procedures

The U. $. Geolegical Survey permitted several variances in opera=
tional procedures during the drilling of the CCST Ko. B~3 well:
Stipulation Wo. 6, issued in conjunction with the permit to drill the
well, required that the drill cuttings be down-shunted at a depth of

£0-50 feer below the ocean surface. This requirement wos welved ncunoe

Hh
[

the discharge of drill cuttings below the ship would have interiered

with the ship's acoustic positioning system. The USGS azgreed that the
discharge above, instead of below the ocean surface would cause only

& niner and tenporary effect on the area's marine biology.

13

xception was algo granted‘to the Mid—Atlantic*éCSforder No. 2
requiring the use of a riser system in drilliﬁg the structural and
conductor holes for the 30-inch and 20—i;€h casing. The Ben Ocean
Lancer was not equipped to connect a riser_to the 30-inch casing, so
permission was granted to let the drilling returns spill to the sea
floor until the 20-inch conductor casing was set at 1,025 feet below

the sea flcor. Sea water was used as the main drilling fluid down

to this depth; therefore chemical pollutien of the ocean was minimal.



Contrary to normal operating procedures, the casing strings were

Lot cUt Below the sea floor after plugging the well. The required plugs

were set during the plugging coperations and an altewpl was then made

:o recover the zuide base asseubly. However, the aséembly had settled
approximately 8 feet while the 20-inch casing was being set, and a cone
of soft silt had formed zround the base of the blow-dut greventer (éOP)
during subsequent drilling operations. When the BOP was raised, the
cilt settled and covered the guide base. 4 search with a television
camera showed that the guide base was totally covered. As the wellhead
was not protruding above the sea bed, pernission was granted to abangon

the well without cutting the casing strings below the sea floor.

Drilling Progranm

The COST Fo. B~3 well was drilled using one Z6-inch drill bit to
a depth of 53,785 feet wenty—one 12 1/4-inch bits to 12,695 feet and

twelve 8 1/2-inch bits to reach total depth of 15,820 feet. Seven addi-

tienal bits were used for reaming out the hole before sctting the casing

strings, drilling out cement at the bottom of casing,lénd cutting the
conventional diamond cores. Figure 3 shows the daily drilling progress

and logging and casing depths for the well. The drilling rate ranged

-

frem 4 to 800 feet/ hour., The average drilling rate to 5,]

P 66 fezt

wzs 105 feet/hour, decreasing to 60 feet/hour from 5,706 to 7,400 feet,
30 feet/hour from 7,400 to 9,700 feet, and 8 feet/hour from 9,700 feet
to total depth.

Four casing strings were set and cemented with Class G cement

({fig. £). The 30-inch casing was set at 2,894 feet, the Z0-inch casing

W b A o o e
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was set and cemented at 3,753 feet with 1,250 sacks of cement, the
Y373/8-Freh" casirg at 5,736 feet with 1,328 sacks of cement, and the
{ . @ 5/8-inch casing at 12,659 feet with 2,587 sacks of cenent.

Sea wvater was used to drill from 2,894 to 3,785 feet, a sea water-
sel systenm was used from 3,785 to 5,766 feet and a gel-lignosulfonate
aud was used to drill the remainder of the well. The uud weight was
increased gradually from 9.0 to 10.C pounds per gallon (ppg) for the
first 12,659 feet. It was then decreased to an average of 9.6 ppg
to a depth of 15,050 feet. While drilling becween 15,750 and 15,780

) feat with 10.1 ppg mud, the mud was cut by gas to 8.2 ppg. The mud

H]

v

Wt was then increased to 11.7 ppg for the remainder of the well.

ig
g

Nopgsd K
PING VI

cosity ranged from 38 to 50 seconds but generally remained be-

4]

cwaen 42 vo 46 seconds. The pi ranged from 8.0 ro 11.8 and averaged
11.3 below 6,400 feer.
Exploration Logg?ng Tne. provided the mud logging service for the
“B-3 well and coliected the cuttings sémples. A ph}%ical_formation log

.

wes run as driiling procecded,. in order to monitof‘thé“mud systen and
drilling progress. Included in this log are the rate ;é drill penetra-
tion, a lithologic description of the cuttings and thé total hot wire
gas units and chromateographic analysis.

The final estimated cost for the well was approximately élZ milidon,
This amount included approximately $604,000 for the preliminary site
survevs, $545,000 for the geoscience and logging costs, $156,000 for
drill bits and other downhole equipment, $197,000 for mud costs and

8553,000 for the casing program. The time spent on the various -activities

- 10 -




in the drilling operation was as follows:

T T - Kours Percent of Toral :
®
Drilling ——r==—=———==--———msmoomess 734.0 . 29.4 .
Tripping ———=—==-=—-——————==mo—oe 459.0 ~ 18.4 E
Fishing =w===-=se-mosoo——oem——o—es 322.5 12.9 ;.
Circulating and Reaning —===--=-—- 136.0 5.5 g
Abzndonnent ———-mmmmmmmmes oo 50.0 2.0 ?
S ——— 69.5 2.8 o
Wireline Logging ——==—~-————=---=- 230.5 9.2 ?
Rigging Up and Running Casing ---—  53.5 2.1 " ‘ é
Rig Repair —-———————=-———ooommmmmee 72.0 - 2.9 . ;.
Ceaenting ~—-—-——===—=—-—=---"-m-—= 15.5 | 0.6 ;
Repéat Formation Testing =~———=——-—- 16.5 0.7 g
SUTVEVS —oo oo — oo 15.0 ot ;
Waiting on Weather ———=—==——-—————=- 152.5 _ . 6.0
Orher ——=——e—m—m e e 168.75 ‘ . 6.9
Total =—=——==== 2495.25 '1‘ . 00.0

‘Sauples, Tests, and Logs

Samples of well cuttings were obtained from the B-3 well at 30-

)
v
:
S
¥
i
.
v
3

foor intervals from 3,790 to 5,770 feet and at 10-foot intervals fronm

5,770 feet to total depth. These samples were used for both lithelogic
and paleontologic study. Sidewall and conventional cores were alse
obtained and provided data such as porosity, permeability, grain density,
and litholeogic and paleontelogic déscriptions. A total of 1,466

cidewall cores were attempted, of which 689 were recovered.  Four

e gL B g eeg g g



conventional cores were cut; the cored intervals and recoveries are

Core MNo. Depth (feet) Feet Cut . Recovery (feet)
1 9,821 - 9,940 19 14
2 11,009.5-11,069.5 60 51.25
3 2,572 -12,588 16 15.3
4 13,773 -13,798 25 21.5

Geophvsical logs and seisnic velocity surveys were conducted at

dr Y we e = P -
CNTréc Gxrsx 1

farent times and intervals during drilling of the well. Log
+un 1 was cenducted October 17-19 for the 3,753-5,726 foot interval
and included & dual induction-spherically focused log , a conpensated

nentron log/compensated formation density log, a long-—spaced sonic log,

T

necer, and a seisnic reference survey. Log run 2

a high-resclutieon di

o]

was conductaed Hovember 22-December 1 for the 5,726-12,0654 foot interval

uded conrinvations of the same suite of logs from log wun ni. L

bt

(88

and irnc

on

with the addition of a proximity microlog. Log run no. 3 was conducted
Januavy 12-16 for the 12,0634-15,810 foot interval and included continua-

“tions of log runs 1 and 2 and an additiomnal dual laterolog. Wireline

. 15,749 feer and

JfL.

formarion tests were performed once at 15,748 feet, an

twice at 15,750 feet with a repeat fornmation tester.

Conclusion
No major problems were encountered in drilling operations and feo-

logic evaluation of the COST Wo. B-3 well. The operation confirned

the functional state of technology for ewploratory drilling in the re-

lzrively deep waters of continental slopes.



LITHOLOGY

U —_——te B_,V David J. Lachance

Driil cutting‘samples from the COST No. B-3 well were obtained ét
I0-foot intervals from 3,790 to 5,770 feet, end at 10-feet intervals
fron 5,770 to 15,820 feet. A liithologic log was prepared for the B-3
well participants by the Amoruso Group 0f Houston, Texas, and is

available for inspection along with other legs, samples, and cores

at the Public Information Office of the USGS, 1725 K Street N. W.,

Suice 204, lashington, D. C. 20006.

The following summary of the strata penetrated by the COST No. -3
well is based on my detailed lithologic studies’of its drill cuttings.

The lithologic colunn is summarized on plate 1. ALL daptha aue senionnd
depthé haelow Melly Bushing which was 42 feet above mecan sea level.

The stratigraphic scquence penetrated by the COST No. 3-3 well has been
divided inte four majér lithologic units. Section IA and‘IB, from 3,790 to
6,080 feet, is of Tertiary age and consists of cg}careous mudstona,
claysfone, and minor amounts-of argillaceocus linestoné and siltstone.
Section II, from 6,080 to 8=ZOO feet, consists dominantly of mudstone
and siltstone of Late Cretaceous age. Secpipns 1IIA to IIID, from 8,200 to
12,400 feet, is conmposed of sandstones interbedded with shale and
ninor amounts of carbonates; this section ranées in age from Early
Cretaceous to early Late Cretaceous. Section IVA and IVB, from 12,400 to
15,820 feet, consists of Upper Jurassic shales, carbonates and lesser
amounts of sandstone.

These scctions are further divided into subsections. All contacts

- 13 -
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are

gradational except for the sharp contacts at the top and bottom

“6f" Sectionm1HA..

Section I& 3,780-5,160 feet

This section consists of light—gray and green-gray to brown-gray
caleareous mudstenes with traces of muscovite, forapminifera, and quartz
sand grains and pebbles. Other minor constituents include sparse to

race amounts of shell frapgménts, pyrite, nicrocrystalline limestone,

rr

chert, coal, ané rare to abundant glzuconite grains.

o
=

-t
Th

Section IB 5,160-6,080 feet

tbove 5,780 feet this section consists of very calcareous, light-
:ray to off-white and greenish gray, subfissile claystone and nminor

[=]

amounts of medium-gray shale. Trace constituents include: nodular

pyrite; fibreus calcite spar; light-gray to light=~brown, and orangz-brows

chart; light-brown to light-orange microcystalline, glauconitiec limestone;
quarctz sand grains and pebbles; and a few ¢lauconite grains. Forazminifera

. b
cecur in trace to locally abundant amounts. Below5,730 feet, in addition

to the clavstone and shale, thin laminae of very calcareous, light-to
brewnish-zray siltstone are present, and contain traces of pyrite,

glauconite, and foraoms.

Secrion I1 €,080-8,200 feet

The contact with Section 1B is gradational, and fhe upper part of
Soetion 11 is marked by a relative increase of the gray siltstone
‘presant in Section IB; however, this siltstone pradually grades into
mudstone at approxinately 6,220 feet- Below this depth the section

consists of interbedded calecareocus, light—-to mediun-gray, amorphous to



subfissile, silty nmudstone with minor amounts of thin laninae and beds
~" %% light-<to-medium-gray shale, minor amounts of very thin, soft,

‘hy, white limestone, and soft to hard, dense, earthy to nicro-

ron

e
[+

crvstalline, gray to buff limestone and delomite. From approximately

6,600 to 7,060 feet minor amounts of quartz sand grains and pebbles

are present. Most of the grains appear to be floating in the nmud~

stone, and are fine to very coarse, subangular to rounded, and opaque.

A second ninor zone of fine sand extends from 7,610 to 7,810 feet.
Glauconite grains, nodular pyrite, muscovite, coal, shell fragments,

foraminifera and fibrous calcite spar are scattered in sparse amounts .

throughout this section. Near and in the sandy intervals glauconite

.

bcécomes cownmon to abundant.

Seerion IIT4 8,200-8,710 feet

This section consists of interbedded sandstone, shale, anorphous

rl

Foptm
L&

to subfissile rudstone, and ninor amounts of carbonate, and has ¥ycein

4

tively sharp upper and lo;er contacts. The sandétoqe is light gray,
muderafely indurated, and slightly calcareous. Tﬁ& qﬁartz grains in
the sandstone are angular Eo subangular, moderately sorted, clear to
opaque gray, and medium to coarse graiAéd and locally pebbiy. Sparse
cgnstituents inciude glaucenite grains; pyrite, shell fragments,
nuscovite, and forams. The shale and mudstoné are light to mediun
grav, slightly to moderately calcareous, and contain a few coal
iaminae, traces of fibrous calcite spar, and disseminated siderite.
The carbonates occur as thin laminae in the nudstone and shale,

and wredeninantly consist of soft, earthy, white to off—whiﬁe,:locally

L

sandy limestone with scattered glauconite grains and shell fragments.
- 15 - '
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ilso present are minor amounts of light—gray &o buff, hard, microcrys-
talline linestoné and dolomite with traces of glauconite and pyrite.

4 third tvne of carbonate-—a soft, earthy, huff dolomite—-—occurs as
¥ 3 Y

scartered laminae.

Sertion ITIR 8,710-9,860 feet

This section consists of shale and amorphous to subfissile nudstone,

and ninor zmounts of thin laminae and beds of sandstone and cerbonate.

e mudstone and shale are slightly sandy, calcarcous, and predoni-

e

T

i

ntly light to medium gray; minor &anounts of greenish-gray and off-white

<

[

lanminae are present. Sparse constituents incilude pyrite, fibrous calcite

spar, and glauconite grains. Between the top of the Section and §,370

Fh

re trace to locally abundant linestone nodules. tHost of these

"
by

rr
i

-4
1

accdules are 1 to 2 ma in size, and roughly spheroidal to ellipsoidnl,
with numerous shape variations (including discoidal and compesite spheres).
The sandstones occur as thin laninae and beds, and are light gray to

brownish gray, noderately conselidated, and calcarepus, with traces of

.

syrite and glauconite. The quartz grains are very finé:to nedium greined,
angular to subangular, moderately sorted, and predominantly clear to gray
opague. | —

The carbonates occur as thin leninae, and resemble those in Section
11I4. However, each type of carbonate is present in approxinately equal
anmeunts.

A4 Ffew thin laminae of coal occur in the nudstone and shale.

Frae
teet

]

|
L 03

[

Seczion 11IC %,860-1

This section consists of interbedded sandstone, shale, limestone, and

...16..



~inor siltstone. At approximately 10,755 feet, the section can be divided

“fnto upper and lower intervals, according to the relative proportions of

sand to shale plus carbonate. The upper interval contains slightly nore

shale.

The sandstone and siltstone are micaceous, calcareous, locelly argilla-

ceous, poorly indurated, and contain very rare to trace anounts of glau-
conite grains, forans, pyrite, and shell fragments. Above approximately
11,260 fcet the sand and siltstone are predoninantly light gray with a few
buff leninee. The quartz grains in the sandstone are angular to
subangular, poorly to moderately sorted, clear to gray opaque, nediun

ro coarse grained, and locally pebble sized. Below 11,260 feet the sand-

ctone and siltstone are predominantly light buff, end the quartz grains
in the sandstone are very fine to fine grained.

The shale is noncalcareous to calcareous, siighrly nmicaczoas, locally
silty, and oedium to dark gray and locally black. OSparse constituents.in"
clude gilauconite grains, shell fragméﬁts, and ovoid siderite pellets.,

Mudstone similar to that in Section IILIB cccurs in a thin transitional

R i
1.
‘1

interval near the top of the section.

The limestone occcurs as thin laminge to relatively thick beds, and
is dense, soft, white to off-white, and loc¢illy pale pink, slightly
argillaceous, silty, and sandy. Texture ranges from earthv to fine
crvstalline. Sparse to trace constituents include glauconite grains,
pyrive, and shell fragments. Also present are minor amounts 0f cnal,

and thin buff hard microcrystalline limestone.

_17...
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Section I1ID 11,630-12,400 ft

Thisé Bection consists of interlaminated shale, thin sandstone, and
minor amounts of siltstone and carbonate. The contact with Sectign IIiC
radational, and with increasing depth the sand/shale ratio decrcases.
The ssndstene and siltstone are calcareous, nicaceous, argillaceous,
and light gray to faintly buff, with a few grains of glauconite, pvrite,
and shell fragments. The quartz grains in the sandstone are anguler to
subrounded, poorly to moderately sorted, very fine to mediunm grained,
and clear to gray opaque. The siltstone, in occasional thin laninae,
is darhk buff, argillaceous, and calcareous. .

The shale is calcareous, micaceous, and light to dark gray and brownish
+  with traces of glauconite and pyrite. Thin laninae of pale-greenish
-gray, celcarecus shale are also present.

The few carbonates present consist of very thin, hard, aicrocryst-

alline, light—gray to buff limestone.and dolonite.

Coal is present as scattered thin stringersin the sands and shales.

+

M

Seevion 1VA 12,400-12,710 feet Y

This section consisté of interbedded sandétone,,and shale, and
relavively thin beds of limestone, somelbf which are ocolitic; upper
and lower contacts are gradational.

The sandstone is calcareous, white to light gray. and well indurated,
and contains sparse grains of pyrite, nuscovite, glauconite, and Fossai
fragments. The guartz grains in the sandstone are fine to coarse grained,
angular to subangular, poorly sorted and clear to gray opague.

The shale is predominantly medium to dark gray. A few thin laninae
of'dark brown and chloritic green shalerare present.

...18..



The limestone is predominantly light gray to off-white, and ranges in

T TLexture frdm soft to hard, and dense and earthy; to hard, dense and micro-

. | .
crystalline. Oolites, pellets and algal lumps are common in some of these

limesteones. Also present are thin laminae of buff, microcrystalline,

argillaceous limestone.

