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EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4 AND ADJACENT AREAS, NORTHERN ALASKA, 1944-53

TEST WELLS, SQUARE LAKE AND WOLF CREEK AREAS, ALASKA

By Frorexce Rucker CoLLINs

ABSTRACT

Square Lake test well 1 and Wolf Creek test wells 1, 2, and 8
were drilled on 2 anticlines in the Arctic foothills province of
northern Alaska. The wells were drilled in 1951 and 1952 as
part of the U. 8. Navy’s program of exploration for oil in
Naval Petroleum Reserve No. 4. Rocks of Cretaceous age were
penetrated in both anticlines. Some of the sands penetrated
were found to contain small nonecommercial amounts of gas and
oil, and the wells were abandoned. This report includes geo-
logic, paleontologic, logistic, and engineering data obtained in
drilling the tests; graphic logs are included to supplement the
text.

INTRODUCTION

Square Lake test well 1 and the three test wells on
the Wolf Creek anticline are on structural features in
the northern foothills section of the Arctic foothills

province of northern Alaska, north of the central part
of the Brooks Range (fig. 83). They were drilled by
Arctic Contractors in 1951 and 1952 as part of the U. S.
Navy’s program of exploration for oil in Naval Petro-
leum Reserve No. 4. Square Lake test well 1, on an
anticline located by seismograph survey, and the Wolf
Creek wells, on an anticline defined by photogeologic
and surface mapping, were drilled to test Cretaceous
rocks which are oil bearing elsewhere in Naval Petro-
leum Reserve No. 4. The two anticlines were found
to be similar, and both contained gas. The gas volumes
were too small to be of present commercial value, and
the tests were abandoned.

This report presents detailed geologic and engineer-
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ing data obtained in drilling the four test wells; much
of the information is summarized on graphic logs (pls.
29 and 30). Data were compiled in part from informa-
tion obtained by Arctic Contractors, who drilled the
test wells under contract to the U. S. Navy. Additional
data were furnished by United Geophysical Co., Inc.,
the Schlumberger Well Surveying Corp., the National
Bureau of Standards, and the U. S. Bureau of Mines.
Surface and photogeologic mapping was done by geolo-
gists of the U. S. Geological Survey. Survey geologists
also described the cores and ditch samples, made micro-
faunal studies, and determined porosity and permeabil-
ity in the Survey’s laboratory in Fairbanks, Alaska.
Microfossils and faunal zones were determined by
Harlan R. Bergquist, and the stratigraphic distribu-
tion of fossils in the test wells of northern Alaska will
be presented by him. Invertebrate megafossils were
identified by Roland W. Brown. The heavy-mineral
data are part of a regional study of the heavy-mineral
zones by R. H. Morris. The help of many other engi-
neers, geophysicists, and geologists connected with the
above organizations is gratefully acknowledged.

SQUARE LAKE TEST WELL 1

Approximate location: Lat 69°34’ N., long 153°18’ W.
Elevation: Ground, 324 feet ; kelly bushing, 340 feet.
Spudded : January 26, 1952.

Completed : April 18, 1952 ; plugged and abandoned.
Total depth: 3,987 feet.

Square Lake test well 1 was drilled to test Cretaceous
rocks on an anticline defined by United Geophysical
Co., Inc., by reflection seismograph in 1951, It is about
145 miles southeast of Barrow on the north edge of the
northern foothills section of the Arctic foothills prov-
ince. The area immediately surrounding the test has
less than 50 feet of relief, and the region north of the
well is flat, marshy, and dotted with lakes connected
by small meandering streams (fig. 34). A few miles
south and east of the test, low hills rise about 500 feet
above the lowland. The coastal plain is mantled with
marine sand deposits of Pleistocene age, and Upper
Cretaceous rocks crop out in the hills. The location
of the test well is only approximate, as its latitude and
longitude were not accurately established. The loca-
tion of the site with respect to the seismic lines run by
United Geophysical Co., Inc., has been carefully deter-
mined, however; and the hole is correctly located with
respect to the structure contours on figure 34.

Beds dip gently away from the crest of the anticline,
and contours drawn by United Geophysical Co., Inc.,
on a seismic horizon at a depth of 3,000 feet show a
vertical closure of much more than 200 feet enclosing
an area of about 24 square miles.

The test well is on the northeast side of the east-
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trending anticline, about 75 feet structurally lower than
the apex. The anticline is on the south flank of a struc-
tural basin outlined farther east by the Umiat and
Gubik anticlines and to the west by the Oumalik anti-
cline. Regional surveys by United Geophysical Co.,
Inc., in 1947 show that the observed gravity decreases
westward in the vicinity of the well. The area is also
underlain (according to an airborne magnetometer
survey made in 194546 by the U. S. Navy and the Geo-
logical Survey) by the northwestward-plunging end of
the largest magnetic anomaly in the region, the center
of which nearly coincides with the crest of the Umiat
anticline.

Sandstone beds in the Tuluvak tongue of the Prince
Creek formation which contain gas at the Gubik field
(Robinson, 1958), and sandstone beds of the Nanushuk
group which produce oil and gas at Umiat (Collins,
1958), are nonpetroliferous in this test. Formation
tests were inconclusive because ice formed in the testing
instrument ; but two gas-bearing sandstones in the Sea-
bee formation, at 1,646-1,675 feet and 1,835-1,860 feet,
are estimated by Arctic Contractors to contain from 41
to 58 billion cubic feet of gas. Both sandstone beds
produced water as well as gas.

STRATIGRAPHY

The following gives the depths at which the strati-
graphic units were found in Square Lake test well 1:

Depth (feet)
16-25_ . _____ Gubik formation.
25-700. - . _____ Tuluvak tongue of the Prince Creek
formation.
700-1,885_ .. ______ Seabee formation.
1,885-2,475__________ Ninuluk and Chandler formations, un~
differentiated.
2,475-3,987 . ___.___ Grandstand formation.

The well spudded in a thin mantle of alluvium com-
posed of well-rounded sand and gravel made up of
clear, white, and yellow quartz and black chert. In
the first sample, from 30 feet, rocks from Cretaceous
strata as well as surface material were recovered.

In this well the Tuluvak tongue of the nonmarine
Prince Creek formation (Colville group, Upper Cre-
taceous) underlies the alluvium. This sequence of beds
is composed primarily of sandstone, with some shale,
and is characterized by a large amount of bentonite and
some coal. The sandstone is light to medium light
gray, silty, and micaceous and commonly has a very
bentonitic matrix which makes most of it impermeable.
Carbonate minerals, which are probably cementing ma-
terial, range from 0O to 30 percent; in some places the
amount changes abruptly. The very calcareous parts
are lighter gray than the noncalcareous ones. Most of
the rock is impermeable to air, and the effective poros-
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ity ranges from 1.9 to 23.2 percent. The sand is very
fine to medium grained, and the particles are angular
to subrounded clear and white quartz with some white
and gray chert and coal fragments. The coarser sand-
stone beds commonly contain enough dark grains to
give them a salt and pepper appearance. Rare siltstone
beds are similar to the sandstone. Most of the clay
shale is medium to medium light gray, silty in part, and
bentonitic, with thin beds and laminae of siltstone., A
minor amount of clay shale, commonly associated with
coal, is black and carbonaceous. Bentonite is present
both as a conspicuous constituent of some shale, silt-
stone, and sandstone beds, and as laminae or beds as
much as 2 feet 8 inches thick. The beds of bentonite are
grayish or yellowish white and friable ; some are argil-
laceous and silty. They commonly contain rare to
abundant particles of carbonaceous material and mi-
nute biotite flakes. Thin coal beds (the thickest cored
was 1 foot 3 inches) are present at several depths.
Coaly partings were noted in many sandstone beds, and
carbonized plant fragments are common in some beds
of shale. The bottom of the Prince Creek formation is
placed at 700 feet, at the base of the sequence dominated
by sandstone. A bed of shale at 522-550 feet contains
a few Foraminifera. (Seep.479.)

Below the Prince Creek formation the well entered
the marine Seabee formation of the Colville group.
The upper part of this formation consists of about
440 feet of bentonitic medium-gray clay shale and is
separated from several hundred feet of darker harder
less bentonitic shale by 50 feet of light-gray fine-grained
slightly bentonitic partly calcareous sandstone. Thin
beds of bentonite are very rare in the upper shale, which
also contains a few thin beds of siltstone. The darker
shale in the lower part of the formation is slightly
silty, with silty laminae and beds of medium-gray silt-
stone that are thicker and somewhat more common than
those in the upper part of the shale. Below the base
of the lower shale at 1,630 feet are 2 beds of sandstone
120 and 45 feet thick. The upper sandstone bed is light
to medium light gray, fine to medium grained, silty, and
slightly to very argillaceous; the lower, thinner bed
is calcareous. Air permeability of the sandstone is low,
ranging from impermeable to 43 millidarcys; and the
effective porosity is 10.3 to 20.4 percent. The sand is
composed of angular to subangular clear and white
quartz, with a few dark rock fragments and chert ; mica
is rare. These sandstone beds, both of which contain
gas, are separated by 140 feet of medium-dark-gray
clay shale which is similar to the overlying beds. Be-
neath the lower sandstone are thin beds of clay shale and
siltstone, a 1-inch bed of yellowish-gray clay ironstone,
and, marking the base of the formation at 1,885 feet, a
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thin conglomerate of rounded black chert pebbles one-
eighth- to one-quarter inch in diameter.

The top of the Nanushuk group is marked by an
abundance of Zrochammina rutherfordi Stelck and
Wall, and Gaudryina canadensis Cushman (see p. 480)
just below the top of the conglomerate. These two
species of Foraminifera are characteristic of the Ninu-
luk formation, the uppermost formation of the group.
In this well the contact between the Ninuluk formation
(Upper Cretaceous) and the underlying nonmarine
Chandler formation (Lower Cretaceous and Upper
Cretaceous) cannot be determined definitely, although
a 75—foot interval of sandstone containing a few thin
beds of clay shale probably represents the Ninuluk
formation. Beneath this sandstone, in descending order,
are 10 feet of siltstone, about 200 feet of clay shale
with a few thin beds of sandstone, and approximately
500 feet of interbedded sandstone and clay shale. These
beds contain essentially no marine fossils, although
some contain clay ironstone nodules and laminae of coal
and carbonaceous plant fragments. The entire sequence,
from 1,885 to 2,475 feet, makes up the Ninuluk and
Chandler formations, undifferentiated. The base of
this unit is the basal sandstone of the nonfossiliferous
sequence.

The apperance of the Verneuilinoides borealis micro-
fauna (see p. 480) in the shale beneath the Chandler
formation indicates the presence of the marine beds
of the Grandstand formation (Nanushuk group, Lower
Cretaceous), consisting of interbedded sandstone and
shale alternating with thick, massive beds of sand-
stone. The clay shale is medium dark gray, micaceous
in part, slightly to very silty, and has laminae of
medium-light-gray siltstone within it. The thin beds
of sandstone are medium light gray, silty, argillaceous,
and commonly noncalcareous. Five massive sandstone
beds, 50 to 125 feet thick, were penetrated in the lower
1,000 feet of the hole. These sandstones are medium
light gray, fine to very fine grained, slightly to very
silty, and slightly to very calcareous in a few short inter-
vals. The upper sands are somewhat coarser, less silty
and argillaceous, and more calcareous than the lower
sands, and the uppermost bed is the only one which
has permeability (1.7 to 6.8 millidarcys). Porosity is
low, ranging from 2.5 to 12.9 percent ; the uppermost bed
is the most porous of the group. The sand is composed
of angular to subrounded grains of clear and white
quartz, with some chert and rare dark rock fragments.
Mica is rare to common. The sandstone beds contain
a few laminae and thin beds of clay shale; carbonaceous
partings are rare. An intraformational conglomerate
of claystone fragments is present at 3,714 feet, and
swirly bedding is at 3,190 feet. Very faint oil stains
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were noted in a few of the sandstone beds, but tests re-
covered only drilling mud. The beds are separated by
from 20 to 150 feet of medium-dark-gray clay shale
with thin beds of siltstone and sandstone. Between the
base of the lowest massive sandstone and the bottom of
the hole is an 80—foot interval of shale which may be
in either the Grandstand or the Topagoruk formation.
The two are distinguished only by the thicker, more
massive sandstone beds in the upper formation; and
as the presence or absence of sandstone below the bot-
tom of the hole is uncertain, this shale is 1ncluded in the
Grandstand formation.

DESCRIPTION OF CORES AND CUTTINGS

Descriptions of the rocks penetrated in Square Lake
test well 1 are based on examinations of cores and cut-
ting samples. Composition as shown on the graphic
logs, however, is determined in part by an interpreta-
tion of the electric log, and hence may differ slightly
from the written description. The material was de-
scribed dry, and colors were determined by comparison
with the Rock Color Chart (Goddard and others 1948).
The depths were measured from the top of the kelly
bushing.

“Clay ironstone” is a yellowish-gray to grayish-yel-
low dense hard argillaceous rock with conchoidal frac-
ture; it is sideritic, and usually reacts Wlth cold dilute
hydrochloric acid.