Section IVB 12,710-15,820 feet
This section consists of interlaninated shale and linestone, and 1
® ninor smounts of thin sandstene beds. Despite numerous local varia- :
¢
v . . . , . . .
| rions, several general lithologic trends are noticeable. With increasing
depth, the shale/carbonate ratio gradually increases, and both the total 1
L ] . . - , . f
candscone content and the muscovite content of -the sandstone ana shale £
" | ]
increase slightly. : i
- The shale is slightly micacous, silty, light to dark guay snd %
i.
. : t Q . ','
dark brownish gray, and is calcareous to Very calcareous. 5
i
: . » - !.‘J
The carbonates are slightly argillaceous, predominantly light gray :
% - = w
to white and faintly buff, and vary in texture from soft, dense, and
earthy and microcrystalline to hard, dense, and mic¥ocrystalline to fine
crystalline. With numerous local variations, degree of crystallinity
.’ )
increases with depth. Throughout the section are trace to locally
® =
gbundant a2lgal lumps, pellets, several oolite zones., and scattered
pyrite grains. v
. 4 second type of limestone, common only in parts of the upper third of
this section, is extremely argillaceous, waxy and subfissile, soft, and
nedium gray.
. - 19 -
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Present, in minor amounts, are scattered thin laminae of demnse,

dark buff limestone and dolonmite.

The sandstone is light gray to white, very calcareous, well consoli-

[3}]

ated (15,750-15,780 feet is an exception), fairly micaceous, with very

.

snall amounts of pyrite, and occurs as thin, sporadic laminae and beds
in the shale. The quartz grains in the sandstones are angular, mod-
erately sorted, fine to nediunm grained, and clear to gray opaque.

Also present are a few very thin lanminae of light-brown chert
in the shales.and limestones, and below 13,750 feet several very thin

zones of coal, and possible gilsonite.
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Depth (feetjﬂ : Geologic Series, parts nf Series, or Stage

3,800 o v . a s e e e e e In liddle Miocene
6,430 0 . . v« « + + .+ . . . Lower Miocene
4,710 & 4« 4 v+« 4 o+ . . Upper Cligocene
4,560 o ¢ o o 4 e s a s o o« Lower Oligocene
5,830 ¢« 0 o s e e e e e e e Upper Eocene

i e+ 4 « + « « « « .+ . Middle Eocene

W+ « 4« + « « s+ s+ + « . Lower Eocene

Lower Maestrichtian — Upper Cretaceocus
i v o« e v s+ +T4 4 . Cenpenien

W . v 4w 4« « « +« 4+ « +« . Santonian
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v s v« « -« 4+ v « « + » Coniacian

s v v 4 e 4 4 e+ w » Turonian

Cenonanizn

e v v 4 4 s e« « + . Albian — Lower Cretaceous
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10,070 o v v v o v e e e e s Barremian

10,610 v v v v e o e e e e Hauterivian

11,820 v v v v e e e e e Berriasian

12,400 o o 0 v e e e e e e e Tithonian - Upper Jurassic

13,220 « + + « + « « &« . . . KiTmeridgiean

15,820 « « « o 0 o« oo+ o+ (TuD2)

Ane Deterninations ' N

= .

Biostratigraphiec determinations in the Tertiary and Upper Cretaceous
cections were based on foraminifers, calcareous nannofossils and paly-

nomerphs. Early Cretaceous end late Jurassic ages wer

o

delineated mainly
from palyrnemeorphs and to @& lesser extent from nannofossils and foraminifers.
Age diagnostic foraminifers were generally lacking in the interval hetween

8,690 and 15,520 feet.



BIOSTRATIGRAPHY
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Bv William E. Steinkraus

Pzleontological investigations for the COST lo. E-3 well were
conducted largely by International Bilestratigraphers Inc. (written .
communication, 1979). The biostratigraphic analyses were also supple-

mented by John W. Bebout (USGS) and myself. Microfossils studied

lucded foraminifers, calcareous nannoplankton, spores, pollen, and :

2r1n

The biostratigraphic investigations were nade from sidawall coves,

conventional cores, junk tasket core chips, and well cuttings sannioc. e
: =

e 2

Foraminiferal analyses were conducted frem 401 well cuttings samples i

¥
s
.

conposited at 30-foot int
and from 105 sidewall cores. HNannofossil age determinations resulted
fron the sxemination of 193 sidewall cores between 4,100 and 15,785

fzet, from conventional cores and from 30-foot composite-well cuttings,

samples. Palynological studies were made from 90-foot conmposite well

i

i
i
:
:
]
T
3
!
i
L
.
[
k.
:
i
L%

cuttings samples, from 127 sidewall and conventional cdover and Sunn

junk bzsket samples at 13,746-13,747 fect. .

A E ik

e

It was concluded that the B-3 well penctrated about 2,240 feet

of Tertiary strata, 2,650 feet of Upper Cretaceous section and 3,710
fcet of Lower Cretaccous beds. The well also penetrated 3,420 feer of

Upper Jurassic rocks. Himmeridgian-—age palynomorphs have been identi-

ziad at the total depth of 15,820 feet. The following data represent

.

2 composite paleontologiczl summary of the well showing the depth to

the fops of geologic series or stages:

B e s TR PPRE T
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Tertiary

Middle Miocene (3,800-4,410 feet)

Foraminifera: Planktonic species, Globorotalia peripheroacuta,

Cloborotalia fohsi fohsi and Globorotalia siakensis indicate a niddle

Miocene age. The diverse faunal assemblages also include Globorotalia

(=

o

przemenardii, Globorotalia scitula scitula, Bulinmina gracilis, and Robulus

2

Americanus spinesus. Radiolarians are common in the interval between 3,800

ar

Pzlvnonmerghs: Dinoflagellates are rather abundant. Pzlzeocvystodinivm

golzowense is present in the highest sample exauined at 3,810 feet, in-

]
dicating an age not younger than middle Miocere.

Nannofossils: The nannoflora is characterized nmostly by long-ranging

spacies. A niddie liiocens age is suggested, though not confirned, from

the study of the sidewall cores.

Zarly Miocene (4,410-4,710 feet)

Palynomorphs: The interval between 4,410 and 4,710 feet has been

.

defined as early Miocene largely based on the higliest occurrence of

Faguspollenites cf. granulatus and Chirgpteridium aspinatun at this level.

Comparable palynological assemblages of early Miocene age were recognized

in the COST ¥o. B-2 well, .

lLate Oligocene (4,710-4,860 feet)

Foraminifera: Globorotalia opima nana, Globigerina triparcita, and

Catapsydrax unicavus have their highest occurreunce in sidewall cores at

4,710 {eet.

ke Y - e sy = e . Ty e g ek s e e o
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Palynonorphs: The highest occurrence of the dinoflagellate species

- A= - * 3 - 3 L] * ]
Deflandrea phoSphoritica indicates a late Oligocene age. Additional

4
:

zivnomorphs eccurring in this relatively thin interval are Honetryblium

floripes, Pentadiniuwa laticinctum, Chiropteridium dispersun, Cordosphaeri-

diun cantharellum, and Stephodinium spiniferum. Nannofossils: The occur-

et e

rence of Triguetrorbhabdulus carinatus together with Helicopontosphaera

cectz in the sidewall core at 4,710 feet indicates a latest Oligocene

Tarly Oligocene (4,8060-4,950 feet)

Palyvnomorphs: The early Oligocene section is defined from the occur-

‘‘‘‘ of the dinoflagellates Areosphasyidivn diktyoplokus and Cordosphaeridiun

w

interval suggests the absence of sediments of ezarliest Qligzocensz 2ga
ia the COST No. B-3 well. The Oligocene Epoch is divided into early

and late only. T

lLate Locene (4,950-5,160 feet)

The entire Focene section is characterized by rich and diverse faunal

and floral assemblages of foreminifers, dinoflagelliates, and calcareous

Foraminifera: The top of the Eocene is determined from the highest

occurrence of Globorotalia carrcazulensis cocoaensis, Globigerinatheka

alyncmorphs: Late Hecene age is defined by Dinhves colligerun and

- 24 -



Batiacasphaera conpta.

Nannofossils: The sidewall core at 4,965 feet contains the highest

occurrence of Discoaster barbadiensis, Discoasier saipenensis, and

Istiimolithus recurvus.

Middle Eocene (5,160-5,520 feet)

Torvaminifera: The nmiddle Eocene section is identified by the presence

of Globorotalia lehneri, Globorotalia spinulosa, Trunecorotaloides rohri,

¢

ard Mantkenina liebusi occurring in the lower part of the interval. Addi-

tional planktonic foraminifers are Globigerina frontosa, Globorotalia

i

aragonensis, and Glohoratalia pentacawmerata.

Nannofossils: Diverse® zssenmblages observed in the sidewall cores in-

clude Chizsmolithus grandis, Helicopontosphaera lophota, Helicopontcsphoaears

i

eminulun, Chissmolithus solitus, Chiasmolithus consuetus, and Epnantiiifihun

Fy

adians.

Farly Eocene (5,520-6,040 feet)

-

Foraminifera: An early Eocene age is based on thg liighest occurence

=N

Globicerina scldadoensis soldadeensis, Globoreotalia caucasica, and

o]

Cloborotalia quetra. The presence of Globorotalia formosa formosa,

Globorotalia marginodentata, and Globorotalia subbotineze at 5,910 feet in-

dicat=s 2 middle early Eocene age. Assenblages'charac:e:istic of the
tower part of the early Eocene have not been recognized in the B-3
wWa .] l -

Palvnomorphs: The assenmblages in this interval are characterized

-

palvnologicaily by the species Wetzeliella articulueta, Wetzeliella clath

tnraca,

[s\]

Samjandia reticulifera, Duosphaeridium nucun, and Homotrybliup tenuispinosun.

- 95 -
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The leower part of the interval also contains Wetzeliella edwardsii.
Nénacfossils: The highest occurrence of early ILocene species has
been observed at 5,525 feet. The assemblages withia the interval include

1.

Discoaster lodoensis, Chiasmolithus californicus, Disceasteroides rupperi,

snd Tribrachiatus orthostvlus. Additional species are present in the

lower part of the section between 5,940 and 6,030 feet, including Dis-

cosster multiradiatus and Lophodolithus nascens.
¥o microfossil sssemblages characterizing the Paleocene or the latest
Maestrichzian ages have becen recognized in the COST B-3 well.

Cretaceous

Yarly Maestrichtian (5,040-6,200 feet)

L]

Foranminifera: Globotruncana gansseri, Globotruncana conica, Globo-

r ~ - . - R - _ L.y - 1. - - ~
sncana contusa, and Gleohotruncana stuarii have their highest occurrences

Palvnonmorphs: Early Maestrichtian age has been defined from the

occurrence of Hystrichodinium pulchrum in the sidgﬁal}'core at 6,086

feet. The sample vielded a diverse assemblage includifg Isabelidiniun

L

crevaceun, Alterbia minor, and Exochosphaeridivm bifidum.

Nannofossils: In the sparse assemblage beiween 6,040 and 6,070 feet,

Lrnbangelskiella cymbiformis, Tetrelithus aculeus, and Micula stzurophora

iave been identified from well cuttings samples. Breinsonia parca is

present at 6,070 feet and Tetralithus nitidus at 6,086 feet.

Canmpanian (5,200-6,500 feet)
Foraminifera: This interval contains a rich and diverse assemblage

and is chavacterized by Globotiruncana celcarata, Globgtruncana elevata,

- 26 -



GCloeborruncana fornicata, Globotruncana lapparenti, and Kyphopyxa

christneri.
Paivnomorphs: The top of the Canpanian has been based on the highest

aecurrence of Gdontochitina costata and Cvclonephelium distinctum at

6,200 feet. Odontochitina porifera has bheen identified at 6,380 feet.

sils: A characteristlic Campanian assenblage is present in

m

lannofo

the sidewall core at 6,280 feet, including Eiffellithus exinius and

Bukryaster havi.

Sanronian (6,3G0-6,920 feet)

Forszaminifera: The top of this stage 1s placed at the highest occur-

rence of Globotruncana cencavata, Globotruncana carinata, and Globotruncana

coronata at 6,500 feet. It should be noted, however, that the phost

_wceurrence of the nannofossil indicator has been observad 30 fecelt atove

this interwval.

Palynonorphs: The Santonian has' been identified by the occurrence

o

f Dinoptervgiun cladoides and Tanvosphaeridiuvm variecalanun at 6,560

gt
feet znd Czllajosphaeridium asympetricum at 6,740 féet.

Kannofossils: The stage is recognized by the presence of Marthas-

verites furcatus which has its highest occurrence at 6,470 feet.

Coniacizn (6,920-7,910 feet)
Palynomorphs: The top of the Coniacian has been determined from

the hicghest occurrence of Schizosporis reticulatus and Cicatricosisporites

serforatus at 6,920 feet. Heliosporites sp. and Appendicisporites ci.

4. segoentus is present at 7,260 feet.
st . s et Emeia i . _ - .
Tovaninifera: Age-diagnostic foraninifers appear to be absenit 1n

tie vppermost part of the interval and the fauna is indicative of an inner
3
7 -

g



shelf environment of deposition. The planktonic species Globotruncana

—schneegansi and Globotruncana sigali oceur at 7,110 feet.

Turonian (7,910-8,180 feet)
Foraminifera: The foraminifers present at 8,040 feet include

Przeglobotruncana stephani, Praeglobotruncana turbinata, and Lingu-

iogavelinella turonica. The highest occurrence of Globorotalia

helverica is slightly lower in the interval.

Palvinomorphs: The top of the Turonian is based on the highest

oeccurrence of Coronifera oceanica and Proteacidites sp. Exeisipollenites

tupulus is present at 8,095 feet.

Cenomanien (§,180-5,690 fecet)

Foraninifera: The Cenomanian top is based on the highest occurrence

of Rotzlipora cushmzni at 8,180 feet. Other foraminifers including Rotali-
1

pora greenhornensis, Rotalipora reicheli, and Glebigerinclloidus baul siulie

kns

pi]

ave also present in the upper part of this interval. -

Palynomorphs: The Turornian is delineated by:thé highest occurrence

a R

of Perinopollenites elateides.

Nannofossils: A sparse nannoflora.characterizes this interval.

Cenomanian-age species include Cruciellipsis chiasta at 8,200 feet and

Corcllithion sp. "A" at &,230 feet. )

Albian (8,090-9,530 feet)
Palvncmorphs: The top of the Eavly Cretaceous section has been

defined by the commen cccurrence of the dinoflagellate species Spinidinium

vestitun in the sidewall core sample at 8,690 feet. The top of. the Albian

- 28 -
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a2y, however, be slightly higher as evidenced by the rare occurrence of

fpt

the- pollen-species Corolina torosus at 8,630 feet.

tannofossils: The Albian section is recognized from rare specioens

of Braarudosphaera africana and Nannoconus bucheri at 8,770 feet.

Foraminifera: This interval yielded poor faunal essemblages.

Favusella washitensis occurs at 9,470 feet. The benthonic species in the

interval are characterized by Epistomina spinuiifera colomi, Robulus

muensteri, and Tritaxis pvramidalis.

apeian  (9,530-10,070 feet)
Palynomorphs: The Aptian has been deternined by the highest occur—

£ "“Cyclonepheliun" tabuletum, Pilosisporites trichopapilosus,

verus at 9,530 feet. Systemmatophora schindewolfii

Ly
v
147]

nd Pilosisporit

is prescont at 9,890 fcet.

Nannofossils: Rare specimens of Nannoconus globulus occur at 9,640

feat. Conusphaera mexicana is present lover in the interval atr 9,830

Earrenmian (10,070-10,610 feet)

Palynemorphs: The top of the Barremian is placed at 10,070 feet,

hased on the highest occurrence of Muderongisz simplex and Muderongia

sraurota. Pscudoceratium pelliferum is present at 10,100 feet.

Bauterivian (10,610-11,920 feet)

Palynomorphs: The mutual essociation, at 10,610 feet,0f "Ctenidodiniunm

elegantulum, "Broomia" jaegari and Pseudoceratium pelliferum is indicative

of Uilliams' (1975} "Ctenidodinium elegantuiunm zone" (provisionally dated

jab]
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Berriasian (11,920-12,400 feet)

1

NennofTostils: The top of the Berriasian has beew place

o

1 e 11 09N
=¢ at 11,520

feet based on the rare occurrence of Polycostella senaria and the presence

of Wannoconus bronninmanni. Delineation of the Berriasian section in other

wells in the offshore Atlantic has generally been based on the highest

occcurrence of Polvcostella senaria. The species was identified at a

depth of 11,500 feet in the COST No. B-2 well.

Juressic
Tithonian (12,400-33,220 feet)
Palvnonorphs: The exact placenent of the Jurassic-Cretaceous bound-
ery has been somewhat prnblenaclc among paleontologists working wells
in the Baltinore Canvon area. Tor the sake of censistency, the @rd

-~

of the Tithonian is here interpreted on the basis of the highest ecouv-

rence of "Ctenidodinium' panncum together with "Ctenidodiniuz” culmulum

at 12,400 feet. The joint occurrence of these species conforms with

Jiliiams' (1975) "Ctenidoedinium panneun zone' which he provisionally

jo N

dated as Tithonian. It should be noted that in many of-the Atlantic

0CS wells the dinofiagellate species 'Ctenidodiniun" panneun has its

highest occurrence at or near that of the nannofossil species Hexalithus

noelae, This nannofossil species is not known to occur above the

.

Tithonian.

n {13,220-5,820 £

£+

]

ot
S

iy

rimmericdgi

Palyvnomorphs: The top of the Kimmeridgian is placed at 13,220 feet

bascd on the highest occurrence of the dinoflagellzte &peccies Gorv 1ulacysta

jurassica. Senoniasphacra jurassica has also been identified in the

- 30
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cuttings sanple at 13,220 feet. No palynomorphs indicating an age older
than Kimmeridgian have been observed in the samples down to the total
depth of 15,820 feet.

Foraminifera: The presence of the foraminifer Pseudocyclammina

jaccardi at 13,960 feet indicates a Kimmeridgian age.
Nannofossils: The nannoflora in the sidewall samples is extremely

sparse. The rare occurrence of Polypoderhabdus escaigi at 13,280 feet

provides additional evidence of a Kimmeridgian age.
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GEOLOGIC CORRELATION WITH OTHER WELLS

By Frederick Adinolfi and Sara S. Jacobson

The COSf No. B-3 well has been correlated to the COST Ko. B-2 well,
which was drilled 32 statute miles north of the 2-3 site in 1976. The
stratigraphic column of the COST No. B-3 well (pl. 1) summarizes the
lithologic, geochemical, petrophysical and paleontological data described
clsewhere in this report. ?ﬁe stratigraphy of the COST No. B-2 well has
been described by Smith and others (1976), Scholle (1977}, and Poag (1978).
Plate 2 is a time-stratigraphic and rock-stratigraphic correlation of the
rwo Mid-Atlantic COST wells based on palcontologic data, geophysical logs
znd lithologic descriptions. The five correlative lithologic units shown
on plate 2 are summarized from bottom to top as foilows: 1) non-marine to
narginal marine debosits of Late Jurassic (Rimmeridgian) age consisting
ci interbedéed shale, coal, sandstone and, in the-B-3 well, limes;one{

2) limestone, sandsténe, and shale deposited during a na jor late Jura§sic

to Early Cretaceous (Tithonian and Berriasian) m%;iﬁévtrnnsgxacﬂi$yi

3} a Lewer Cretaccous progradational sequence domiﬁégéé by thick-bedddd
sandstones; 4) calcareous shale, mudstone, ana glauconitic sandstone
deposited during a Late (retaceous marine transgression—-— a Lower Maestrich-
tian unconformity represents the culmination of this transgression;

5) a Tertiary section which grades upward from Eocene limestone tO Miocene
shale and sandstone.

The COST No. B-2 and B-3 time-stratigraphic correlations have been

extended to the ESSO Wo. 1 Hatteras Light and COST No. GE-1 wells

to the south and to the Shell Xo. B-93 iHohawk, Shell No. 0-25 Oneida
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ané Mobil No. C-~67 Sable Island wells on the Scotian Shelf to the

north (pi. 3. borrelations were a21lso extended to the USGS Ho. 1 Igland
Beach and Anchor Gas No. 1 Dickinson wells located dn the New Jersey
coastal plain (pl. 4). Biostratigraphic and lithologic data are taken
from published reports.

Dara from additional wells and submarine outcrop samples were also
| considered to conplete the stratigraphy from Nova Séotia to Florida.

Because correlarions have been drawn over great distances between the

wells, interpretations should be considered tentative.

Pre—-Hesozoic Basenent Rocks

Cambrian-Ordovician: metamorphic rocks hé;e.begn encountered beneath
the Scotian Shelf, and Devonian granites are present in the Gulf of
Maine as well as on.the Scotian Shelf (Ballard and Uchupi, 1973; Jansa
and Wade, 1975). Prg;ambrian granite and Paleozoic sedimentary rocks
ranging in age from Early Ordovicianlko Devoniap are present as basement

N .
underlying the Mesozoic and Cenozoic sediments of worthern Florida,

1

Georgia, and the Southeast Georgia Enbayment (Maher,"i97l; Simonis, 1979}.

0lder Meseoznic Rocks

Subsurface Triassic and Lower to Middle Jurassic sedimentary rocks
have only been reported in the northern Atlantic along the Scotian shelf.
Continental red beds with anhydrite (Eurydice Formation of Canada) and
salt (Argo Formation of Canada) were deposited in restricted basins con-
tained in rift valleys (McIver, 1972; Jansa and VWade, 1975; Given, l977j.

These beds are overlain by a dolomite-evaporite sequence (Irogquois
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Formation of Canada), thought to represent a marine transgression prior
! —mm v o : ,

. to opening ¢of the Atlantic (Given, 1977; Jansa and Wade, 1975). On

the basis of seisnmic stratigraphy, the presence of these older Mesozoic

rocks has been inferrved in the Georges Bank Basin and Baltimore Canyon

i Trough (Poag, 1978).

Middle to Late Jurassic

Both the COST No. B-2 and COST No. B-3 wells bottomed in an Upper
Jurassic clastic interval co;sisting of interbedded sandstone, silt-

: stene, shale, and coal (pl. 2). The shales in the B-2 well are
variegated gray, brown, and red, whereas in the B-3 well they are
mainly gray. Limestone is present in the B-3 we;l‘but not in the B-2
well. The deepest sediments penetrated in the Shell ﬁo. B-93 Mohawk
and Sheli %o. 0O-25 Oneida wells consisted of a similar clastic interval
of.Middle Jurgssic age (pl. 3). These sediments (Mohican Formatiop)

overlie the Lower-Middle Jurassic carbonates on tbe Scotian shelf and

»

may represent the first period of continental clastic desogitiosn foillewing

the initial opening of the North Atlantic Ocean (Given,.1977; Jansa

and Wade, 1975; McIver, 1972).-

Late Jurassic te Early Cretaceous

A major marine transgression apparently characterized Late Jurassic
tine along the Atlantic continental margin. Limestone and sandstone
constitute the Upper Jurassic to Lower Cretaceous interval in the COST
%o. B-2 well. The COST No. B-3 well penetrated more than 1,300 feet of
Upper Jurassic oolitic yrainstone and sandstone {pis. 1 and 2.
On the Scotrian Shelf of Canada, four different facies have been described
from sediments of this age: (1) fluviai ahd near—shore sandstones (Mohawk and
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Lower Missisauga Formations); (2) near-shore calcareous shales with inter-

bedded calcareous sandstones and limestones (Mic Mae Formation); (3) a
shallow marine limestone-shale sequence (Abenaki Formation); (4) a deep-
shelf facies mostly composed of calcareous shale (Verrill Ceanyeon Formation)
(Given, 1977; Jansa and Wade, 1975; Mclver, 1972). Submarine outcrop
szmples from Heezen Canven on Georges Bank contain a Neocomian (Eariy
Cretaceous) fossil assemblage. These bioclastic linestones and calcareous
sandstones were deposited along a reef tract on a carbonate platfora (Ryan
and others, 1978).

In southern Florida, the Amerada No. 2 Cowles Magazine well pene-
trated about 2,200 ft of Upper Jurassic (?) oF‘Lower Cretaceous (?)
oolitic limestone, anhyd}ite and shale with é-basal arliosic sandstone
(~pplin and Applin, 1965). Basal arkosic sandstone and conglomeratc
of Late Jurassic or Early Creraceous {(Neocomian} age are prescuit An
the Z850 No. 1 Hatteras Light well (ﬂaher, 1971). Xo Ju:assic rocks

have been identified in the COST Ko. GE-1 well.:.

Early Cretaceous

An influx of clastics in the form of prograding delta wedges charact-

T -
1 ne

erize the Early Cretaceous northern Atlantic continental margin. ot
COST Xo. B-2 well, thick sandstones interbedded with shales, and thin
lavers of coal and limestone were deposited under dominantly nonmarine
conditions (Poag, 1977). The deltaic sand section in the B-3 well contains

thicker shale intervals and more numerous limestoné beds than that section

in the B-2 well. In the B-2 well, the top of the Lower Cretaceous (Albian)
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is marked by a progradational sandstone. This proninent shale/sandstone
—--contact..occurs at the same depth (8,200 ft) in the B-3 well, where it marks
the top of the Cenomanian (lower Upper Cretaceous).

Onshore, the Lower Cretaceous and locally Cenomanian Potomac Group, ex-
posed in the Salisbury Embayment and penetrated in the USGS No. 1 Island
Beach and Anchor Gas No. 1 Dickinson wells, consists of fluvial-deltaic
gravels, sand, and varicolored silt and clays (pl. &4). Generally, correla-
tive onshore intervals arg-thinner and coarser grained than offshore.

On the Scotian Shelf, thick, massive sandstone units of the Missisauga
Formation grade verticélly and laterally into prodelta shales of the
Verrill Canyon Formation. Above this is the nonmarine to marineg Nekagnpi
Shale which is overlain by the siltstones andlgandgtones of the Logan
Canyop Fornation and the laterally eguivaleat marine shales of the Dawson
.Canyon Formation. The upper units are indicative of a slow regional
transgression which gontinued into the Late Cretaceous (McIver, 1972;

Jansa and Wade, 1975; Given, 1977). This is well illustrated in the 8,000~

-

foot—-thick Lower Cretaceous interval in the Mobil No. C-67 Sable Island

well (pl. 3).

In the COST No. GE-1 well, Lower Cretaceous terrestrial to shallow
marine sandstone and shale redbeds are oveilain by shallow nmarine carbonate
rocks and associated evaporites. Above the 9érbonates is an Albian to
Turonian regressive sandstone, which includes an unconformity between
the Upper and Lower Cretaceous (Poag, 1979). A shallow, trepical sea

covered south Florida during the Early Cretaceous and resulted in deposi-

tion of intrerbedded carhonate rocks, evaporites, and thin lenses of dark

shale (Maher, 1971).
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Lare Cretaceous

---=-  A-marine transgression resulting in deposition of a deeper-water facies
occurred during the Late Cretaceous along the Atlantié continentai margin.
On the Scotian shelf, sandstones and siltstones of the Logan Canyom
Formation, the marine shales of the Dawson Canyon Formation, and the
Wyandot Chalk were deposited in increasingly deeper water (Jansa and
Wade, 1975; Given, 1977). Tyo Upper Cretaceous outcrop samples from
submarine canyons on Georges Bank consisted of brown and black sandy
nmudstones deposited in upper—slope water depths (Ryam and others, 1978).

Calcarcous shale, mudstone, and glauconitic gandstonc deposited
during the lLate Cretaceous in both the COST No. 3“2 and B-3 wells
indicate open shelf marine deposition. Owens éﬁd Sohl (1969) recognized
two transgressive cycles of sedimentation during deposition of the Upper
Cretaceous Raritan and Magothy Formations of the HWew Jersey coastal

B Ea

plain (pl. 4). In outcrop, the Raritan Formation (Cansaanina &

consists of light colored sand and dé&k clay and'ig sepafated frem tho -
- .'

overlying tagothy Formation by an unconformity. Tﬁg Hqgothy Formation

(Santonian~Campanian) contains cross-stratified quartz"éand, clay, and

carbonized wood fragments deposited in afmarginai mariﬁe (beach) environ-

ment (Perry and others, 1975). Coniacian regressive sandstone intervals

have heen identified in the USGS No. 1 Island Beach, the Anchor Gas

llo. 1 Dickinson, and the COST No. B-2 and B-3 welils (pl. 4). This

Late Cretzceous regression is not recognized on the Scotian Shelf.
According to Petters (1976), a second Late Cretaceous transgression

began during the early Santonian on the New Jersey coastel plain. The

transgression was followed by oscillation of the shoreline during the
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late Campanian and Maestrichtian producing alternating greensands and
“t&gressive-sand units (Petters, 1976). The final regressive sandstone
vas penetrate§ at 5,000 feet in the B-2 well and is nissing in thé

B-3 well (pi. 4). Chalk and nudstone characterize the Upper Cretaceous

interval in the COST No. GE-1 well (Amato and Bebout, 1978); a glauconitic

clastic section was penetrated in the ESS0 No. 1 Hatteras Light well.

Tertiary

An unconformity at the top of the Cretaceous has been identified
in the three Atlantic COST wells and on the Scotiam Shelf. Paleocene
sediments are generally very thin or nissing in all these offshore
wells (pl. 3). However, exposures of green glauconite sand of Prlucueinw
age on the coastal plain of New Jersey have been reported (Owens and
others, 1977). A conspicucus Isature of
wélls is the.occurence of a lower Tertiary carbonate facies; these chalks
were deposited at depths equivalent to those foupd on the continental -
slope (Smith and others, 1976; Scholle, 1879). in‘tée‘CGST No. B-2
and B-3 wells, Eocene chalk is overlain by Oligocéﬂé éléy. Evidence
of a late Oligocene regreésicn is present in bﬁth those COST wells,
E Steink;eus, UsGS, oral

on foraminiferal biostratigraphy (W. E.

Lased

]

commun., 1979). This brief regression was followed by a rise in sea

level, and deposition of a prograding shelf segquence of HMiocene clay
and, in the COST No. B-2 well, sand.
Eocene outcrop sanmples were collected from the walls of Heezen sub—

marine canvon on Georges Bank. They consist of deep—water canyon—-fill

deposits of brown, silty mudstone overlain by pelagic white chalk (Ryan

and others, 1978). .
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To the north in Canada, carbonates are absent in the early Tertiary

cection in the Scotian Basin; these sediments are predoninantly clays :

(Jansa and others, 1578) (pl. 3). The clay occurs in the Banquereau, g
Formation with subordinate anounts of sandstone and marl {(Jansa and
Wade, 1975). Several hiatuses in deposition are recorded in this sequence. i
As in the Mid-Atlantic, a late Oligocene'regression is noted on the;
Scotian Shelf, during which coarser clastics were déposited. However, b
on the Scotian Shelf, this regression continued into the Pliocene {(Jansa
end Wade, 1975). In the COST No. GE-1 well, Paleocene, Eocene, and
logwer Qligocene limestones were deposited on a marine carbonate shelf - -
(Valentine, 1979). This was followed by a rise in sea level and.depositiqn
of upper Oligocene and Miocene silty nud and.limestone. lLight-colored
limestones characterize the Tertiary deposits of Florida {(Maher, 1971). i
in summary, the late Mesozoic and Cenozoic geologic history of t@e ‘
Baltimore Canvon area appears to have been dominated by & major marine

transgression. This transgression was interrupted By a extensive deltaic

3
i

progradation in the Early Cretaceous. In additibﬁf ?ggressions have

been identified during the Coniacian (Late Cretageon;j and late Oligocene
(Tertiary). This generalized geologic.history can Be correlated to equi-
valent rock seguences in basins both north and south of the Mid-Atlantic

OTEd .
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DEPOSITIONAL ENVIRONMENTS

—_—— ——— . . By John W. Bebout and David J. Lachance

Both paleontologic and lithologic analyées of the COST NO. B-3

sediments have been applied to the determination of the environments

of deposition represented in the well. Paleobathymetric interpretations,

however, are based largely on the distribution of benthonic foraminifers

as reported by International Biostratigraphers Inc. (written comnuni-

cation, 1979). The paleobathymetric interpretations become progressively

less precise with increasing geologic age, because they are derived by

comparing fossil benthonic assemblages with Holocene assemblages known

to favor certain environments.
Palynologic and lithologic studies of the B-3 well supplemented the

»21 data, and they provided additional insight into the densosi-

(579
i

fFmra—min
fgramin 3
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tional environnments. The results of these studies are discussed in this

chapter.

From a cdetailed study of the distribution of_Benthonic foraminifers,

International Biostratigraphers Inc. determined the follawing general

environments of deposition for the COST Ro. B-3 well:



——— —_—t e

Depth (feet) Envirennent
3,800 - 4,710 i4r“160 Quter neritic-upper bathyal
4,710 - 4,950 L.2l7 4 Quter neritic
) ‘ 4,950 - 5,160 L+ ° Upper bathyal
&\ CSp ' 5,160 - 6,040 Middle bathyal
¢ 6,060 -~ 6,540 Quter neritic
, L T30~ biuo
° 6,540 - 8,040 Outer neritic to marginal marine
8,040 - 8,180 Quter neritic
8,180 - 8,690 Quter neritic to marginal marine
8,690 ~ 9,600 - Marginal mariné - shallow shelf? *
. 9,600 - 10,100 Shallow marine to inner shelf
' 10,100 - 10,600 Nonmarine to marginal marine -
10,600 - 12,300 Marginal mariné to outer shelf
H 12,300 - 13,500 Quter to inner shelf
13,500 - 13,700 Outer shelf
o 13,700 - 15,820 (T.D.) Inner shelf to nonmariann?

*In the Lower Cretaceous and Upper Jurassic sediments of the Atlantic
offshore few species are present which may be compared directly to living
forms; consequently, less precise paleobathymetric térms have been applied.

This chapter compares these foraminiferal /data with changes in the

.

ratio of terrestrial tc marine palynomorphs recovetred from B-3 sediments

and discusses pertinent lithologic data.

As a group, palynomerphs are not generally regarded as sensitive palec-

o

bathvmetric indicators, although sone progress is being made through the
vee of select dinoflagellate genera. It ha; iong been recognized, however,
that the distribution of terrestrial species (spores and pollen) in marine
sediments can be useful in reconstructing paleohydrologic conditions (for
example, Muller, 1959, and Stanley, 1965).

Generally, the amount of spores and pollen in modern marine sediments

_‘{‘l..
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decreases seaward, owing to a lateral and vertical mizxing with marine water

~'SF lower Sedimentary-particle concentratioms. This is not necessarily a

simple linear relationship, because their abundance is also affeéted.
by surface currents.
Palynologic data for the COST No. B-3 well were plotted (fig. 5)
as the percent of terrestrial forms versus depth, and this curve is com~
pared to a paleobathymetric curve based on foraminifers which was generated

by International Biostratigraphers, Inc. (written comnunication, 1979).