Abundance of microfossil specimens mentioned at
the beginning of each core description is defined as fol-
lows: 14, very rare; 5-11, rare; 12-25, common ; 26-50,
abundant; more than 50, very abundant.

Lithologic description
[Where no core is listed, description is based on cutting samples]

Core Depth (feet) Remarks

0-16
16-30
—— 30

Kelly bushing to ground level.

No sample.

Sand and gravel; composed of well-rounded
clear white and yellow quartz and black
chert. Black shiny, blocky-facturing
coal is also present. A few pieces of
medium-light-gray clay shale are glightly
to very silty, micaceous, noncalcareous,
and slightly bentonitic. Rare clay iron-
stone is light yellowish gray. Top of
Tuluvak tongue of Prince Creek forma-
tion at 25 ft. Samples to 130 ft contain
a large amount surface gravel; this is not
included in description below.

Clay shale, light-gray, bentonitic; very
fine-grained angular white quartz sand;
also coal.

Clay shale and coal.

30-70

70-80

466290—59——2
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Lithologic description—Continued

Core

Depth (feet)

Remarks

80-130

130-140

140-150

150-160

160-170
170-200

200-212

212-220
220-235

235-255

Clay shale, with some coal; small amount
white very fine-grained slightly bento-
nitic sandstone in lower 10 ft.

Clay shale, light-gray; black coaly clay shale;
and light-gray fine- to medium-grained
bentonitic noncalcareous very slightly
micaceous sandstone. Electric log indi-
cates sandstone throughout interval.

Clay shale, light-gray, nonmicaceous, ben-
tonitic, slightly silty in part.

Sandstone, light-gray, very fine-grained,
noncaleareous; very slightly bentonitic;
some clay shale.

Clay shale, medium-gray, very silty, non-
bentonitic.

Clay shale, with some white bentonite and
small amount black shale.

Recovered 5 ft: Microfossils absent.

9 in., drilling mud with }%-in. fragments
of medium-gray clay shale.

2 in., coal, black, dull; poor shaly to
blocky cleavage.

4 in., bentonite, grayish-white, argil-
laceous; with very rare silt-sized
flakes of biotite and coal.

4 in., coal, black, dull to shiny; shaly
cleavage; %-in. bentonite beds as
above.

4 in., bentonite, light-olive-gray, very
argillaceous, slightly caleareous.

2 in., coal, as above.

2 ft 3 in., coal, interlaminated with black
carbonaceous shale.

8 in., claystone, medium-gray, very
bentonitic, noncaleareous; slightly
waxy luster.

Coal and black shale.

Sandstone, light-gray, fine-grained, non-
caleareous, nonbentonitic.

Recovered 19 ft: Mierofossils absent.

5 ft, sandstone, medium-light-gray,
medium-grained, salt and pepper,
slightly argillaceous, slightly to very
calcareous, massive; very rare coaly
patches. Sand grains are angular to
subrounded white and clear quartz
with some white and gray chert, and
coal particles; dark rock fragments
and mica are rare. At 237 ft effective
porosity 15.5 percent, and carbonate
content 29.1 percent by weight; rock
is impermeable to air.

5 in., sandstone, light-gray, fine-grained,
argillaceous, very slightly calcareous.

4 ft 7 in., sandstone, as in top of core,
medium-grained; grades to fine grained
with depth.

1 ft 3 in., sandstone, salt and pepper as
above, medium-grained.
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Lithologic description—Continued
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Lithologic description—Continued

Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

255~274

3 ft 8 in., sandstone, light-gray, fine-

grained, slightly to very calcareous;
common faint-yellowish-gray silty cal-
careous streaks dipping approximately
22°, At 247 ft rock impermeable to
air but has effective porosity of 12.4
percent.

2 in., siltstone, light-gray, bentonitic;

medium-dark-gray clay laminae dip-
ping 17° (cross bedding?).

7 in., sandstone, very fine-grained,

argillaceous, noncalcareous, benton-
itic; very rare carbonaceous streaks.

5 in., clay shale, medium-gray, noncal-

careous, slightly bentonitie; blocky to
poor shaly cleavage; grades to argil-
laceous bentonitic medium-light-gray
siltstone with clay laminae.

2 ft 9 in., sandstone, light-gray, very

fine-grained, very argillaceous, slightly
to noncalcareous; yellowish-gray silt-
stone streaks and rare carbonaceous
patches; there are 2-in. beds of
medium-light-gray noncalcareous clay
shale at 253 and 254 ft.

2 in., clay shale fragments, medium-
gray, nonsilty, noncalcareous; abund-
ant specks of coaly material.

Recovered 18 ft: Microfossils absent.

7 in., coal particles and clay shale, as
at base of core 2.

8 in., coal, black, dull to shiny; shaly
to blocky fracture; there is a ¥%-in. bed
of medium-gray medium-grained very
calcareous sandstone at top.

1 ft 9 in., clay shale, medium-dark-
gray, nonmicaceous, noncalcareous;
fair shaly cleavage; carbonaceous
streaks and flakes; specks of amber
abundant in upper part but grade to
absent at base. Slickensides on some
surfaces.

1 ft, claystone, medium-gray, very
bentonitic; rare minute carbonaceous
particles.

2 ft 8 in.,, bentonite, grayish-white,
slightly silty; very gilty rare minute
carbonaceous particles, with abundant
minute biotite and carbonaceous flakes
in lower part.

10 in., claystone, bentonitic, as above.

4 in., clay shale, medium-gray; in-
dividual laminae warped and parted
by calcite veins of varying thickness
which make up at least half of the
rock volume. Clay ironstone patches
at top and bottom.

2 ft, claystone, medium-gray, non-
calcareous; medium-gray fissile clay
shale and two thin (< 1 in.) beds

274-280
280-290

290-300

300-330

330-340
340-350
350400

400-410
410-420
420-430

430449

449-469

of shaly coal at 265 ft. Roland W.
Brown identified a fragment of Cis-
sites? sp., a Cretaceous plant, from
264 ft.

1 ft 1 in., bentonite, white; 2-in. in-
tervale of black carbonaceous fissile
clay shale in center and at base of
section.

1 ft 9 in.,, clay shale, medium-gray,
silty, noncalcareous; rare medium-
light-gray silt laminae. Beds lie flat.

2 in., bentonite, white.

10 in., clay shale, interlaminated with
medium-light-gray noncalcareous silt-
stone. Grades into unit below.

3 ft 4 in., claystone, medium-light-gray,
medium-dark-gray at base, silty; ir-
regular crossbedded siltstone laminae.

4 in., coal, black, dull; ghaly fracture.

3 in., clay shale, medium-light-gray,
bentonitie, coaly.

5 in., bentonite, white.