9]

The "ages" used in this chapter, and on figure 5, are assigned
azccordéing to the USGS interpretation presented in this report. They repre-
sent a2 composite based on foraminifers, palynomeorphs, and nannofossils (seg
Steinkraus, this report):

*he two curves were subdivided into nine ingervals (A=1). Wizads
most of these intervals, the two curves simply substantiate cach other;

in other intervals, however, a comparison of the two curves has provided

th

sooe additional information on the environments 'of deposition for sediments

in the COST Ko. B-3 well.

o

Interval A, depth 15,820-14,000 feet (Yitmeridgién). Foranminifer
recovery from this interval was poorT, and the linited data indicate a
nmarginal marine environment. The percentage of terrestrial palynomorphs
in anv sample within this intervael, however, does not exceed 40 percent;
in other parts of the well, this percentage is generally associated with
deeper water. Lithelogically, numerous thin coals interbedded with shale

and oolitic, algal and pelletal limestone indicate intermittent changes.

1
3

'.J
(1]
o
ri
[#)

nzment of depesitiscn from nonnarine Lo challow parine, possibly

-t
j)
cu
)
'.._l
iy

lats. Transport of marine palynonorphs shoreward by ticdal currents
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Figure 5.--Abundance of terrestirial palynomorphs compared with
raleobathymetry of foraminifera.
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is a possible cause for the apparently anopmalous palynomorph content.

_——— —— e
P -

Egﬁprvai B, depth 14,000-9,800 feet (Ximmeridgian-Aptian). As de-
deternined from the foraminiferal water—depth data, this intervallrepresents
alternating marine transgressions and regressions. This interpretation
is supported by the palynomorph curve which also shows several 'peaks
and valleys," although the two curves do not match well. The lack of
correlation presumably reflects the generally poor palynomorph recovery
from this interval (many cuitings samples were barren of all but caved
fossils).

Lithologically, the Jurassic section between 14,000 and 12,400 feet
is similar to that of the underlying interval Ajlexcept that limestone is
more abundznt and coazl is absent. Al though manf of -the limestones are
ricrites and pelletal wackestones indicating deposition below wave base,
£osgsiliferous oolitic grainstones near 12,600 feet reflect high-energy..
very shallow marine environment. LiFhology of the section bziwzut 14,30
and 12,400 fect points to deposition in water degﬁﬁé'soméwhat shallover
than those interpreted from foraniniferal assembiégggél.A Lower Cretaceous -
(lower Heocomian) shale sequence between 12,400 and 114630 feet contains
2 few thin beds of argillaceous limestone in its lower part and is
progressively siltier and sandier toward the top. This litholiogic unit
ig interpreted to represent 2 rapid marine transgression folicowed by a
gradual shallowing. The foraminifer curve generally supports this
interpretation.

A major deltaic progradation during late Neocomian to early Aptian .

™
v =

recented between 11,630 and 9,900 feet by thick-beddezd sand-



stone interbedded with shale, limestone, and a few thin coals. Texturally,
“~the Sandstones vary from very coarse to fine-grained, and from very poorly
to moderately well sorted, and are interpreted to represent deposition

in channels, delta front, and offshore bars. A shale and limestone zZone

between 10,950 and 10,750 feet coincides with the low percentage of
terrestrial polynonmorphs at 10,880 feet and possibly indicates a brief
marine transgression. On the foraminifer curve this transgression is

shown to occur slightly lower (earlier) probably due to cavings.

Interval C, depth 9,800-8,300 feet (Aptian-Cenonanian). As inferred
from the foraminiferal dacta, most of the sediments in this interval were

deposited in a fajrly uniform marginal marine.environment. The palynomorph

curve, however, indicates at least one deeper water incursion represented

h

between 8,700 and 8,400 feet,

Between approximately 9,800 and 8,700 feet a thick shale interval
indicates either a marine transgression or a lateral shift of deltaic
supply of sands. The time-equivalent section iﬁﬁthg B-2 well contains

thick bedded sandstones showing that sands were being;deposited shore-

ward (?7) of the B-3 loﬁation. Thin coal beds ét-9,500 feet support the

[ T O L
[N RS PTRR TS Do

paleontologié evidence for shallow—waéér environments.
sandstones increase in number in the upper part cof the shale section,
herzlding anotiher major phase of sand deposigion.

From 8,700 to 8,200 feet, thick Cenomanian sandstones are interpreted
to have been deposited in a delta front setting. Interbedded micritic

limestones were probably deposited near an area of active clastic deposi-

tion. There is no lithologic evidence for the palynologically interpreted

_45._
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deepening of water during deposition of the sédiments between 8,400 and
&;709 feeti~It-1s possible, however, that different types of palynonorphs
may have been mixed by tidal currents.

Interval D, depth 8,300-7,800 feet (Cenonanian~Turonian). During
deposition of these sediments, an increase to outer shelf water depths
is indicated by foraminiferal assemblages. Correspondingly, the percentage
of terrestrial palynomorphs decreases from a high of 70 percent in the
interval below to less than 3Q percent. Lithologically, the transgres-—
sion is reflected by a sharp change at 8,200 feet from sandstones below
tc a thick section of shale and claystone above.

Interval E, depth 7,800-6,600 feet (Coniacian—Santonian). According
to foraminiferal data, this interval indicates a'éeﬁergl shallowing. It

s interesting that although the foraminifers indicate marine (reiene)

[WN

environments, terrestrial species constitute more than S0 percent in sone
szzples. This disproporticnately high percentage may be due to the
p;oximity of a major drainage source;‘glauconitic §§ndstopés are common
in this section.

Egtefval F, depth 6,600-6,000 feet (Santqnian—eagijaﬁaestrichtian).
This interval consists .of gray claystone aqd brown siltstone. Foramini-
ferel data suggest a fairly uniform water depth of 300-600 feet for most
of this interval. The percentage of terrestrial;ﬁalynomorph forms is corre-
spondingly less. The palynomorph curve does suggest at least one deeper
water incursion duriﬁg this interval, peaking near 6,200 feet. The paly~-

nomorph peak near 6,200 feet coincides with a zone of calcareous, slightly

glavconitic siltstone.



Interval G, depth 6,000-5,000 feet (Eocene). Within this interval,

~“"foraminifers indicate vpper bathyal (600 to 3,000 feet) conditions,

apparently.the greatest water depth at which B-3 sédiments were aepositeé.
The interpretation is dramatically substaatiated bx the palynomorph curve,
which shows a virtual absence of terrestrial forms. Both curves strongly
suggest hiatuses bounding the Eocene Epoch. The lithology, consisting
of light-gray calcareous claystone ranging to clayey chalk, is consistent
with'the bathyal depositional depths indicated by %he paleontologic data.
Interval H, depth 5,000-4,700 feet (Oligocenez. Quter neritic water
depths (300-600 feet) are suggested by foraminifer%l data for deposition-
of these sediments, mainly gray clay and glauconitic sandstone. As expecpea,
terrestrial palynomorphs are ccrrespondingly.ﬁore,abundant. Both curves
strongly suggest hiatuses bounding the inter?al.; !
Interval I, depth 4,700-3,800 feet (Miocene). .Foraminiferzl Josun
blages indicate that during deposition of this sequencé water depths
decreasad from 600-1,500 feet to 300-600 fect.%?ﬁo%ewhét suprisingly;

. . AP PR .
the percentage of terrestrial palynomorphs within this interval increases

to a maximum 66 percent of the total palynoflorule. Judging from the
L

data for the rest of the well, this is a nuch highqi proportion than
expected for that water depth. - !

Litheologically, this iInterval consists mainlylof Yight~-gray clays
and dark-green glauconite sands. The glauconite sands appear to

be concentrated in the lower part of the interval between 4,400

znd 4,700 feet, and are interpreted to represent a period of low

th

terrvigencus influx during en early Miccene trenggressicen after
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a major Oligocene regression. Later Miocene(?) progradation of the
shietf carr-be.seen in regional seismic records as large=-scale
beds. The high terrestrial palynomorph content at 4,410 feet may be

due to high terrigenous influx during early stages of this major

progradation.



SEISMIC VELOCITY DATA AKD CORRELATION
- : By George R. Carlson
Netailed seismic velocity data for the COST Ro. B-3 well weée obtained
by correcting the integrated sonic log with the uphole velocity survey.
The corrected velocities were compared at shotpoint 2306 on seismic re-
flection line 25, a 48-fold common-depth-point {(CDP) stacked data line
acquired by Geophysical Service Incorporated in 1978.
The B-3 well was drilied in an area of sparse seismic coverage,
she closest seismic line being approximately 8 statute niles downdip to
the southeast (fig. 6). It was necessary to project the B-3 well on
strike to seisnmic line 25, shotpoint 2906, approximately 10 niles to
the scuthwest, to carry out the velocity corrélations and analyses.
Velocity analyses were run every 1 3/4 miles along line 23, and o9 thr
average, 6-8 events were picked between 0 and 4.0 seconds on thz velocd oy
displavs for calculations at shotpoint 2906. Corrected v;locities'from
the geophysical log were also compareﬁ with geologic'déta fron the well.
Despite the limited seismic data coverage, it Qég possible to correlate
thhe B-2 well with the B-3 well, approximately .32 mile; to the south,
by meams of seismic lines (fig. 6). Both wells were projected along seismic
liﬁes to a common dip line, USGS line 2, for comparisen. Interval veloclty
ecurves were prepared along with time-depth curves, to compars tne twyu walli.
Time—depth curves constructed from both the corrected geophysical
log and shotpoint 29006 on line 25 were plotted on the same coordinates
and show a notable discrepancy (fig. 7). Two factors may be responsible
his discrepancy: (1), The seismic line lies approximately 10 miles
from the well and a lateral wvelocity change nay exist betwceﬁ the lirne
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and well (velocities at shotpoint 2906 appear to be 58 percent higher
than at-the B-3 well); and (2), in calculating the time-depth curve for
line 25, shotpoint 2906, the root-mean-—-square velocities were uséd,
which are 3—5‘percent faster than the average velotities used in geo-
physicél log calculations. Thus, the combination of giightly faster
velocities used in the calculations, plus the possibility of a lateral
velocity change, could produce the discrepancy shown in figure 7. The
apparent enlarged discrepancy at greater depths is due to the linear
depth scale used.

Interval velocities derive& from the velocity survey log and fron
line 25 are shown in figure 8. Though not immediately apparent from this
graph, cverall agreement of velocities is good.. bnly 6 intervals verg

'calculated for line 25 because of the lack of recognizable eventr cn the
vglocity display, causing the reflection data to be averaged over izrge
interv§ls. The inte;val velocities agree very well; the reflection daté,
when averaged, and log data agree wigﬁin 2 percent.

The velocity surveys conducted in both wells iqdicated a considerable,
lateral vériation in veleocity. The time-depth curves éﬁ figure 9 show
the general velocity relationship between the twé wells. DMost of the
difference in average velocities is due to™much deeper water al the
location. A thicker section of sedipents (shallowar wster) in the B-2
well than at the B-3 location is interpreted to be the main cause for the
higher interval velocities in the B-2 well down to ap@roximately 16,000
feet (fig. 10). Below this depth, the greater amouni of limestone in the

B-3 well causes the higher velocities in the B-3 well in most intervals.
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Sonic—derived velocities from the B-2 and B-3 wells were correlated

et i -
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~with seismid
USGS line 2 (pl. 5). The two wells were projected to line 2 alsd, and
tied seismicaily using the four correlatable seismic reflection horizons.
N Piate 5 shows a segment of line 2 with the two wells pletted, showing
their generalized lithologies and geologic correlations of the section.
in projecring the wells to a common line it was necessary
to disregard the sea level datum and tie the horizons by seismic char-
acter. This dees not affect the calculations in any‘way; it ig only
) a graphical representation probiem. The seismic everits are strong be-

sween the two wells. The abrupt changes from the shale-limestone-sandstone

interfaces produce good reflectors that can be traced over the area.

Despite 1ithologic and facies changes between the twé walls, the puimery

seismic veflectors seem to be continuous. According to interval velocities

e

lithologic units in both wells correlate closely, especially at greater

——

depths. ) \
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IKTERPRETATION OF GEOPHYSICAL LOGS
-t T - By Renny R. Nichols
Schlumberger Limited ran the following geophysical ("electric™) logs
in the COST HNo. B-3 well to provide information for stratigraphic correlation
and evaluation of lithology, porosity, and fornmation fluids:

Depth interval
(ft) below K.B.

Dual induction-spherically focused log (DISFL)-———===m——" 3,753-15,810
Leng-spaced sonic log (L8S)~—————-—=w-m——ooo—mmemom oo 3,753-15,810

Compensated neutron log/compensated formation

Gensity log (CHL/FDC)=mmmmmmmmmmmmmmm oo oo e 3,753-15,810
Conpensated formation density (FDC)——--———-———*-—; ———————— 3,753-15,810
Eigh-resolution dipmeter (HDT)——==-——mo—ooswmemmmsmmssmes 3,753-15,810
Proximity microleg (PML)s—=——r———=——m—roomosmom o s 5,726-15,813
Dual lateroleg (DLL)-=~---m———m————==—————mooo o msem e 12,654-15,803
Repeat formation tester (RFT), Tests 1, 2, 3, 4--——===——— 15,748-15,7I%

Expleration Logging Inc. prévided a mud log, a dgiliing data pressure
log, a wireline data pressuré log and a pressure analysis log.

The geophysical logs were analyzed invaegail to determine the thick-
ness‘(in feet) of effective porosity (at least 8 percent) and hvdrocarbon
present, as well as average porosities. Reservoir rocks with porosities
less than 8 percent were disregarded. A combination af all logs was
used to help distinguish shale and siltstone streaks, but‘a detailec Xicho-
iogic determinaztion from sanmples, cores, and sidegall cores is necessary

to suhstantiate the following preliminary estimates.
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Thickness (fr)

of beds with Average Water Thickness (ft)
effective . Porosity Saturation of beds with
Depth (feet) porosity (percent) {percent) Hydrocarbeons
6,000 - &,500 8 23 HC* 0
6,500 - 7,000 91 24 NC 0
7,000 -~ 7,500 - - _ NC 0
7,500 - 8,000 107 i9 He' 0
8,000 - 8,500 187 21 KC 0
8,500 - 9,000 202 . 16 NC 0
0. 000 - 9,500 56 16 NC 0
$,500 - 10,000 37 . 16 NC 0
10,000 - 10,500 207 22 ‘ KC 0
10,500 - 11,000 88 18 NC 0
11,000 - 11,45C 259 16 NC 0
11,450 - 12,000 142 21 . KC 0
12,000 - 12,500 33 19 : ne 0
2,500 - 13,060 33 15 NC 0
13,000 - 13,500 16 12 NC 0
13,500 - 14,000 6 10 ' NG n
14,000 - 14,500 3 11 M 4
4,500 - 15,000 34 9 HC 3
15,000 = 15,500 38 11 ne 0
15,500 - 15,773 8 8

12 32
;

“#not calculated

Conventional Core Porosity

Conventional core porosity values agree-closely with the density
log values to approximately 12,000 feet. From 12,000 to-13,700 feet,
thé conventional cere values compare more favorably with the sonic
iog values. Below 13,700 feet, the core and density log values again
agree. In a zone near 15,750 féet, where no conventional core was
taken, the sonic and density log porosity values each average 12 percent.
The sidewall cores, howaver, show significantly highel porosities, about

20 percent.
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—— -, . Porosity (Percent)

Core Interval (ft) Lithology Core avg. Sonic log Density log Neutron iog
1 §,921 - 9,935 Sandstone 16 24 18 29
2 11,009.5-11,-60.75 Sandstone 10 17 4 36
and shale
3 12,572 -12,587.3 Linestone 6 8 3 9
& 13,773 -13,794.5 Shale and 4 35(upper 5(upper 19
. sandstone zone) zone)

”

Porneability (K} determinations for the conventional core§ were as follows:
Core No. Interval (fc) K range (md.)
1 9,921- 9,935 0.03~-3970
2 11,006-11,060.75 .01~ 236
3 12,572~-12,587.3 .01~ 47
4 13,773-13,794.5 .02 6.6

These results generally agree with the logs which.stow substantial

invasion in the rese§voir intervals above 12,500 feeg.
Dipmeter

Results of the HDT survey were recorded on a dipmeter arrow plot
.fgom 3,850 feet to total depth, except for the interval between 5,750
and 8,200 feet. Above 5,150 feet, angle and direction of dip readings
are highly variable. At 5,150-5,750 feet, dip angle appears to be Oomiu;
dip direction readings are variable except near 5,300 feet where a west-~
wvard dip is apparent. In 2 sandstone section from 8,200 to approxi-
mately 8,900 feet, dip direction readings appear to be nearly randon
with a slighe wésterly tendency and moét readings of the ¢ip angle range
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from 1 to iboi In the remainder of the yell, gentle (average 20)
westward dips are recorded, except iﬁ sone sandy sectidns where dip
readings tend to be scattered. No definite strucgural eanomalies were
recognized on the arrow plot. Minor dip pa?tern anomalies which may

be either structural or sedimentary were noted at 12,260, 12,900, 13,150,
15,200, 15,309, and at 15,750 foot depths.

Significant Show .

While drilling through the interval 15,745 to 15,785 feet, the

Zen Ocean Lancer encountered a drilling break in which significant

amounts of gas were detected by the mud logging unit: The rate of
penetration of the drilling increased from 6 to & fe=t per hour from

15,700 to 15,745 feet, 'to 15 feet per hour from 15,745 to 15:755.feet,

rt

o 25 feet per_hoﬁr from 15,755 to 15,760 feet; the rate then decreaéed

to 15 feet per hour from 15,760 to 15,785 feet, and to 7 Ffect par hous
from 15,785 to 15,820 feet.

PO

Figure 11 shows parts of the curves of the DISFL and the mud log.

l. .