Clay shale, medium-gray, nonbentonitic.
Bentonite, very light-yellowish-gray, very
argillaceous; small amount elay shale.
Clay shale, light-gray; small amount clay

ironstone.

Clay shale with some sandstone, light-
gray, fine-grained, nonbentonitic; very
fine-grained wvery silty sandstone and
siltstone in bottom 10 ft. Black car-
bonaceous plant fragments in shale.

Clay shale, light- to medium-light-gray.

Clay shale and bentonite.

Sandstone, light-gray, fine-grained, noneal-
careous, nonbentonitic; light- to medium-
gray clay shale.

No sample.

Clay shale, with some sandstone as above.

Sandstone and clay shale as above; small
amount medium-light-gray argillaceous
dense limestone cut by an aragonite
veinlet.

Sandstone, very light-gray, medium- to
fine-grained, calcareous, nonbentonitic;
some clay shale. .

Recovered 20 ft: Microfossils absent.

1 ft 3 in., coal, black, dull to shiny;
ghaly cleavage to blocky fracture.

2 ft 10 in., clay shale, light-olive-gray,
noncalcareous, very bentonitic; ben-
tonite decreases with depth. Grades
into unit below.

10 ft 7 in., clay shale, medium-light-
gray, fissile; abundant carbonaceous
plant fragments, especially in the
upper part; coaly fragments of
Metasequoia cuneata (Newberry)
Chaney, (identified by Roland W.
Brown), and dicotyledonous plants.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
8 in., claystone, medium-light-gray, tive porosity 14.3 percent; air permea-
noncaleareous. bility 9 millidareys, carbonate content
4 ft 8 in., clay shale, medium-light-gray; by weight 10.25 percent.
intercalations and thin beds of me- 2 ft 4 in., sandstone, as above, but very
dium- to medium-light-gray very fine-grained. Grades into unit below.
fine-grained silty bentonitic sand- 2 ft 6 in., sandstone, fine-grained; as at
stone that is calcareous in upper part. top of core.
A few streaks of light-gray fine- to 1 ft 3 in., siltstone, light-gray, sandy,
medium-grained very calcareous sand- calcareous, bentonitic; common slight-
stone in upper 2 ft. ly carbonaceous laminae dipping less
———- 469-490 | Clay shale, with minor amount of sandstone than 2°.
in upper half and black shale in lower 5 in., sandstone, fine-grained; as at top
half. of core. Grades to medium grained at
———— 490-500 | Clay shale, black, coaly; and light-gray base.
clay shale, with minor amount coal. 1 ft 5 in., clay shale, light-greenish-gray,
———— 500-512 | Sandstone, as in core 5. nonealcareous, very bentonitic; frag-
5 512-532 | Recovered 20 ft: Microfossils rare. ment of Metasequoia cuneate (New-
14 ft 5 in., sandstone, medium-light- to berry) Chaney from 585 ft was identi-
olive-gray, very fine-grained, very fied by Roland W. Brown.
silty, very slightly calcareous, very 8 in., coal; laminae of black shale.
bentonitic. Sand grains are very 3 ft 7 in., claystone, light-greenish-gray,
angular, composed of white quartz, noncalcareous; grades to medium light
commonly frosted; gray and dark rock gray at base; subconchoidal fracture
fragments; mica is common, pyrite becoming fissile toward base.
and glauconite absent. At 514 ft 8 590-608 | Recovered 11 ft: Microfossils absent.
effective porosity 15.1 percent, at 525 1 ft 7 in., claystone fragments, medium-
ft effective porosity 9.4 percent, and dark- to dark-gray; small curved slick-
carbonate content by weight 17.9 per- ensided surfaces on a few pieces.
cent; samples from both depths are 4 ft 5 in., siltstone to silty claystone, very
impermeable. light- to light-gray, slightly calcareous,
2 ft 7 in., clay shale, medium- to medium- very bentonitic; with rare carbona-
light-gray, slightly silty, noncalcare- ceous particles and abundant biotite
ous, very bentonitic. Beds lie flat. flakes (some euhedral) on bedding
7 in., sandstone, as above. planes. Thin 1-to 2-in. beds of light-
2 ft 5 in., clay shale, as above. gray bentonite.  Poor shaly cleavage
6 532-552 | Recovered 18 ft: Microfossils rare. parallel the bedding suggests the beds
1 ft 7 in., sandstone, as in core §; with lie flat.
1-in. clay ironstone at base. 3 ft 11 in., claystone, very bentonitic;
1 ft 5 in., clay shale, as in core 5. grades to argillaceous bentonite; in-
1 ft 3 in., siltstone; similar to sandstone filtrated with drilling mud. Rock is
above. light to medium light gray, non-
13 ft 9 in,, clay shale, as above; rare calcareous, and has irregular to blocky
thin beds (< one-half inch thick) of fracture.
silt and very fine-grained sandstone, 1 ft 1 in., claystone, medium-light-gray,
and two 10-in. beds of medium-light- nonealcareous, hard, dense.
gray noncaleareous siltstone, with thin 9 608-629 | Recovered 20 ft: Microfossils absent.
beds of clay shale between 541-542 ft Sandstone, light-gray, fine- to medium-
and 546-547 ft. grained, bentonitic, massive; very cal-
——— 552-570 | Sandstone, as in cores 5 and 6. careous from 613-615 ft and from 625—
7 570-590 | Recovered 20 ft: Microfossils absent. 629 ft and somewhat lighter colored

7 £t 10 in., sandstone, medium-light-gray,
fine-grained, slightly to very calcare-
ous, very bentonitic; composed of
angular to subangular grains of white
and clear quartz, and gray and dark
rock fragments.  Biotite is common.
Minute bentonitic streaks; carbona~
ceous partings are rare. Two calcite
streaks in very calcareous rock are
between 575-576 ft. At 576 ft effec-

through calcareous intervals compared
with noncaleareous sections above and
below. Calcareous sections usually
have sharp contacts with over- and
underlying beds. Sand is composed of
angular to subangular white and clear
quartz and gray and dark rock frag-
ments; biotite is common; carbonace-
ous plant flakes on a few rare partings
which dip approximately 12° (cross-
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Core

10

11

12

13

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

629-649

649-669

669-689

689-708

bedding?). At 611 ft effective porosity
21.8 percent, and air permeability 54
millidarcys. At 627 ft effective porosity
1.9 percent, carbonate content 40.8
percent, and rock is impermeable.
Recovered 19 ft: Microfossils absent.

Sandstone, as above; calcareous from
629-630 ft and 634-639 ft; lower part
of latter interval is yellowish gray and
very calcareous. Rest of core to 649
ft is moderately calcareous. At 632 ft
effective porosity 23.2 percent, and air
permeability 11 millidarcys. At 641
ft effective porosity 10.9 percent, car-
bonate content 25.6 percent, and rock
is impermeable.