Ca the left are the spontaneous potential curve which indicates porous
sandstone when deflecting left and a gammatray curve which helps to
differentiate sandstone, and limestone (both of which deflect to the
left) from shale. The relatively high reading (50 chns) of the deep
induction resistivity curve polnts to the presence of liydrocarbon which
"is oore resistive than formation water. The lithologic log and totzl

gas curve from the nud log are 15 feet lower than the sandstone at 15,744-

, 752 feet where the show was encountered. This depth’differénce prob-

—
(%]

ably is due to time lag required for the drill cuttings and gas in the
mud to bz circulated up the hole to the mud-logging unit.
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The nud gas hot-wire readings (fig. 11) increased from 5 units at

- Je—

15,700-15,740 feet, to 22 units from 15,740-15,750 feet, to over

2500 units at 15,750-15,790 feet, and dropped back to 8 units fron

=-'s

15,790 to 15,820 feet. Chromatographlc analysis of the hydrocarbons

in the interval 15,750-15,790 feet was:

c1 (methane): 194,940 ppm
Cc 2 {ethane): 17,980 ppﬁ :
c 3 (propané): 6,500 ppo
C 4 (butane): 806 ppm
c 5 (pentane): 1,200 ppm

=1
o
14

15,700 - 15,750 ft:

15,750 - 15,787 ft:

{(Increased to 11 1bs.

The following lithologies
determined from examination of
Brown, pelletal limestone with

feet; white friable, ﬁedium to

mud weights changed as follows:

10.1 1bs/gal.

8.2 lbs/gal. when:circulated P
fgal. before drilliﬁg resumed).
in the interval‘of ghe gas show were

drill cuttings:

abundant clay and silt from 15,730-15,750..

coarse-grained, subrounded well-sorted

sandstone with good visible porosity with minor amdunts of cacite cement

at 15,750-15,780 feet; dark-gray to black, splintery, micacecus shale

at 15,780 to 15,800 feet; white, medium—grained, well-sorted, subrounded,

friable sandstone at 15,800-15,

810 feet; and dark-gray, micaceous,

splintery shale at 15,810-15,820 feet. i

Geophysical log calculations indicate 8 feet of hydrocarbon—bearing

sandstone between 15,744 and 15,752 feet with an average porosity of 12

percent and a water saturation

i
of 32 percent. Sidewall core porosity

- 2 -
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in this interval averages nearly 20 percent, but permeability is low,
0.1:5.2 ﬁIiiEHaEcies. Pale fluorescence and a slight cut in sidewall
cores between 15,%45 and 15,799 feet were reported by the well-site
geologist. A wireline RFT was run four times between 15,748 and 15,750
feét and small volumes of methane-rich gas were recovered. Measurements
of initial formation-pressure averaged approximately 9,100 psi (pounds’
per sgquare inch), but low permeability was indicated by the very slow
pressure build-up in the test chambers. Admittedly, a wireline formation
testing tool tests only one small spot of a rock at a time, and therefore,
zones more permeable than indicated by the limited number of tests nmay
_be present.

This show is considered to be significant, because ii indigaian tae
presence of hyd}ocarbons adjacent to areas teatatively scheduled for
future leasing. Accordihgly, the U.S. Geological Survey announced the
shew on January 12, 1979, in keeping with regulations governing straci-
graphic test drilling which require that the USGS Si;ecfor "shall immediately
issue a public notice identifying any hydrocarbon shdﬁsfgr environmental
hazards on unleased lands discovered during drilling operations when the
shows or hazards are judged to be significant by the Director."” Although
_the_wcll was intentionally located away from an} geologic feature which
might form & hydrocarbon trap, the B-3 apparently encountered 2 snall
stratigraphic trap which could not be predicted from seismic data ooy

the drill site.
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GEOTHERMAL GRADIENT

By Charles E. Fry

Since temperature logs were not run in the COST No. B-3 well,

temperature gradient readings were taken from thermometer data on-other

peophysical logs. Eight such logs were run in the B-3 well, but only

five have temperature values listed for all three runs. The maxinum

temperature for each run of these logs was plotted against the logging

depth (fig. 12). The plotted points are joined together so that each

line on the graph represents a single log. The logs represented on

the grzph are: dual induction=-spherically focused, compensated neutron~

formation density, compensated formation density, sonic, and continuous

dipmeter.

The COST Ko. B-3 well was drilled in 2,686 feet of water and

any difference in temperature between the surface and the ocean bottom

would cause an exaggerated error in the slope calculation. The tempera-

Lol
e

ture readings increase in the order in which the logs were rau. ano
dual induction-spherically focused log was run first, and the coutinusug
dipwmeter last. The temperature readings for the dual induction—spherically

focused log were the coolest, whereas the warmest temperatures were re-

corded on the continuous dipmeter log. The.slope of the second run for

"all the logs averaged 0.88 /100 feet. Temperatures for the third run

: o
ircreased faster than for the second, averaging 2.16 /100 feet. Computing
all the slope determinations with their proportional distances gives

. [ .
an average gradient of 1.26 /100 feet. Notwithstanding the sparsity
of temperature-gradient data, the average gradient agrees closely with
the gradient in other east coast wells, including the COST No. B-2 which

has a gradient of 1.30 /100 feet (Scholle, 1977).
_64_
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CORE DESCRIPTIONS AND ANALYSES

By Marion J. Malinowski

Four conventional diamond cores and 689 sidewall cores were re~
covered from the COST No. B-3 well. The con?éntional cores and 61 sidewall
cores were analvzed by Core Laboratories, Ine (1979%a). Table 1 1isté
the conventional cores, including their éominant lithologies and
ranges of porosity and permeability. Table 2 lists the porosities and
permeabilities of analyzed sidewall cores. Figures 13 and 14 show
the wide range of porosity and permeability values of the conventional
cores and sidewall cores in the COST No. B-3 well. Figure 15 shows
core porosities plotted against core permeabiliﬁges. In general,
porosity. decreases with depth; however, if only the values for the
sidewall cores are considered, there is no apparent trend {fig. 1J .
Porosity values for the sidewall cores between 14,300 and 15,820
feet are quite high, ranging from 15 to 27 percenit These values
possibly. reflect development of secondary porosity.ﬁHégever, perm~
eability in that interval is low, ranging from 1 to ;Ber (fig. 14).
Permeability is generally low (less than’ 10 md.}'throughout the
wgll, except for some high values between 7,500 and 11,500 feet.
Figure 15 shows that when core porosities are plotted against core
permeabilities, the majority of the samples having porosity waiues
of 15-30 percent have permeability values less than 10 nd.

The lithologic summaries of the four conventional cores are based

on lithologic and thin section descriptions provided by Core Labor-

atories, Inc. (197%a).
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Table l.——Record of conventional cores, their dominant lithologies

and ranges of porosity and permeability .

CORLE CORED INTERVAL : CORE POROSITY (Percent) PERMEABILITY (md) DOMTINANT.
NUMBER RECOVERY o LITHOLOGY
Top / Dottom / Feet Cut’ (feet) High / Low /[ Mean High [/ Low / Mean .

\ —_ :

S 1 9,921 9,940 19 14 26.3 3.4 16.1 3970 0.03 1,356.4 Sandstone
|

2 11;009.5 11,069.5 60 51.25 25.9 3.8 9.9 2306 .01 18.8 Shale and
Sandstone
3 12,572 12,588 16 ) 15.3 ' 9.7 3.8 6.0 47 .01 3.2 limestone
4 13,773 13,798 ‘25 21.5 10.7 1.6 4.1 6.6 .02 1.0 Shale and
' Sandstone




Table 2.—;Porosities, permeabilities, end—domimant-Iithologies of sidewall

——n

et

cores from COST B~3 Well.

Siltstone is dominant lithology for.

= ~depth 9,425 feet, sandstone for all others [Data from Core

Laboratories, Inc., l979a],

Depth Porosity Permeability
(feet) (percent) ‘(nillidarcies)
6,869 30.3 5.7
6,960 27.9. L3
7,817 32.5 69.
7,966 27.0 36.
8,074 21.2 .1
8,210 30.6 100,
8,230 30.4 300,
8,270 20.8 1.6
8,370 18.6 e3
8,450 22.3 1.5
8,472 20.6 27.
8,506 22.6 7.3
8,572 22.6 .1
8,667 29.8 .9
8,785 17.8 o2
8,880 16.5 o1
9,104 23.1 1.2
9,425 15.8 .1
9,918 19.8 2.3
9,936 24.6 2.0.-
10,053 19.9 3.5
10,094 24.2 45.
10,153 21.9 7.2
10,217 26.1 81.
10,294 17.1 .1
10,530 17.3 .1
10,594 21.1 7.3
10,890 17.0 4.5
11,054 22.4 20:
11,176 20.9 i6.
11,290 18.2 1.7
11,320 19.6 .6
11,476 23.6 15.0
‘11,600 20.0 i 5.1
12,625 17.6 ob

- 58 -

[ .




Table 2.-~Porosities, permeahilities, and dominant litthogies of sidewzll
cores from COST B-3 Well.--Continued '

[N —— ey

Depth’ Porosity Permeability
(feet) =~ "+ . " (Percent) (millidarcies)
12,844 18.1 0.6
12,844 23.3 6.1
14,532 24,2 c.3
14,733 5.0 12.0
14,875 21.2 1.0
14,785 22.2 6.5
14,822 22.6 4.7
14,822 27.1 13.0 |
14,8563 24,7 3.4 '
14,863 23.6 2.5
14,858 21.5 b
14,958 20.6 .5
15,025 16.0 .1
15,134 23.4 -2.5
15,384 23.9 11.
15,384 _ 23.7 6.2
15,409 23.0 1.7
15,745 17.6 1
15,746 19.3 5
15,747 21.6 1.6
15,748 18.1 v
15,749 22.3 2.2 -
15,751 15.8 -1
15,752 1%.1 .9
15,752 16.2 .1
15,754 21.6 1.4 '
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Core 1 (9921-9935 feet). Core 1 is composed of sandstone with

one limestone interval at 9933.5-9933.9 feet. The sandstone varies
from light to dark gray, is mcdium; to very coarse—grained quartz with
calcareous cement, has moderate to poor sortiné, and i1s slightly to
well indurated. Although the intervals 992149923.5 and 9923.6-9929.9
are porous, the interval 9929.9-9931.6 is compact and well indurated.
The 9932.9-9933.5 foot interval is unconsolidated. Organic matter and
fossil shell fragments (moiluscan deb%is, foraminifera, echinoderm
plates) are concentrated aloeng dark horiZOntal.streaks and laminations.
Mica appears as an accessory nineral at the §931.6~9932.9 foot interval.
Thin section analyses show that 1-15 percent of the sandstone matrix is
chlorite-clay. The 9923.5~9926.2 foot ;nterval is-ébmposed of 15-21
percent dolamite. Volcaﬁic rock fragments are z comhon oinor con-

™ ~

stituent, varying 1n amounts from 1 to 5 percent. Traces of fi7:i0ils

e &2
g

Foey,

nyvrite, muscovite, hornblende and biotite are alsoc present.

The limestone is light-gray and arenaceous with medium to coarse
guartz grains and minor mica. Abundant poorly pré;etved echinodern
and skaletal debris is présent. The matrix is conposed of 4 percent
dolonmite, 40 percent calcite, and 3 per;ént clav.

In general, porosity and permeability decrease dovmward in tha
cored interval (fig. 16). A marked decrease in porosity and pev-
nmeabllity occurs at the 9929.7-9931.6 foot and 993@.5—9935.0 foot
intervals. This decrease may be the result of pecor Sorting, with
grain size varying from coarse silt to coarse sand, and a great amount
of calcite cement (44-55 percent). Many grains show embayed oﬁtlines

due to replacement by calcite along their borders. At the 9931.6 foot
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depth, the decrease Iin perneability and porosity may result from the

increased éﬁbunt‘(ls percent) of chlorite-clay matrix.

Core 2 (11,009.5-11,060.75 feer). Core 2 cdpsists of alternating
sandstone and silty-sandy shalé: The sandstone is light—-pray to buff,
very fine—to coarse—grained, poorly sorted, moderatély to well indu?ated,
and cemented by calcite. The major constituent of the sandstone is
guartz (up to 6125. Constituentg present in smaller amounts include
feldépar, biotite, muscovité, volcanic rock fragments, chlorite, clay
nodules and chert. The 11,010-11,010.5 foot interval is crossbedded
and contains foraminifer and echinoderm fragments. The ll,OlO—ll,OlO.S.
and 11,016.5-11,016.7 foot intervals show organic staining. |

The silty-sandy, calcareous shale is dark gray to black and moder-

ately indurated and is crossbedded in the upper intervals ¢! Yna noTie

e

Tre major clastic censtituent is quartz. Other constituents are feldspar,

muscovite, biotite, organic matter, pyrite, micrite clasts, and minor
-authigenic chert. The shale is slightly fossiliferous, containing small
shell fragments. Thin sections from 11,024.3 and 11,0ﬁ9.6 feet indlcate

silty dolomicrites, with minor fossil fragments and nica. Thin sections

from 11,027.5, 11,031.6 and 11,034.6 feet indicate silty micrite with mica

end organic debris. The 11,056.5-11,060.0 foot interval is a silty,
sandy organlc-bearing shale composed of a fine—gr;ined clay and nica
maérix and 60 percent silt and sand grains. Some of the ceunen: iz
authigeniec chert. This shale is slightly fessiliferous and has traces
of hvdrocarbons. The 11,043.0*11,049.0 foot inte%val is very fossili~
ferous, having large pelecypod shells af 11,046 feet. At ll,O&L.6 and
and 11,045.5 feet, the samples are packstones containing poorly sorted
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ooliths and sand grains in a very fine crystalline siderite matrix.
—--- Pox OSlEies and permeabilltles are fairly consistent throughout
core 2 with the exception of two zones (11, 043 0 feet and 11, 049—
11,054.5 feet)‘where poresity and permeability values;are higher
(fig. 17). The firgt interval is a pebble-rohe; the second in-
terval is a poérly—cemented fine—to very coarse—graiﬁed sandstoner

Core 3 (12 572 - 12,587.3 feet) Core 3 is composed of

fossillferous, oclitic llmegtone. It varles from ran.to light-gray,
is fine—to nedium-ecrystalline, moderately to well indurated, and has

chaly streaks, zones and partings. The thin section analyses indicate
S \

that the linestone is a grainstone consisting of fossil debris enclosed

e i i &

in colitie micrite envelopes and cemented with ‘coarsely crystalline

spar. The fossil debris includes poorly preserved eghincdouns, wmiiulls,

bryoczoans, foraminifera and ostracodes. The 12,581.2-12,583.0 foot

interval is a more shaly, fossiliferous, oolitic limebtone with accumula-—

tions of clay—organlc 1nsoluble resrdues along stylolrtes. The bottom,

4 feet of the core have some intervals of coarse quartz sandstone

cemented by sparry calcite and containing fossil fragments in thick
micrice envelopes. Porosities and permeabilities are consisteatly

low, averaging 6 percent and 3 md, respectively (fig.:18).

Core 4 (13,773 = 13,794.5 feet). Core 4 is comppsed of alternating
intervals of shaly sandsténe and sandy shale. The sandstone intervals
(13,733-13,776.1 end 13,782.0-13,782.8 feet) are very, fine-to medium-
grained guartz and vary in cblor from light-to dark-gray with black
and dark-gray stringers. lhey are well sorted,‘slighrly to moderately
indurated and biotgrbated. Thin sectiop analyses indicate the shaly
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stringers are composed of clay-organic-micaceous matrix material. The

— o

TR

organic material may be algal in origiﬁ. The mica is mainly puscovite
with sca;tered flakes of chloritized b;otite. Many flales are bent

and deformed from post-depositional compaction. Tourmaline, chlorite,
zircon and pyrite are present in trace agounts.- The cementing ﬁatérial.
is sparry calcite with minor amounts of authigenic chert.

The sandy, calcareous shale (intcrva;s 13,?76.1—13,782.0 feet and
13,782.8-13,786.0 feer) is black witﬁ light gray stringers. It is
poorly sorted, slightly indurated, fossiliferous, and bioturbated.

Thin section analyses show that the s;ringers are conmposed of detrital

organic material, clay ninerals, nmice, and pyrite.  The fossil fragnents

=

(

found throughout are recrystallized calecite, making positiva icdenti
fication difficult., A few.ehhinoderﬁ spines, ostracodes, aﬁd'faraminifa:u
are recognizablé. Scattered sideritic péloids occur at 13,784.3 feet. '
The 13,786.0~-13,794.5 foot interval is a blgck, silty, slightly
'indurated,.fossiliferous mudstone with poorly fofééd,;streaky lamina-
tions. 'The fossil fragments are recrystallized gn;.the.only recog-
nizable fossils are ostracoaes, echinoderns anq pelecypods. Quartz,
mica, and feldspars make up the silt coﬂétituentlwhiéh is cuxravndod
by & clayey, micaceous, calcitic groundmass with dispersed sideritic
peloids.
Porositles and permeabilities for core 4 averagé 4 percent and 1.0
nd, respectively (fig. 19). Porosities in the sandstone interval at the

top of the core (13,776 feet) are slightly higher, ranging from 5 to 11

percent. This sandstone is well sorted and only slightly inaurated.
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Dopth : PORDSITY PERMEABILITY

(Fee LITHOLOGY . {percent) {md)
oot 10 20 30 10 1 10 100000
11T 1T T
9,920 —
9.971

Sangstone; kight (o datk gray, medwm lo iy COOISA
- gramed, poorly sorind, cafcareous, organic matior
and voleanic rock fragmonis are common minor

coastijuents.
! .
—~J
- 9,930 —
i
Limestons: kght gray, vory sancy, very (ossihinrous.
. Sandstono. coarse grainod, cloan, calcargous, woll
9.935 consofidaied.
NOT RECOVERED
- 9,340 ——

Figure 16.--Lithology, porosity, and permeability of conventional core 1,
9,921-9,935 feet, COST ¥o, B-3 well.