Recovered 20 ft: Microfossils absent.

3 ft 9 in,, siltstone, medium-light-gray,
argillaceous, noncalcareous, bentonitic;
rare particles of coal and mica flakes.
Beds lie flat.

8 in., sandstone, light-gray, medium-
grained, salt and pepper, argillaceous,
noncalcareous.

9 in,, clay shale, medium-light-gray, non-
calcareous, slightly bentonitic; lam-
inae and intercalations of light-gray
noncalcareous slightly to very ben-
tonitic claystone.

3 ft 3 in., siltstone, as above,

2 ft 7 in., claystone, medium-light-gray,
slightly silty in part, noncalcareous,
bentonitic; blocky to subconchoidal
fracture.

9 ft sandstone, light-gray, fine- to me-
dium-grained, salt and pepper, argil-
laceous, micaceous, noncalcareous; car-
bonaceous partings are common below
665 ft. At 661 ft an impermeable
sample has an effective porosity of
18.2 percent. Beds lie flat.

Recovered 20 ft: Microfossils absent.

19 ft 3 in., siltstone and very fine-grained
sandstone, light-gray, noncalcareous,
very bentonitic; with common biotite
flakes. At 672 ft and at 683 ft
effective porosity 17.3 and 11.7 per-
cent, respectively; both samples im-
permeable. Grades into unit below.

9 in,, claystone, light-gray, noncalcare-
ous, very bentonitic; biotite common.

Recovered 19 ft: Microfossils very rare.

10 ft 9 in,, claystone, interbedded with
siltstone and sandstone, as in core 12;
slightly to badly infilirated with
drilling mud.

3 ft 3 in., siltstone, light-gray, slightly
calcareous in part, bentonitic. Swirly
bedding, marked by irregular steeply

14

16

708-728

728-780
780-810

810-820
820-830

830-890
890942

942-960

960-980
980-1, 000

1, 000-1, 040

1, 040-1, 048

1, 048-1, 055
1, 055-1, 066

dipping clay streaks (and one clay
ironstone streak), is between 700-701
ft. Top of Seabee formation at 700 ft.

5 ft, claystone, medium-gray, noncal-

careous; interbedded with medium-
light-gray very argillaceous noncalcar-
eous bentonitic siltstone. Beds lie
flat.

Recovered 20 ft: Microfossils very rare.
Clay shale, medium- to medium-light-

gray, silty in part, noncalcareous,
bentonitic in part; rare medium-light-
gray silty streaks and laminae; poor
shaly cleavage. Thin beds of sandy
silt at 715-16 ft. Rare flakes of car-
bonized plants. Small round or oval
patches (one-sixteenth inch in diam-
eter) of medium-light-gray clay on
light-gray silty claystone are common
in some parts of core. Laminae of
grayish-white bentonite rare. Beds
fie flat.

Clay shale, medium- to medium-light-gray.

Clay shale, medium-gray; some medium-
light-gray siltstone; white bentonite at
790-800 ft.

Clay shale, medium-gray.

Clay shale, with small amount medium-
light-gray slightly calcareous sandstone.

Clay shale, medium-gray, bentonitic.

Clay shale, as above; with some medium-
light-gray caleareous bentonitic siltstone.

Recovered 17 ft: Microfossils absent.
Claystone, medium- to medium-dark-

gray, silty, noncalcareous, very slightly
bentonitic; abundant laminae of me-
dium-light-gray siltstone and silty
claystone. Poor shaly cleavage in
upper part and at base of core. Silty
laminae lie flat; one irregular ¥-in.
streak of sandstone at 950 ft dips
approximately 20°.

Clay shale and bentonitic siltstone; minor
amount of bentonite in upper 10 ft.

Clay shale, bentonitic; small amount
bentonitic siltstone.

Clay shale, medium-gray, noncalcareous,
slightly bentonitic; trace of siltstone in
bottom 10 ft.

Sandstone, light-gray, fine-grained, salt
and pepper, calcareous.

No sample.

Recovered 10 ft: Microfossils absent.

5 in., sandstone, light-gray, fine-grained,

noncalcareous, slightly bentonitic.

3 in., claystone, with silt laminae as in

core 15.

4 in., sandstone, as above; 14~ by 2-in.

clay ironstone nodule at top.
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Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

17

18

1, 066-1, 085

1, 085-1, 087

1, 087-1, 090
1, 090-1, 100

1, 100-1, 130

2

1 ft 9 in., claystone, medium-light- gray
noncaleareous, slightly bentonitic; with
a %-in. bed of clay ironstone 2 in.
above base, and a 2%-in. sandy clay-
stone bed with abundant carbonaceous
partings at base.

1 ft 5 in., sandstone, light-gray, fine-
grained, argillaceous, noncalcareous,
bentonitic; composed of angular to
subangular clear and white quartz
grains with gray and dark rock and
chert fragments; biotite is common.

10 in., claystone, with silt streaks as
above.

5 ft, sandstone, as above; but very cal-
careous and slightly lighter in color
from 1,063-1,065 ft. At 1,063 ft
effective porosity 15.4 percent, air
permeability 12 millidareys, carbonate
content percent by weight 10.70.

Recovered 19 ft: Microfossils absent.

3 ft, sandstone, as at base of core 16;
becomes less caleareous with depth.
At 1,067 ft effective porosity 1.6 per-
cent, carbonate content 47.1 percent
by weight, rock is impermeable.

12 ft, sandstone, as above; numerous 1-
and 2-in. claystone beds (as in core
16) which make up approximately 20
percent of the interval; one claystone
bed at 1,073 ft is 8 in. thick. At
1,077 ft clay laminae and carbona-
ceous partings dip 20° to 22°, and some
clay streaks indicate swirly bedding.
An angular 2-in. fragment of clay-
stone, which has slightly silty lami-
nae, and a thin bed of clay ironstone
are at top of swirly bedding, embedded
in sandstone.

4 ft, claystone, as in core 16 above;
laminae and thin (2 to 3 in.) beds of
silt and very fine-grained sandstone
totaling 10 percent of the rock; rare
carbonaceous partings in sandstone.
Beds lie flat.

Recovered 2 ft: Microfossils absent.
Claystone, with laminae of silt and sand-

stone as at base of core 17; a 1-in. in-
terval of rock at 1,086 ft is approxi-
mately 50 percent clay shale and 50
percent coaly flakes. Beds lie flat.

No sample.

Clay shale, slightly bentonitic; and ben-
tonitic siltstone with abundant biotite
flakes.

Clay shale, medium-light-gray, very slight-
ly bentonitic; a minor amount of white
bentonite and light-gray argillaceous
bentonite.