POROSITY PERMEABILITY

Depth {
. percent) {md)
{Feet) LITHOLOGY ' 0 20 110 100 1000
| 1 T 17 1T 1
11 OOQ 5 Sandsiona: hahi-gray, fine 1o very ling-graned, oipsnc -

Slamung

Sandsione; bahl-gray, ife 190 Modium grained, poodty
s0red calearedus,

Shale; sty of zandy, medum pry, very fine ta modum
granad, calcareous, modorately induratod crosse
Lectded, shghtly fossiliterous, micaceous.

¥ in-thick pebble rone st 31,043.0 and 11,0435 lest

11,050

SanTsione: hght pray to buH, very line to very coarse
gisired, pborly cemented, shghtly calcareous.

Sitisiong: snaly, gray 10 bull, very fine to hne-prainsd,
shgnily fossihifarcus, shghtly calcaraous, mics snd =

U““‘W\/_/\/\/ MENZ "-\\/‘*

Clay novidlas
Shale: sity, cark gray 10 black, slightly lossiiletous,
11,060 ruca laminguons, clay nodules.
11,060.75
NOT RECOVERED
-—11,058.5

Figure 17.--Lithology, porosity, and permeability of convenﬁional core 2,
11,009.5-11,060.75 feet, COST FHo. B-3 well.
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18.--Lithology, vorosity, and permeability of comventional core 3,
12,572-22,5687.3 feet, COST Ho. B-3 well.
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Deoth POROSITY PERMEABILITY
P LITHOLOGY {percent} {md)
{Feéi) . 3 6 8 12 2 4 6 8
1T 1T 3 T 1T T
13,773
Sandsione: shaly, light to cark gray with black streaks,
fina ta very fine graines, stghtly calcareous,
1 3,77 5 micaceous, bioturtaled,
9
Shale: sandy, plack with bphi gray stringers, calcareous,
ruCacedss. shphity fossidbieroys, oturbates.
13,780
Sancstone: shaly, Kght gray with cark gray stingers, ]
very fina grensd, calcatesus, shghily fassiilerous, 5
shghtty ndurated, 5
3 1
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b ey 2t
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Figure 19.--Lithology, porosity, and permeability of conventional core U,
13,713-13,794.5 feet, COST No. B-3 well.
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GEQCHEMICAL ANALYSIS

By Michael A. Smith

Source-Rock Potentizl

he organic geochemistry of well cuttings from 120-foot intervals
and sidewazll and conventional cores was studiéd by Core Laboratories,
Inc. (197%b), tc provide data for evaluating the potential of strata
in the COST Ho. B-3 well for petrolcum generation. Lithologic descrip-
ticns, organic carbon analyses, and detailed light and gasoline-range
hvdrocarbon analyses were nade for all samples. The amount and composi-
tion of solvent-extractable organic matter, vitrinite reflectance, and
the tvpe, thermel alteration index, flucrescence, and elemental analysis
gen were deternined for every other cuttinés sample. Well sanples
collected every.lOO fe;: an& sanples of some sidewall and conventional

Lures Were aliso aneal

m

zed on a shipboard pyrolysis unit by the operator
(Chevron USA Inc., writiem cemmunication, 1979). In bddition, gas
samples from the show near the bottom of the well were anal) ed by Core

Labe and the carbon isotope compesition of both the gas and some kavezon
and exiract sanples was determinced by Phillip; Petroleun Company (written
communicarion, 1979). Values for the principal geochemical indicators
éré lis:ed in table 3.

The stratigraphic section has been divided for this report

into five gecchenical zones as follows:

Znﬁe 1 Immature, potentially good oil source containing
(3,840~5,000 fect) abundant biogenic methane.
Zone 2 Immature, organic—-lean, oil-prone source.

(5,00G0-0,200 fect)

7 5 - 4 s - - :
Joune 3 Immature to modclaLely immature, organic-lean,
(6,300-11,100 fest gas—prone source.
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Zone 4-A Moderately mature, poor to fair 0il source.
(11,100-13,000 feet)

Zone 4-B Mature, organic-lean nonsource seéction.
(13,000-14,200 feet)

Zone 5-4 Mature, good gas source with high methane content.

(14,200-15,000 feet) . TS

Zone 5-B 1 : - Haturc, very good gaé source with very high
(15,000-15,820 feet) methane content.

Figure iO shows several indicators of organic richness plotted
against well depth. The relative concentrations of organic matter
in the geochemical zones is indicated by their weight percent of total
organic carbon. Minipum amounts of 0.5 to 0.6 percent organic carbon
in shale and 0.2 percent in limestone are requireﬂ.for gsource rocks
with even a minimal potentiai for petroleum generation. Except for
geochcmicél zone 2 and a few points in zones 3, 4-A, and 4“3, all
cuttings sampleé‘have at.least adequate concentrations of avganli. citefi.
Zone 1 averages 1.88 percent, zone 5-A 0.99 percent, and zone 5-B 1.71
percent organlc carbon; zones 1 and 5-B each have se;gfai very rich concentra-
tions of more than 2 percent. The average organic carbsgicontent in
Fhe well cuttings from other geochemical zones 1is 0.44 for zone 2, U.82
for zonme 3, and 0.69 for zones 4-A and 4—B;

_Analysis of the sealed cuttings samples for their light and gasoline-

range hycdrocarbon content and composition provided additional information

-

on the source-rock potential and maturation of the COST No. B-3 strati-
graphic secction. Afir-space gas was sampled from the top of the sealed
cans containing well cuttings and then part of the cuttings samples was

disaggregated in a blender to release trapped hydrocarbons. The Cy
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Table--3.—-—Organic geochemical measurenents from COST Ho. B-3 well cuttings.

Depth  Total organic Cy; — C, Cas Cog = C; Cysy Virrinite H/C-in
{(feet) carbon %ppm) watness (ppo1) (ppn) reflectance kerogen
(percant) (percent) (Ro percent)

'"" CEOCHEMICAL ZONE 1
3,840 0.91 15,037 0.7 1,987 225 0.27 1.18
3,960 1.75 2,567 .5 409 '
4,080 1.82 11,709 .8 1,173 255 .29 1.17
4,200 1.34 6,474 .5 1,506
4,320 1.47 7,666 .7 1,523 291 .31 1.16
4,440 2.21 8,861 .6 889
4,560 2.57 7,546 1.5 757 294 .32 1.22
4,680 2.95 6,912 1.2 629
4,860 2.12 5,448 1.3 570 259 .32 1.23
4,920 1.70 4,328 2.0 210
CEOCHEMICAL ZONE 2
5.040 0.88 : 8/ 3.8 1,213 136 0.32 1.19
5,160 69 3,313 1.9 1,344
5,280 43 1,89 2.2 737 35 .31 1.18
5,400 22 1,333 2.0 539
5,520 30 ,181 2.9 603 21 .34 1.14
5,640 45 3,404 2.1 194 .
5,750 .34 2,938 3.1 168 30 L34 1.09
5,880 .30 3,673 2.3 43
6,000 .15 2,423 1.7 44 ) .35 1.02
6,120 45 1,431 1.9 62 : '
6,240 64 787 2.3 106 15 . - .33 .60
GEQCHEMICAL ZONE 3 o
6,360 1.06 3,707 3.6 170
6,450 1.44 4,8%6 2.2 64 . 58 0.32 0.65
6,570 .90 2,172 3.4 117
6,690 .96 1,398 3.2 &7 57 .33 .62
6,80 1.03 3,619 2.4 75
6,950 1.09 2,407 2.2 12 65 .34 .60
7,050 1.0 1,790 3.2 L6
7,170 1.27 853 4.6 84 99 L34 61
7,280 1.21 2,005 6.1 63
7,410 .77 1,233 5.8 19 163 .34 .64
7,530 1.08 1,03 5.7 92
7,650 92 844 7.0 23 200 .34 .70
7,770 1.06 581 7.1 48 )
7,890 g4 1,254 §.1 36 130 .33 .66
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Table 3.--Organic geochemical nmeasurements from COST No. B=3 well cuttings—-
Ceantinued

Depth  Total organic C; = G, Gas Cc = Cy C "Vitrinite H/C in
© (feer) carbon . - %ppm) werness ?ppm) (ppm) reflectance kerogen
" (percent) . (percent) - (Rs percent) :
. ' GEOCHEMICAL ZONE 3--Continued
g,010 T1.18 1,284 11.4 247
§,130 .85 699 12.1 146 127 0.34 0.70
8,250 .27 980 ~ 9.6 100
8,370 .53 1,011 . 10.3 85 207 .33 .79
8,490 .29 695 9.6 50
8,610 .23 942 10.2 52 113 L34 .71
8,730 .98 1,005 13.3 77
8,850 .81 687 15.2 72 160 i .35 .66
8,870 1.10 1,703 12.2 253 ,
9,090 .69 1,268  13.6 128 248 .35 .30
@210 .85 1,145 3.1 107
9,330 W17 498 26.7 177 85 : .35 T4
9,450 .04 1,590 15.1 214
9,570 1.02 3,156 . 14.0 270 276 .37 T4
$,690 .92 - 3,053 22.5 305 ’
9,810 .98 402 19.5 395 439 .37 .72
9,930 .14 792 10.2 136 SR .
10,050 .31 1,229 15.0 184 97 © .37 .80
10,170 .58 638  29.3 142 a0 .
10,3290 .90 520 27.8 180 88 W37 .69
10,610 .64 924 15.8 82 :
10,520 .56 514 23.9 133 70 .38
10,650 .50 589 24.7 72
10,770 .37 638 23.2 106 A .39 .67
10,890 .85 948 38.3 133
11,010 .51 1,004 26.5 i0l 2,418 ) .39 .78
GEOCHEMICAL ZOKE 4: Subzone 4-A ‘
11,130 . 0.43 1,253 19.6 380
11,250 .63 1,672 25.7 433 177 0.29 0.806
11,370 .68 1,184 20.2 604
11,490 .49 834 40.6 396 70 .39 .98
11,610 .76 1,123 33.4 460
11,730 1.05 - 1,369 60.4 694 210 .39 . .51
11,850 1.23 963 72.2 467
11,970 74 1,064 55.5 399 .
12,090 .96 608 56.3 269 ) B4 40 .98
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Tatle 37-Organic¢-geochemical neasurements from COST Ho. B-3 well cuttings——

PR —

Continued
Depth  Total organic €y — G, Gas Cc = Cy Cyqy Vigrinite H/C in
(feet) carbon %ppm) wetness ?ppm) (ppm) reflectance Xerogen
(percent) {percent) (Ro percent)
GZOCHEEMICAL ZONE 4: Subzone 4-a-——Continued
12,210 0.75 1,099 70.6 297 338 0.40 0.80
12,330 60 554 56.2 302 366 .39 77
12,450 « 57 1,111 48,9 327
12,570 37 1,121 42.7 428
12,690 63 2,078 67.3 555 142 .39 1.05
12,820 54 1,861 63.5 )
12,530 70 2,285 72.7 508 842 Y .81
CEOCHEMICAL ZONE 4: Subzone 4-B
13,050 0.67 747 71.9 408
12,170 .58 2,273 59.4 682 262 0.45 0.80
13,290 .53 2,725 66.9 . 722
13,410 .75 3,715 59.5 550 280, 'y .79
13,320 Y 5,005 60.7 697 -
3,630 .57 4,397 63.6 1,369 152 46 Rl
3,770 1.04 4,339 57.3 1,214
3,500 .8 5,227 63.3 354 172 A7 _ .83
14,010 .3 5,200 54.6 1,017
14,130 .62 3,457 52.8 526 100 .48 71
CEUCHEMICAL ZONE 5: Subzone 5-A
14,250 .98 22,155 23.8 376 ) . .
1L£.370 1.41 28,166 13.7 243 213 ° . 0.47 0.79
14,490 .89 47,823 11.1 393 s
16,510 .71 3,803 35.1 238 244 T 48 T4
i£,730 .82 21,133 19.1 389
4,830 1.168 41,4389 g.3 148 344 .49 .78
14,470 92 16,982 25.0 277 .
GEOCHEMICAL ZONE 5: Subzone 5-B
15,090 1.31 31,752 16.9 302 - 282 . 0.49 0.68
15,2190 1.28 16,788 25.6 280
15,330 1.59 15,573 20.7 132 242 50 .09
15,450 2.80 43,651 15.8 256
13,570 1.62 31,400 19.1 228 260 49 .71
15,600 £2,667 31.3 495
15,63 49,954 10.1. 268
13,660 25,721 11.1 123
15,650 1.47 35,555 17.5 257 240 LSl .70
15,720 36,293 21.3 263
15,750 23,232 20.2 239
15,780 1.24 39,¢95 21.4 425 . 129 .50 .74
15,820 2.38 65,338 17.8 488 7 405 .55 71
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“th?ough“Cj«hydroparbon content was determined by gas chromatography; the
combined values for each sample are given in table 3 and plotted against
depth in figure 20. Geochemical zones 1 and 5 are also very rich with

respect to their light hydrocarbon content with an average of 7,635 ppm

C, through C, hydrocarboens (99 percent methane) in zone 1 and 29,463 ppm

1
(83 percent methane) in zones 53-A and 5-B. Other average light hydrocarbon
concentrations are 2,206 ppm in zome 2, 1,393 ppm in zone 3, and 2,202

ppa in zones 4-A and 4-B. The large quantities of methane in zone 1 are

biogsnic gas but the highest methane concentrations, which are found in -

LT
i

~ones 5-A and 5-B, have been gencrated by thermal cracking and may be de-

rived in part from coaly material in this section of the well., 7Two gas

1]

znples collected near the bottom of zone 5-B average 89.1 percent moihuiiy,

%)

0.2 percent wet gas, and 0.7 percent Coy hydrocerbons with a calculated

o]
3
(0

gas gravity of 0.648 and gross heating value of 1,153 BTU/scf at 14.65

X o
psia and 6C F for the dry gas. The G, through C, or wet gas hydrocarbons
increase consistencly with depth from 72 ppm in zove 1 to 5,087 ppm in
zoaes S5-A and 5-B; this increase demonstrates greater thermal maturation
snd a higher potential for gas generation in deeper sectioms of the well.

Even higher concentrations of the wet gas components, averaging 17,162 ppa

in zones 5-A and 5-B, are seen in the sidewall core analyses where caving

Bl

:nd gas loss from fracturing by the drill bit are not a factor. The highest

.

quantity of gasoline-range (C5 through C7) hydrocarbons, 1,036 ppn, is
found inm zene 1 with concentrations dropping to 459 ppm in zone 2, 121

ppm (zone 3), 585 ppm {zones 4-A and,4-B), and 279 ppn (zones 5-4 and 5-B).
These wvalues are too low to indicate any significant generatiom of liquid

hydrocarbons by the source sections encouatered in the B-3 well. Higher
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concentratiens were measured in sidewall cores from all sections of the

“well except zone 1, with average values reaching 4,902 ppm in zones 4-A

and 4+3 and 4,588 ppn in zounes J-A and S5-B.
Soluble organic
sidewall and

tenrial of the B-3 well. Samples con-

o}

richness and oil-gunerating p

taining more than 200 ppm extractable organic matter, the mininum amount

robon generation, were separated into paraffin-

required for liquid hydrocarbo

naphthene and arcnmatic Clﬁ* hvdrocarbon fractions as well as the re-

maining asghaltene and

T . I2F, t ctracranic C. ol
zraphy Thoe total extracradlic Cib*

in table 3 and plotted with hydrocarbon fractions for the sicnirn £a.33

i

in figure 20. The average total bitumen is 205 ppm (66 ppm Cyq. By-

ppi2 in zone 2 increasing to 145 ppn (75 ppnm

drocarbons) in zone 1 and 47

nydrocarbons) in sone 3, 240 ppm (170 ppm Cjgp hydrocarbons) in

zones 4-4 and 4~-B, and ZeIZ ppa (130 ppm C154 hydrocarbons) in zones 5-A

]
o

5-B. The richest cuttings sanple with 2,418 pﬁﬁ C}5+ extractable

B e C'S liydrocarbons was collected from the

I
feet, but this analysié was not included

crganic matter and 2,008

2I0-foot dnterval helow 11,010

targe amcunt of pipe dopé contamination

in the averages becausc of 2

bt =yt

and anzirses for z conventioual core frem the sanme interval
396 ppm total bitumen (2142 opn €3 5 hydrocarbeons). Zones 4-A and &-3

contain greater high nolecular weipht hydroecarbon concentrations than

in

£ones 5-A and 2-B, snd are thevefore more oil prone aid may already have

3 T

generated some liquid hyvdrocarbong. In general, the small guantities of

xtrzctable C15+

W

o

reughout the well indicate few prospective
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netver was extracted from 52 well cuttings and from 17

4 conventicnal core sanples to provide additional data on the

bitunen for cuttings samples is given
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oil-generating sections but also suggest that no serious drilling mud

—_—— e —

contamination of the geochermical well cuttings sanples occurred.

Thermal Maruricy

Except for bilogenic gas, the potentizl qurce rocks of an area will
begin to.generate significgnt quaﬁtities of petro;eum only after they have
undergone geothermal diagenesis with a suffieient tine-temperature history.
Several criteria are used to measure the amount of thermal alteration that
tzs cccurred in the organie material in sediﬁénh;fthe results from three
methods used to deternine nmaturity inVCOST No. B-3 well sediments are
shown in figure 21.- Although all the;analytical techniques used for the
Atlantic COST wells show an Increase in maturation witb gpreater depth,
the different types of data have not érOVided consistent evaluations of
thermal histofy, and none of the curr;ntly accepted methods ﬁas been accurate
for aill li:hologiés, ageé, types of organic matter, and depths of burial.
For the E-3 well, the most widely used maturity indica;ors all show less
rherzal alteration than actuall; occurred.

The first indicator of thermaifdiagenesié in figure Zi;fs the visual

index defined by Staplin (1969). Exposure to higher temperatures is in-

LN

£ =
.

rred by color changes from light vellow thro;gh orange and browsn o Hls-l
for-;h@ organic matter in sediment:including spores, pollen, plant cuticles,
resins, and algal bodies. This'coiorfbased‘thefméi'éft;rétion index ({T4I)
iz assigned from trgnsmitted light microscopy and can.range from 1 for
totalliy immature-samples to 5 {or metamggphoséa ro;ks; .Values for the

B-3 well cuttings are at the lower, irsature end of the scale. Although

the TAI values increase consistently with depth, they still indicéte noder—

ately immature strata 1n zome 5; the 2+ to 3~ valucs required for peak
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Figure 21.--leasurements of the maturity of organic matter in

COST Ho.
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B-3 well sediments.
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oil generation are not seen in chis well.

4 second method for measuring thermal maturity that shows the
cffect of duration of heating in addition to the highest temperature
encountered is based on the reflectance capability {(Ro) of polished
vitrinite grains. Vitrinite reflectance data (fig. 21, table 3) show
an increase in maturation with depth closely corresponding to the thermal
alteration index. Dow (1977) suggested that significant amounts of oil
generation can occur at Ro values above 0.6 percent with higher measurements

-

nzeded for peak wet gas and dry gas generatien and for the oil and gas

1

]

[l

floors. The highest vitrinite reflectance measurenents reported by Core
laboratories, Inc. (1979b) in the B-3 well cuttings average 0.51 percent
in zone 5-4 (0.54 percent in sicdewall cores), and irmature oil could

-~ sl

orm at these depths if oil-prone source beds were present.

Fh

gtart to

]

Unfortunately, the wide range of reflectance data in most samples, varying
3

om less than 0.15 to 2.50 percent with numerous individual pezks, made

[

re

i

et

difficult to obtain a relizble mean Ro value. The %rép;em is illustrated
by the results of analyses of five core samples from zones 3, 4-A, 2nd

-5 at Pennsylvenia State University for vitrinite reflec&anmc wanliny
~control (Phillips Petroleum Company, written cémmunication, 19795, Thesa

neasurements asre consistently about 0.35 percent higher than those plotted

ty

T

Fi.

igure 21 and indicate sufficient maturity for oil generation below
approximarely 9,000 feet. The vitrinite reflectance data from coal seans.
in zones 5-A znd 5-B aiso provided higher readings than for other vitrinite

particles found in this interval.

Derailed analysis of the hvdrocarben composition of cuttings samples

ey




can also provide a third type of maturity profile indicdting diagenetic

- —— —

changes in the well. Thermal alteration involves a dectease in the
predominance of odd-carbon-numbered straight—chain paraffins. These
hydrocarbons are derived from waxy plant material and ate characteristic

of gas chromatogrems for immature sanples. The ratio of odd to even high

the C paraffin-naphthene extract is

moleculnr weight hydreocarbons in 10+
called the carbon preference index (CPI) and is plotted for the B-3

well cuttings in figure 21. The high CPI values, averaging 3.66 in zone

1 and 1.58 in zone 3, and wide scatter between samples are typical of

immaturce and moderately immature sections. Deeper in the well, the CPI

measurenents approach 1 (1.46 for zones 4-A and GTB_and 1.17 for zones

5-4 and 35-B) and indicate mature source rocks. dther hidrocarbon composi-
tional changes include an inecrease in the paraffin/naphthenc ind soraigh
braﬁchéd chain ratios, especially in C, through C; compéunds, and

gas wetness (the percentage of C, through C, wet gas co@ponents in the

The gas wetness-jumps sharply near

light hydrocarbon extract) with depth.

the top of zones 4-A and 4-B, which average 54 percent wet gas (fig.

20 and uvable 3), and strata below 11,700 feet appear, to be mature according
|

to this criterion.

Anilyses from the pyrolysis unit aboard the Ben Océan Lancer drill

ship included

This tenperature varied from 406°%to 441°C and increased with depth, an
cdditional indication of maturation. The production index also suggests
a depth of burial and degree of thermal evelution. This index is the

o

ratio o the integral of the Pl (the amount of free hydrocarbons énalyzed)

pe:

...92_

the temperature for maxinum liberation of hydrocarbeon compounds.

ak to the sua of the integrals of the Pl and P2 (the quantity of hydrocarbon
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cazpounds derived from thermal cracking) peaks. This parameter increases
steadily below 11,000 feet denoting mature sediments at this depth.
Fivorescence analvysis—-an additional determination of maturation
Jevels—-is also useful in elinminating fluorescent material from the
nonfluorescent vitrinite during reflectance analysis. Fluorescence
Ceasurements have been made on bisaccate sporinite, a coal maceral which
accurs with vitrinite of a known reflectance capability. Immature sporinite
tas white, light yellow, and grecn fluorescence with an emission spectral
peak of less than 530 nenometers. The CCST Ho. B~3 well samples exhibit
a "first coalification jump'", a rapid change to dark xe;low, orange,
and biown fluorescence and a spectral peak above 530.nanometers, at a
depch of 10,800-11,900 feet. "The jump occurs at vitrinite reflectance
values of 0.5-0.6 percent and irdicates the onset of possible oil gener-—

-ion. Thus fluorescence measurcments, carbon preference index, gas

i

QU

4t

AN .
ess, and the pyrolitic production index all suggest ‘that the strati-

o]

raphic section below 11,000 ox 12,000 feet has undergone'a sufficient

[4,%]

thermzl history to generate liguid hydrocarbons.

Hydrocarbon Source Character

CWhich kinds of hydrocarbens (oil, condensate, or gas) are genevated
in an area with adeauate organic richnmess and thermal maturity depends
on the predominant types of kerogen in the source focks. 0il is formed
from aquatic and unstructured organic matter and gas 1ls produced by
terrestrial and structured kerogen. Shown on figure 22 are the relative

abundance, in B-3 samples, of four types of kerogen: amorphous (algal

+

todies and amorphous sapropel), herbacecus {plant cuticles, pollen, spores,
resins, and waxy material), woody (primarily vitrinite), and coaly (inert
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and finely disseminated organiec matter). Zomes 1 and 2 contain primarily
zmorphous kerogen with some herbaceous paterial at the top of the wéll.
Gufficient thermal alteration of these kerogen types could be expected

to generate oil, although zone 2's organic material is too sparse O i
constitute a prospective oil source. Gas-prone woody kerogen predominétes
in rhe rest of the B-3 stratigraphic section. However, enough algal-anor-—
shous kerogen is present in some zone 4-A samples, particularly side-
wzll cores, to qualify some beds as oll-prone source rocks.

Tha H and C content in kerogen from the B-3 well cuttings was deter-
nined by combustion in an elemental analyzer (fig. 22, table 3); care was
caken to avoid oxidation. LaPlante (1974) suggested that elemental
analysis of kerogen can not only indicate the tvpe and quantity of ;
hvdrocarbons that will be generated but also show the degree of thermal
maruration of well samples. The atomic-H/C and 0/C ratios will decrease
along well defined kerogen evolution paths for oil—pr;ducgive and gas source
rocks with increasing depth of burial (Tissot and other&}'%QYQ). Oil-prone
source roecks with H/C velues exceeding 1.0 are found in zones 1 and 2
to a depth of 6,000 feet (fig. 22). Most deeper geochemic;l zones are
zas prone and have a H/C ratio of less than 0.75; zone &4-4, conteins
a mixcure of hydrocarbon source types, including some oil-prone beds.

snother indication of organic matter type and source, cdepositional
environment, and potential petroleum yield i1s the stable carbon isotopic
composition of the kerogen and solvent-extractable organic nmaterial.
Phillips Petroleum Company (written commﬁnication, 1879) provided tﬁese
c¢ata for aliquots of the C;g, extract obtained from Core Laboratories

Iuc., for 54 cuttings and core ssnples (fig. 22), including the saturated ,
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1
~and aromatic hydrocarbon fraction compositions at certain depth inter-

vals. The ratio of the two stable carbon isotopes,

for vhe sanples and for a standard (the Peedee belennite, PDB~-Chicago)
and s expressed as a o value according to the formula:
|
o c13 (per mil) = [(Rg - R)/R.] x 1,000

where R, = 613/C12 ratio in the sample and

Rr = C13/C12 ratic in the reference standard.

The average carbon isctopic values for the totalr'extract samples
1 .
zone 1 (~24.9 per mil) and zones 5-A and 5-B (-25.4 per nil) are

cl3

, indicating either

graphic section; that is, they are enriched in’
* |

a hijher proportion of marine organic matter or deposition in an open

marine envirenment. Information on the potential yield of petroleun

can be derived from the difference between the kerogeh and total extract

isotupic values; unfortunately, there are no kerogen Lomposition data
for nost of zones 5-A and 5-B, the section of greaﬁgsk.exploratcry
interest in the B~3 well. The gas samples from the.s#;ﬂ at the bottom
of the well were analyzed compositionally and had.ave%age s ¢t values
of ~1i5.3 per nil for methane, —-27.9 per mil for ethan;, and -25.3 per

wil i'or propane. This methane has a carbon isotope distribution in the

vangt: of methanes generated by very mature source rocks, and is uch

heavier than biogenic methanes which have cl3 values of =50 to =70 per

mil iTissot and Welte, 1978}. Probably any oil found in this section

would have an average carbon isctopic composition betWween =23 and -24

per tdl.

C13/Clz, is measured.

:zer than the average of -27.3 per mil for the rest of the B-3 strati-

’
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Sunmary and Ceochemical Significance

Geochemical analysis of COST Ho. B-3 well sanples has identified
intervals with potential for both gas and oil generation. Gas from a
~ested section was also studied in detail. Data on thermal naturity

+

are ircomsistent, but seen: to indicate that some hydrocarbon generation

has occurred in at least the decpest 4,000 feer of this well. A4verage

values of the measured parametérs for well cuttings from each geochemical

zone are listed in Table 4.

vones 1, 5-A, and 5-B have the best organic richress as shown by

—

total orcanic carbon measurenents, and contain abundant methane. The

o

decpest zones are also rich in wet gas and have good éas-source potential.
The higher concentrations of C15+ hydrocarbons and total exntractable
organic matter in zone 4-A imply some oil-generating potential. Bevere:
maturity indilcatovs——gas weitness, oyrolytic production index, CPI, and
isoturane/n-butane ratio—-suggest that a level of tﬁermal;diagenésis
needed for liquid hydrocarbon generation has been reéghéqﬁin zone 4-A

The kercgen type and H/C ratio identify zones 1, 2, and G4

or 4-B

2s the oil-prone sections of the well.

Geochemical correlations can be nade witﬂ cthe COST No. B-2 well,
ériiled 32 miles to the north, even though the depositional environ-—
ment of B-2 strata was closer to shore and facies changes exist in many
correlative stratigraphic units. The richest interval in the B-2 well
is a yood to excellent gas source between 9,400 and 13,900 feet. Tnis

interval corresponds to the lower 1,000 feet of geochemical zone 3, zones

=

t-A, 4-B, S-A, and most of 5-B in the B-3 well. It contains an average
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Table 6—~—Summary of pcochemical paramcters by zone.

GCeochemical zone———=—-==— 1 2 3 G- ) 5-A S-B ,

top (fegp)———=——=————r 3,840 5,000 6,300 11,100 13,000 14,200 15,000,

Levtom (oot Ymmmmmmmen sop00 €,300 11,100 13 00 14,700 15,000 15,820
Organic ricihiness

Total organic carbon v
(weight percent) 1.8% 0.44 0.82 0.70 0.67 0.99 1.71

Methane (ppm) 7,583. 2,155. 1,249. 609. 1,487. 23,186. 28,209."

€, ~ C4 (ppn) 72. 51. 143 652. 2,222, 4,183. 6,696.

Ce - Cq (ppm) 1,036. 459. 121. 480. 754. 295 289.

Extractable organic
matter {ppm) 265. 47. 145. 279. 193. 267. 260.

(e hydrocarbons (ppm) 66. no data 75. 196. 127. 142. 123.

Thernmal maturicy :

Thermal alteration index 1.2 1.4 1.5 1.5 1.7 1.8 2.0

Vitrinite reflectance
(Ro percent) .30 .33 .34 .38 46 .48 .51

Carbon preference index 3.66 1.19 1.58 1..60 1.24 1.24 1.14

Isobutane/n-butane .25 .70 1.39 .91 .37 .46 .50

Gas wetness (percent) 1.0 2.4 13.1 50.4 61.0 19.6 19.4

Temperature of maximum '
pyrolysis yield (°C) 419. 418. 427. 430. 434, 436, no data

Pyrolytic production index .021 .010 .001 ©.064 .106 L124 no data

Orpanic matler type _

Kerogen type (percent)

. amorphous 41, 63. 6. 7. 0 0 1.
herbaceous 35. 10. 10. 9. 12. 7. 8.
woody, 23. 27. 78. 79. 77. BS. 88.
coaly L. 0 6. 5. 11. 8. 3.

H/C in kerogen 1.19 1.54 .70 .90 .77 .77 Y

Carbon isotoplc values—- .
tetal extract {per mil) =24.9 -27.4 -27.0 -27.4 -27.9 -26.2 -24.9

Carbon isotopic values——
kerogen (per mil) ~23.7 =25.% -25.5 -25.5 -25.5 ~-25.1 no data




of-2.35.pexcent organic carbon and 18,102 ppm light hydrocarbons with
the richest saméles from an interval corresponding to zone 5-A.  Gas

. wetness reaches a maxinum average of 53.9 percent in an interval
correlative with zone 4-A. The shallowegg section in the B-2 well is

sandy with little source potential compared to the organic-rich rocks

which were deposited in 3 marine environment near the shelf edge in B-3's

sone 1. Tne B-2 well also penetrated about 2,0Q0 feet of organic—lean,

cerrestrial section which was not encountered at the bottom of the B-3

well.

_9.9_.
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PETROLEUM POTENTIAL

8y Edvardas K. Simonis

For purposes of estimating petroleum potential, the section pene™-

rated by the COST No. B-3 well can be dividéed into threec zones on

the Fasis of reservoir characteristics and stages of thermal maturation.

Geochenical data and interpretations were provided by Core lLaboratories,

Inc. (1979b) and are discussed by Smith (preceding chapter, this report).

The uvpper zone extending down Lo 8,200 feet is thermally irmature and is

dominated by mudstone and shale. The niddle zone, 8,200-11,0630 feet,

though immature contains abundant thick-bedded sandstone with good

reservoir properties. The lower zone, 11,630-15,820 feet, is thermally

mzrure and consists of shale, limestone, sandstone and coal. Shale,

sbuncant in all three zenes, provides potential seals for hydrocarboedn

entrapment.

Upper muddy ZzZomne. The Tertiary and Upper Cretaceous section down

"to 8,200 feet is dominated by marine nudstone and shale. Glauconitic
cands with average porosities exceeding 20 percent are concentrated
in tke intervals 6,700-6,900 feet and 7,600—7,820.feet. Cumnmulative

thickness of these sands is approximatei§ 200 feet. Chalky limestones
provide potential for additional reservoirs.-

Jeochemical data indicate that the thermal maturation of kerogen
in tris zone is very low; and although the Tertiary section above
5,00C feet contains abundant hydrogen—rich algal organic matter that
is ccnsidered to be potentially good oil source, only biogenic methane

is likely to have been generated in the orgenic-rich part of the zone.
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Regional ggisnic veflection data further show that increesed maturation
by deeper burial of this section cannot be expected anywhere

in the entire region of the U. §. Atlantic continental shelf and slope.
Therefore, this zone consisting of Tertiary and Upper Cretaceous sed-
iments is considered to be the least prospective of the three zones.

Middie sandy zone. The Upper Cretaceous {Cenomanian) to Lower

Cretaceous (Hauterivian) section between 8,20C and 11,630 feet consists

-

of two sandstone sequences separated at 8,700 to 9,900 feet by a

thick Albian~upper Aptian shale intervel. More than 1,000 feet of sand-

stone, with porosity values concentrated in the 16 to 24 percent range,
is present in this zone. Permeability values vary widely; most of the
sicdewall cores have permeabilities of less than 10 nd But some are as
nuch as 300 nd, and values of as much as 3,970 md were recorded in con-
venticnal core 1 between 9,921 and 9,935 feet.