19

20

21

1, 130-1, 140

1, 140-1, 150

1, 150-1, 160
1, 160-1, 200

1, 200-1, 210

1, 210-1, 240
1, 240-1, 250

1, 250-1, 280

1, 2801, 286
1, 286-1, 306

1, 306-1, 430

1, 430-1, 451

1, 451-1, 468

1, 468-1, 478

1, 4781, 480
1, 480-1, 490

1, 490-1, 510
1, 510-1, 520

1, 520-1, 550

Clay shale, medium-light-gray; a small
amount of medium-~dark-gray clay shale.

Clay shale, medium-dark-gray; a small
amount of medium-light-gray clay shale;
rare microscopic collophane? balls.

Clay shale, medium-dark-gray; a small
amount of medium-gray siltstone.

Clay shale, medium-dark-gray, slightly
silty, slightly micaceous, as in core 19.
Clay shale; a small amount of white ben-
tonite and some bentonitic slightly cal-
careous siltstone (contamination from

above?).

Clay shale, medium-dark-gray.

Siltstone, medium-light-gray, noncaleare-
ous, slightly bentonitiec.

Clay shale, medium-dark-gray, nonben-
tonitic. Microscopic collophane? balls
are rare at 1,260-1,270 ft.

No sample.

Recovered 4 ft: Microfossils abundant.
Clay shale, medium-dark-gray, slightly

micaceous, noncaleareous; abundant
discontinuous laminae of medium-
light-gray siltstone. Beds lie flat.

Clay shale, medium-dark-gray, as in core
19 above; a small amount of siltstone at
1,310-1,320 and 1,420-1,430 ft, and a
trace of bentonite at 1,400-1,420 ft.

Siltstone, olive-gray, sandy, slightly cal-
careous; a small amount of clay shale.

Recovered 7 ft: Microfossils abundant,.

5 ft 7 in., clay shale, medium-dark-gray,
slightly silty, noncalcareous; poor
shaly cleavage; silty laminae in lower
part, and 2 in. of caleareous claystone
at base.

10 in,, siltstone, medium-light-gray, ar-
gillaceous, crossbedded, very calcare-
ous; rare clay laminae.

5 in., clay shale, as above.

2 in., siltstone, as above.

Recovered 13 ft (including 3 ft from core

20): Microfossils abundant.

Clay shale, medium-dark-gray, slightly
silty and micaceous; abundant thin
(1 to 21in.) beds of calecareous medium-
to medium-dark-gray siltstone, and a
few Y-in. streaks of clay ironstone.
The silt totals 25 percent of the rock.
The beds have fair shaly cleavage
and lie flat.

No sample.

Siltstone, medium-gray, argillaceous; and
medium-dark-gray claystone.

Clay shale, medium-dark-gray.

Siltstone, light-olive-gray, noncalcareous;
trace of clay shale.

Clay shale, with trace of siltstone in upper
10 ft.
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Oore

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

22

23

24

25

1, 550-1, 570
1, 570-1, 590
1, 5901, 610
1, 610-1, 620
1, 620-1, 630

1, 630-1, 637

1, 637-1, 657

1,657-1, 675

1, 675-1, 695

1,695-1,715

Clay shale, with some siltstone.

Clay shale.

Clay shale and siltstone.

Clay shale, with small amount of siltstone.

Clay shale, with some light-gray fine-
grained salt and pepper argillaceous cal-
careous nonbentonitie sandstone.

Sandstone, as above; with trace of shale
and siltstone.

Recovered 12 ft: Microfossils absent.

Sandstone, light-gray, fine-grained, silty,
nonealcareous, slightly bentonitic; poor
shaly cleavage. Sand is composed of
angular to subangular white and clear
quartz, with a small amount of gray
chert and dark rock fragments. At
1,646 ft effective porosity 18.7 percent,
air permeability 20 millidareys, and
carbonate content 13.73 percent by
weight. Mica is rare, pyrite and
glauconite are absent. A 1-ft 9-in.
section 4 ft above the base of the in-

_ terval is slightly coarser, somewhat
lighter in color, and calcareous. Beds
lie flat.

Recovered 20 ft (including 2 ft of core 22):
Microfossils absent.

Sandstone, as above, but massive,
glightly to very calcareous in part;
rare carbonaceous partings in the
lower half of the core. Pale-straw-
colored cut and very pale-yellow
residue in CCL at 1,662 ft. At 1,662
effective porosity 11.6 percent, car-
bonate content 15.68 percent by
weight, and rock is impermeable; at
1,671 ft porosity 10.3 percent, air
permeability <1 millidarecy, and
carbonate content 13.45 percent by
weight.

Recovered 20 ft: Microfossils absent.

Sandstone, as in core 22, slightly to very
caleareous; slightly coarser (fine- to
medium-grained) below 1,686 ft.
Beds lie flat. Inoceramus shell frag-
ments abundant in a 2-in. interval
at the base of the finer sand at 1,686
ft; at 1,685 ft effective porosity 18.3
percent, air permeability 28 milli-
darcys, and carbonate content 5.85
percent by weight; at 1,687 ft po-
rosity 20.4 percent, permeability 30
millidareys.

Recovered 19 ft: Microfossils very rare.

12 ft 8 in., sandstone, light- to medium-
light-gray, fine-grained, slightly argil-
laceous, slightly calcareous in part,
nonbentonitic. Sandstone is massive
except for carbonaceous limonitie
very bentonitic laminae which are

26

27

1, 715-1, 735

1, 735-1, 755

abundant between 1,697-1,698 ft,
and dip 7° or less. Sand is composed
of angular to subangular grains of
clear and white quartz with a minor
amount of gray chert and dark rock
fragments. Biotite, muscovite, and
chlorite are rare. Inoceramus shell
fragments as large as 1 in. in diameter,
deposited parallel to bedding planes,
are scattered throughout. Pale-
straw-colored cut, and very pale-
yellow residue in CCl at 1,702 ft.
At 1,699 ft effective porosity 18.8
percent and air permeability 43 milli-
darcys. At 1,706 ft porosity 20,2 per-
cent, permeability <1 millidarey.

7 in., claystone, medium-gray, silty,
micaceous, noncalecareous; intercala-
tions of silt and very fine-grained sand-
stone. Poor shaly cleavage; dips 3°
or less.

3 ft, sandstone, medium-light-gray, very
fine-grained, argillaceous, moderately
calcareous; laminae of medium-gray
clay shale. A clay ironstone bed one-
half inch thick is at 1,710 ft.

2 ft 9 in., claystone, as above.

Recovered 20 ft: Microfossils absent,

6 in., claystone, medium-gray,
caleareous, bentonitic.

19 ft 6 in., sandstone, light-olive-gray
(grades to light gray with depth) fine-
grained (very fine grained near base
of core), slightly to very argillaceous,
slightly to moderately -calcareous.
Sand grains are angular to subangular
white and clear quartz with gray and
dark rock fragments and rare mica.
Carbonaceous laminae are abundant
in a 2-in. interval 6 in. below the top
of the sandstone and in 1-in. intervals
at 1,729 and 1,731 ft. A group of
oval clay ironstone nodules ¥ to 1 in.
in diameter is at 1,732 ft and one 2-in.
nodule at 1,733 ft. Pale-straw col-
ored cut, very pale-yellow residuein
CClL at 1,716 ft; no cut but similar
residue at 1,733 ft. At 1,723 ft effec-
tive porosity 17.9 percent, air per-
meability 37 millidarcys, and carbon-
ate content 12.84 percent; at 1,733 ft
effective porosity 16.1 percent, air
permeability 14 millidarcys, and car-
bonate content 17.5 percent.

Recovered 12 ft 6 in: Microfossils absent.

5 ft 4 in., sandstone, medium-light-gray,
very fine-grained, argillaceous, slightly
calcareous in part. At 1,740 ft effec-
tive porosity 13.3 percent, air permea-
bility <1 millidarey.

non-
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Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

28
29

30

1, 755-1, 775
1,775-1,776

1,776-1, 810

1, 810-1, 818

1,818-1, 825

2 ft 2 in., clay shale, medium-gray, very
slightly micaceous; medium-light-gray
laminae of very argillaceous silt.
Beds lie flat.

1 ft 1 in., siltstone, medium-light-gray,
very argillaceous, micaceous, noncal-
careous.

7 in., clay shale, as above.

1 £t 9 in., sandstone, as above; but with
abundant crossbedded silt laminae.

1 ft 7 in., clay shale, interbedded with
siltstone.

No recovery.

Recovered 19 ft (including 18 ft from core
28): Microfossils common.

5 ft 3 in., clay shale, interbedded with
siltstone, as in core 27.

2 ft 7 in., claystone, medium-gray, silty,
noncalcareous; grades downward to
medium-light-gray slightly calcareous
siltstone which grades downward to
very fine-grained medium-light-gray
calcareous sandstone; the rock types
are approximately equal in thickness.
A Y%-in. bed of medium-grained sand-
stone marks the base of the interval.

3 ft, claystone, medium-dark-gray, very-
to slightly silty, micaceous, noncal-
careous.

3 ft 2 in., siltstone, medium-gray, argil-
laceous, slightly calcareous siltstone
interbedded with medium-dark-gray
claystone.

10 in., siltstone, medium-light-gray,
slightly sandy, very argillaceous, slight-
ly calcareous; mottled streaks of very
calcareous siltstone that resemble
swirly bedding.

4 ft 2 in., claystone, medium-dark-gray,
very slightly silty, noncalcareous;
laminae of calcareous medium-light-
gray siltstone.

Clay shale, medium-dark-gray; trace of
siltstone.

Sandstone, fine-grained; coaly intercala-
tions; small amount clay shale and trace
of bentonite.

Recovered 7 ft: Microfossils very rare.

1 ft 9 in., sandstone, light-gray, fine-
grained, slightly argillaceous, very
calcareous; composed of angular to
subangular clear and white quartz
with a small amount of gray chert and
dark rock fragments. Mica is very
rare. Poor shaly cleavage indicates
that the beds are approximately flat
lying.

5 ft 3 in., claystone, medium-dark-gray,
slightly micaceous, noncalcareous;
common laminae of medium-light-gray

31

32

33

1, 825-1, 841

1, 841-1, 858

1, 858-1, 878

1, 878-1, 896

calecareous siltstone lie essentially
flat. Rare ¥%- to 1-in. clay iron-
stone beds.

Clay shale, with some light-bluish-gray
bentonite, and a small amount of sand-
stone.

Recovered 17 ft: Microfossils absent.

2 ft 3 in., sandstone, very light-gray,
fine-grained, very calcareous; Inocera-
mus fragments usually less than one-
half inch in diameter are abundant.

6 ft., sandstone, as in core 30; Inoceramus
fragments (as much as 1% in. in di-
ameter) abundant in 1% in. intervals at
1,844 and 1,849 ft, and a 1%-in. bed
of yellowish-brown clay with abundant
plant impressions and carbonaceous
flakes at 1,847 ft. No cut, very pale-
yellow residue in CClg at 1,845 ft. At
1,845 ft effective porosity 17 per-
cent, carbonate content 20.85 percent
by weight. Grades into unit below.

8 ft 9 in., sandstone, light-gray, very
fine- to fine-grained, argillaceous, cal-
careous; poor shaly cleavage, and rare
slightly crossbedded carbonaceous
partings. Inoceramus fragments are
common in the upper 3 ft. At 1,854
ft effective porosity 13.5 percent, air
permeability <1 millidarcy.

Recovered 20 ft: Microfossils absent.
Sandstone, as in the lower half of core

31 but lacking carbonaceous partings.
Fair shaly cleavage indicates that beds
are flat lying. Sand grains are angu-
lar to subangular, composed of clear
and white quartz with some gray and
dark rock fragments. Mica is very
rare. No cut or residue was noted in
CCls at 1,873 ft. At 1,863 ft effective
porosity 17.4 percent, at 1,873 ft ef-
fective porosity 16.4 percent, and air
permeability 17 millidarcys.

Recovered 18 ft: Microfossils very abun-

dant.

4 ft 6 in., sandstone, medium-light-gray,
very fine- to fine-grained, slightly ar-
gillaceous, moderately calcareous;
composed of angular to subangular
grains of clear and white quartz with
a minor amount of gray and dark rock
fragments. Mica is rare. Poor shaly
cleavage indicates that beds lie flat.
At 1,880 ft effective porosity 17.9 per-
cent, carbonate content 6.97 percent
by weight.

7 in., claystone, light-olive-gray, non-
calcareous.

2 in., claystone, medium-gray, noneal-
careous, very silty.
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Depth (feet)
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34

35

1, 896-1, 897
1, 897-1, 910

1,910-1, 915
1, 9151, 920

1, 9201, 940

7 in., siltstone, medium-light-gray, very
argillaceous, noncalcareous, cross-
bedded.

1 in., clay ironstone, yellow-gray, very
slightly calcareous.

% in., siltstone, as above; with rare
rounded black chert pebbles (one-
quarter inch in diameter) at base.

14 in., conglomerate of black chert peb-
bles, one-eighth to one-quarter inch
in diameter; well rounded pebbles with
sandy silt matrix.