Comparison of this zone in the COST lo. B-3 wgll qith a similar
"sendv zone in the COST Ho. B-2 well discloses some intéresting rela--
tionships which may be impqrtant in forming stratigrapﬁié traps.
Although the tops of the sandy zone occur at 8,200 feet in both wells,
bisstratigraphic studies completed to date indicate thét whereas the
upper 700 feet of the sands in the B-2 well are Albian,; the upper
sandy interval in the B-3 well is Cenomanian. In addition, the thick
4lbizn~upper Aptian shale interval at 8,700-9,900 feet in the B-3
well is represented in the B-2 well‘by a time—equivalent section of
thick-L. ided sandsctones. Individual sandstone beds in the B-2 well
are interpreted to thin and/or pinch out toward the B-3 well, creating

possibilities for stratigraphic traps.

fu

- 101 -




4] though this sandy zone contains the thickest section of potential

reservoir rocks encountered in the well, geochemical data indicate that

kerogen in most of the section has not reached the required maturity

for siznificant hydrocarbon generation. Some intervals between 8,200
and 11,100 feet contain about 1 percent organic matter, an average

value for shales; however, the organic matter is of terrestrial origin

and hydrocarben concentrations are very low. Only in the bottom part

of the niddle zone, below 11;100 feet, does thermal maturity approach
the oil generating stage, and although the sediments are organicelly

lean, a few uhin zones contain a variety of kerogen types and are

considered fair sources of oil. These potential source rocks and the

proximity of the underlying thermally mature zone make the lower

sands of the middle sandy zone attractive petroleun exploration targets.

Lower mature zone. . The Lower Cretaceous and Upper Jurassic sec—

tion, from 11,630 feet to 15,820 feet, consists of limestone, sandstone,

shale, and wminor amounts of coal. Marine shale doﬁinates the Lovey

(Neocomian) section between 11,630 and 1224b9 feet. Oolitic

retacaous
limestones are prominent in the shallow merine Jurassic section at

12,400 and 14,100 feet. Below 14,100 feet, thin beds of coal are com-

mon in a seection deposited in terrestrial to marginal marine environments.

The candstones are less abundant and thinner-bedded than in the age-~

equivalent section in the B-2 well. In the B-3 well they are dispersed

througiout the Jurassic section as rather thin (10-3C ft) beds, although
beds a3 puch as 50 feet thick ocecur at the tep of the Jurassic scction
betwveayr 12,400 and 12,600 feet. Porosity logs show approximately 140

cet of sandstone with porosity values in excess of 8 percent. Porosity

.

h
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values of sidewall cores are mainly in the 17-25 percent, range;

however, pé%ﬁéaﬁilities are low, mostly below 10 md. Porositles and

permeabilities of limestones are very low. Oolitic limestone in

conventional core 3 recovered from 12,572 to 12,587.3 feet had porosicies

‘ |
of less than 8 percent and permeabilities of less than Q.l md except

for a fractured zone at 15,282 feet where porosity was 9.7 percent
and permeabilityl:as 47 md. Sandstones, therefore, are the main
potentigl reservoirs and thelr” reservoir characteristics are expected

to improve westward toward the sediment source area. Rgservoir char-

£
)

1 -
acteristics of limestones are expected to improve eastwdrd toward 2

feature seen on regional seismic lines which has been interpreted as

m

Jurassic to Early Cretaceous reef or carbopate ﬁlatfe%m.

The entire section below 11,630 feet is estimated to be thermally
mature and certainly below 15,000 feet the kerogen is at a maturation
state within the main phase of oil and gas generation. Down to 13,000
feet, presence of a variety of kerogen types indicaté; Sbssible oil
sources. Between 13,000 and 14,100 feet the sectionrfs;qqpside::d
pour source:because of low content of organic matter. Below 14,100

' I
feer, good gas source is indicated by abundance of coalﬁ‘kerogen,
.high concentration of dry gas, and a gas show encounterdd at 15,750
feet. The gas recovered at this depth by Repeating Forﬁation Tester
is dry: dominantly methane with low concentrations of Heavier RASES5.
%o oil was recovered during the tests. At total depth gQ5*source

parameters were still improving, indicating possible additional source

bzds below 15,820 feet.

Therefore, in viecinity of the B-3 well, the best potential for

generating si

cn

nificant amount of hydrocarbons appears to be below
- 103 - :



14,100 feet, aithough vertical migration of gas into reservoirs above

14,100 feet is & possibility. Dry pas is the main type of hydrocarbon

tg be expected.

Regional considerations. USGS reflection seisnic records in the

area of U. S. Mid-Atlantic continental slope show a feature which has

been interpreted to be a Jurassic to Lower Cretaceous shelf-edge reef

or carbonate bank (for example, Grow and others, 1979). It is located

seaward (east) of the COST ¥o. B-3 well and trends subparallel to

Tn some seismic lines which were converted

the continental margin.

into depth sections (for example, Grow and others, 1979, p-. 11-72), the

Jurassic and Lower Cretaceous beds in the "hack-reef'' area appear

to be tilted gently to the west; this westward dip is confirmed by
ta in the COST X -3 well. Sandstones in the "bazh-uzefi”

e

dipmeter ca

zrea thin and pinch out eastward or south

thickness and number of beds from the B-2 well to the B-3 well. These

Gpdip pinchouts create an ideal situation for stratigréphic traps
e reeflikeufeagpre. Faults

in the zrea between the COST wells and th

ainly during Early Cretaceous. (Grow and others,

¥

1979, p. 74) provide possibilities for additional traps.

which were active @

. Reservoir characteristics of carbonates are expected to improve

east of the B-3 well along the Jurassic and Lower Cretaccous shed -

edge reef or carbonate bank. The increase in amount of carbonates

from the B~2 to the B-3 well confirms the interpretation of seismic

dava that the lithology of the Mesozoic shelf-edge is dominated by

carbonates. Hattick and others (1978) consider the potential reser—

to be analogecus to

voir development in these shelf-edge carbonates
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the productive back-reef facies of the Cretacecus Edwards Limestone

of Texas and the reef trend of the El Abra—-Tamaulipas Formation of
siie Golden Lane in Mexico. This optimistic interpretatios is tempered

somewhat by lack of discoveries in the Middle Jurassic to Lower Cretaceous

shelf-cdge carbonate unit (the Abenaki Formation) of the Scotian sheli in

74Y gtates that the Abenaki Formation is usually

Canada. Given (1977, p. 74 ta ha

tight, but one well, the Shell G-32 Demascata, penetrated 550 feet of

-

porous dolomite and limestone.

In sumnmary, the geologic data obtained from the B=3 weil, Inlnyablsd
with incerpretation of seismic data indicate that in the area of the well
21l necessary prerequisites for generstion and entrapzent of gas are
oresent in the Jurassic cediments. Vertical migration-bf'hydrocarbons
fren thermally mature sources into the excellent Lower Cretaceous

reservoir sands is a possibility enhanced by the presence of Early

Cr

]

taccous faults. The Upper Cretaceous and Tertiary section is con~

n

idered least prospective, in light'of low thermal matur%tion, limiced
reservoirs, and apparent scarcity eof traps. East of the B-3 well,
.the Jurassic and Lower Cretaceous shelf~edge carbonates provide an

attractive trend for exploration.
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ENVIRONMENTAL CONSIDERATIONS

N i 3y Eric V. Kaariela

Before the drilling permit was approved, an Eavirommental AnaIysis

for the proposed COST No. B=3 well was prepared.- This report, com=

pleted in September, 1978, is available for public review at the Public

Information Room of the USGS, at 1725 K Street HN. W., Washington, D. C.

The report discussed those parts of the environment which might ol

aifected by the proposed drilling operation and included summaries and

reviews of solicited comments from other concerned Federal agencies,

affected States, and local environmental and special-interest groups.
The study concluded that drilling of the B-3 well would 'not signifi—
cantir affect the human and physical environmeht and therefore would

Hovever, an Environmental

not require an Environmental Impact Statement.

[y

Impac: Statement. (U. 5. Department of Interior, 1978) covering the overall

area was prepared for 0CS Lease Sale 49 and copies may be inspected

2t the same Public Information Room iisted abovéf:
Chevron USA Inc. applied.in June 1978 for the'permit to drill the

COST No. B-3 well. The site selected was determined by CDP seismic

survevs to be away ifrom any potential hydrocarbon—entrapping geological

structure; thus the probability of the well penetrating a major hydro—

carhol accumulation was considered to be small. As required for the

permic to drill the stratigraphic test well, archeological, biologiceal,

and engineering site surveys were made. The results of these surveys

for the COST ¥o. B-3 well,

adverse effect on-drilling.

were ovaluated in the Envirommental Analysis

togetner with any hazards that might have an

Other than the impact of an oil spill, there would be little effect
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on the fish and wildlife of the area or nearby coastal tidawvaters.

Although some endangered and threatened species are known to oceur inp
the ¥ig-Atlantic 0CS, none are known to occur exclusively at the loca-
tion of the welli. The effect of an oil spill in the Mid—A%lantic is

unpredictable but it could be extensive. Toxic hydrocarbong could pose

|
a threat to free-floating larvaec of fish and cause benthic contamination

of surviving organisms. This might interrupt one or more reproductive

cvecies of certain species which in turn might adversely affect the

fishing industry. In the unlikely event that such oil reached the shore,

the recreational uses and esthetic value of the shore would also be

advarsely affected. As a safeguard, USGS regulations, perpit stipulations,

e : . . . | e
aud OCS orders were enforced to provide maximum control over drilling
[

operetions and USGS inspectors continuously monitored operations for
. . i
compliance. An oil-spill contingency plan was developed providing for

a Fast-response skimmer system with additional backup spill containment

&nd. cleanup equipment.

Hazards, both natural and man-nade, that might endang?f-drill—
ing operations were considered prior to approval of the permit to drill.

L H

High-resolution seismlc data in the area sthéd no significant challosy
gas accumulations or near-surface faulting. Geologic haza?ds associated
with high-pressure zones at depth were not encountered. 1f they had

. |

been, however, & praessure—control program utilizing the weight of the
diilling-mud column, blowout prevention equipment and well'casing strings
was avallable. The earthquske-related hazards were consid%red to be
mirimal as the area has little seismic actlvity. RNo seismic activity was

noetad during the drilling of the well.
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Other natural hazards associated with weather, sand wave novenent

and-sediment.scour did not adversely affect the actual drilling opera-

rions. Adverse weather conditions did slow drilling operations but were

never a problem. Bad weather stopped drilling on only 10 e¢f 109 days.

The conductor pipe settled after it had been set and before the surface

casing was cemented. However, the settling did not hinder the drilling

operations.

The only manuade hazards in this area were those associated with

the risk of at-sea collision and other accidents associated with drilling

operations. No such drilling accidents occurred.

The daily drilling operations did not affect the area's shipping,

comnercial fishing or recreational activities. Washed cuttings of ap-

proximately 600 cubic yards were dispersed on the ocean bottom near
the drill site during drilliag, and some drilling rud was dunped at

afrer it was deemed to be frece of oil or other toxic substances..

well was plugged and abandoned on January 25, 1979, in accordance

with the 0CS orders and regulations.
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SUMMARY AND CONCLUSICNS

. —
- -

The COST No. B-3 is the first deep well to penetrate the U. S. Atlantic
slope. The well was drilled by Chevron USA Inc. with 10 other expense-
sharing companies to a total depth of 15,820 feet in the Baltimore

Canyon Trough area, about 93 sratute miles southeast of Atlantic City,

w. J. Drilled in 2,686 feet water by the dynanmically positioned drill

ship Een Ocean lLancer, the well was begun on October 9, 1978, and complet-

-

ed on January 25, 1979. Geological and engineering data obtaired from
this cdeep stratigraphic test were used by participating conpanies and
¢he USCS for evaluating the petroleum potential, as well as possible

T

ing problems in deep-water areas in preparation for Lease Sale 49,

V]

=

d¢ril
held on February 28, 1979.

Feur casing strings were set and cemented in the well; 30-inch
casing was set at 2,894 feet; 20-inch at 3,753 feet, 13 3/8-inch at
5,736 feet, and 9 5/8-inch casing at 12,639 foot. .Sea water was uzerd
‘to drill from 2,894 to 3,785 feet, sea water—gel frgg 3,?85 te 5,766
feet, and gel-lignosulfonate mud for the remainder of tgé well. The mud-
veight increased from 9.0 ppg at the ongsgt to 11.7 ppg at total depth,
although it decreased to 8.2 ppg due to gaé flow betweén 15,750 and
15,760 feet. The total cost of the well was approximately $12 nillion.
About 29 percent of the 109 days required to drill the well was spent
drilling; 18 percent, tripping to change bits; about 13 percent fishing
for lost bits and eguipment; 10 percent for logaing and testing, and
the remainder for cementing, plugging, rig repalr, and weather.

Fight geophysical leogs were run in the well to determine lith-
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ology, porosity, and formation fluids, and to aid in stratigraphic

correlaticn.-. Mud logs and pressure analysis logs were plotted during

drilling and four wireline formation tests were made near the botton

. -]
of the wall. An average tenperature gradient of 1:36 F/100 feet was

rermined from geophysical log thermometer readingse.

dete

four conventional cores and 1,466 sidewall cores were ocbtained

from the well. The recovered conventional core intervals are 9,921-9,935

feet with average porosity of 16 percent and permeability of 1,356 =i
11,009.5-11,060.75 with 10 percent porosity and 19 nd permeability, 1%,572-
12,587.3 with 6 percent porosity and 3 mé¢ permeablilty, and 13,773-13,794.5

with 4 percent porosity and an average of 1 md permeability. In general,
2l core porosity values are in closcst'ég:eement with density
log ralueg, except between 12,000 and 13,700 feet whére core values nore
closely =atch those from tiie sonic log. Sidewall cores generally show
higher pecrosities than conventional cores or logs.

The COST No. B-3 probably penetrated Pleistocene, Pliocene, and

possibly upper Miocene rocks, although samples were not obtained until

-Ehe well reached 3,800 feet, which is dated as middle Mgécene. Trie L~
drilled through 2,240 feet of Tertiary strata, reaching' the Cretaceous
at 6,040 feetr; 2,650 feet of Upper Cretaceous rocks were penetrated to
.8,590 foet; and after which the well encountered 3,710 feet of Lower
Cretacenus strata. Upper Jurassic sediments were recognized at 12,400
feet and the well was still in Upper Jurassic (Kimmeridgian Stage) at
total depth, 15,820 feet.

The stratigraphic sequence penetrated by the B~3 is divided into
four major lithologic groups. Section I occurs from 3,790 to 6,080

and consists of Tertiary calcareous mudstone, claystone; and minor
- 110 -
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apmounts of argillaceous limestone and siltstene deposited in middle shelf

to upper slope environments. Section 11, from 6,080 to 8,200 feet, -includes
nudstone, siltstoﬁe, and minor sandstone of Late Cretaceous age deposited

in a prodelta to middle shelf environment. Section III, from 8,200 to
12,400 feet, contains sandstone, shale, and minor carbonaée rocks of

arly and Late Cretaceous age; these strata were leid down in environments
ranging from outer shelf to delgas and river channels. The deepest sectionm,
1v, from 12,400 to 15,820 feet, comprises sandstone, linestone, and shale
of late Jurassic age deposited in near-shore tidal flat to outer shelf”
environments.

Comparison of the B-3 well with the COST No. B-2 well, which was
drilled 32 statute miles neorth, shows the Tertiary in thé B~3 to be
thinner, more shaly and deposited in deeper water (moré marine}; the
Unper Cretaceous in the B-3 is less sandy, thinner, and more marine;‘the
lower Cretaceous contains less sand and éoal, is morq_ma:ine, but is
aﬁout the same thickness as in the B-2; and the Jurasé}c;ié strati-
graphically thicker (more Tithonian), more marine,_and contains more
limesteonc than the B-2. Enuggh paleontolog?cal ;nd'lithdlogical
similarities were noted between the B-3 well and wells drilled on the
Scotian Shelf of Canada to make some gross correlations.

4 toral of 1,625 feet of porous sandstones of petrokeun reservoir
guality (greater than 8 percent porosity) were logged in the well from

geophysical log analysis. By depth interval, this includes %88 feet of

r

ffective porosity averaging 19 percent from 6,000 ro 10,000 feet depth,

[es]

32 foet averaging 18 percent from 10,000 to 13,000 feet; and 105 feet
with an average of 11 percent from 13,000 feet to total depth. Porosity
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diminishes rapidly below 12,000 feet where the rocks are predominantly
limestone aﬁavéhale} porosity of the sandstone in this section is reduced

mainly by cementation and pressure solution. The section from 8,000 to-

12,000 feet contains.the best combination of potential reserveoir rocks

and sealing beds.

from poor in the upper part of the section to good in the lowest part.
The Tertiary and part of the Upper Cretaceous section down to 8,200 feet
contains abundant reservoir rocks and hydrogen-rich organic patter, but
laclhs the thermal maturation to have generated anything but biogenic
methane. The remainder of the Upper Cretaceous agq part of the Lower
Cretaceous section between 8,200 and 11,630 feet.includes zore than 1,000
fect of potential reservoir rocks; however, geochemical data indicate
that kerogen in this interval is of terrestrial origin and has not quite
reazched the required maturity for petroleum generation. The Lower
Cretaceous and Upper Jurassic section from 11,630 féét Ep total dupta
consists maiﬁly of limestone, sandstone, and shale aga'iHFIUdes more
than 200 feet of petential reservoir rocks. This section is thermally
mature, and except between 13,000 and 14,000 feet, contéins sufficient
organic matter to have generated dry gas, with some likelilioed of oil
above 13,000 feet. The best potential for hydrocarbons occurs below
lé,lbO feet although vertical migration of gas into reservoirs above
this level may have occurred.

During driliing of the B-3 well, a show of gas was encountered in

the interval from 15,744 to 15,752 feet. 1lud log gas readings increased

from 10 units to as high as 2,500 units and electric log analysis indicated
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\
tihe

presence of 8 feet of gas—bearing sandstone averaging 12 percent

porosity and.a water saturation of 32 percent. Two formation tests in

this
UsSGs
well

trap

zone recovered small amounts of gas; and the show, judged by the
to be significant, was publicly announced, in-keeping with COST
regulatiens. The gas was probably contained in a spall stratigraphic

1
Aot discernible on selsmic lines over the drill'siQE.
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