6 ft 7 in., clay shale,dark-gray, slightly
silty in part, slightly micaceous, non-
calcareous; fair shaly cleavage. The
top of the Ninuluk and Chandler for-
mations, undifferentiated, at 1,885 ft.

5 ft 5 in., sandstone, medium-light-gray,
very fine- to fine-grained, silty, argil-
laceous, micaceous, slightly caleare-
ous; a few laminae and partings of
clay shale and carbonaceous material.
Rare thin (2 in. or less) beds of clay
shale.

No sample.

Sandstone, as in cores above; about 5 ft of
clay shale.

No sample.

Recovered 5 ft 6 in: Microfossils absent.

3 ft 5 in., sandstone, fine- to medium-
grained, salt and pepper, silty and
argillaceous, very calcareous, com-
posed of subangular to subround clear
and white quartz grains, and gray and
dark rock grains. At 1,916 ft effective
porosity 17.5 percent.

6 in., sandstone interbedded with silt-
stone and claystone, with a few car-
bonaceous laminae.

8 in., clay shale, medium-dark-gray; a
few silty micaceous laminae. Very
poor shaly cleavage.

11 in. siltstone, medium- to medium-
light-gray, very calcareous; sandy
streaks indicates some crossbedding.

Recovered 18 ft: Microfossils very rare.

7 in., siltstone, slightly sandy, as at base
of core 34.

2 ft 7 in., sandstone, light-gray, fine-
grained, very calcareous, massive.
Grades into unit below.

4 ft 10 in., sandstone, medium-gray,
medium- to fine-grained, very calca-
reous; fair shaly cleavage; some car-
bonaceous partings in upper foot.
Beds lie flat. At 1,927 ft effective
porosity 13.6 percent, air permea-
ability 1.35 millidarcys, and carbonate
content 15.10 percent by weight.

36

37

1, 940-1, 949

1, 949-1, 960
1, 960-1, 980

1, 980-1, 990
1, 990-2, 000

2, 000-2, 020

2, 020-2, 035

3 ft 10in., claystone, medium to medium-
dark-gray, slightly to very silty, cal-
careous. A 1l-in. streak of fine-grained
sandstone with carbonaceous partings
is at 1,929 ft.

1 ft 2 in., sandstone, light-gray, fine-
grained, very calcareous; poor shaly
cleavage; scattered carbonaceous part-
ings. A %-in. section 8 in, below the
top of the interval contains abundant
disc-shaped rounded fragments of me-
dium-dark-gray shale, ¥ to 1 in. in
diameter; very rare scattered rounded
shale fragments are also present in a
6-in. interval below the intraforma-
tional conglomerate.

2 ft 5 in., claystone, as above, silty.
Grades into unit below.

4 in., sandstone, light-gray, very fine-
grained, very silty, calcareous; slight
cross-bedding.

5 in., claystone, as above.

1 ft 10 in., sandstone, as above; grades to
fine-grained sandstone. At 1,937 ft
effective porosity 11.1 percent, car-
bonate content 24.8 percent by weight,
and rock is impermeable.

Recovered 7 ft: Microfossils very rare.

2 ft 10 in., claystone, medium-dark-gray,
slightly calcareous; with streaks of
medium-gray slightly silty clay having
swirly bedding. A 4-in. interval of
cross-bedded medium-light-gray cal-
careous siltstone is a foot below the
top of the interval.

2 ft, sandstone, medium-light-gray, very
fine-grained, very silty and argillace-
ous, slightly calcareous; fine crossbed-
ding shown by slightly darker, siltier
layers.

2 ft 2 in., claystone, medium-dark-gray;
with abundant lenses and thin irregu-
lar discontinuous beds of medium-gray
sandy siltstone.

Clay shale, with some siltstone.

Clay shale, with a small amount of silt-
stone and sandstone.

Clay shale, with bluish-gray bentonite.

Clay shale, with a trace of sandstone and
bentonite.

Siltstone and clay shale, medium-dark-
gray, noncalcareous.

Recovered 14 ft: Microfossils absent.

1 ft 2 in., sandstone, medium-light-gray,
fine-grained, very silty, noncaleareous;
common carbonaceous partings and
laminae showing cross bedding. Grades
into unit below.
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3 ft 4 in., claystone, medium-dark-gray, | ----| 2, 2502, 260 | Sandstone, as above; with some siltstone
silty, micaceous, noncalcareous. Ir- and clay shale.
regular laminae of sandstone and silt- | -...| 2, 260-2, 270 | Siltstone, clay shale, and sandstone.
stone are present in the lower two- | ....| 2,270-2, 280 | Sandstone, very fine- to fine-grained, salt
thirds of the interval. and pepper, slightly calcareous in part;

5 ft 3 in., sandstone, interlaminated with a minor amount of clay shale and silt-
light- to medium-gray calcareous silt- stone. One piece of siltstone has very
stone and silty clay shale. fine carbonaceous partings.

9 in., claystone, medium-dark-gray, | --__| 2, 280-2, 330 | Clay shale, with siltstone and sandstone.
slightly silty, noncalcareous; scattered | --.__| 2, 330-2, 340 | Sandstone, with some clay shale and silt-
carbonaceous plant fragments. stone.

1 ft 9 in., claystone, as above; with thin 40 | 2, 340-2, 347 | Recovered 7 ft: Microfossils rare.
beds and laminae of black shiny coal Claystone, medium-gray, silty in upper
with shaly cleavage. part, slightly micaceous, nonealcar-

1 ft 9 in,, claystone, as above. eous. Fragmental carbonized plant

2, 035-2, 056 | No sample. remains are common. Small clay
38 | 2,056-2, 065 | Recovered 9 ft 6 in: Microfossils absent. ironstone nodules are abundant at

8 ft 8 in., claystone, as at base of core 37; 2,340-2,341 ft. Pelecypod shell frag-
with 1 ft of very silty claystone a foot ment at 2,344 ft identified by Ralph
above the base of the interval. W. Imlay as Lingula sp.; Roland W.

10 in., clay shale, black, carbonaceous; Brown identified a fragment of the
coaly laminae. plant Cephalotazopsis intermedia Hol-

2, 065-2, 070 | Clay shale, with a small amount of silt- lick from 2,346 ft.
stone. __...] 2,847-2, 360 | Clay shale, with some sandstone and trace
----| 2,070-2,080 | Clay shale. of siltstone.
----| 2,080-2,100 | Clay shale, with some medium-light-gray | ._...| 2, 360-2, 370 | No sample.
very fine-grained calcareous sandstone. _-_-| 2,370-2,390 | Clay shale, with fine-grained hard sand-
----| 2,100-2, 130 | Clay shale, with a small amount of silt- stone and siltstone.

stone. ———-| 2,390-2, 400 | No sample.

——--| 2,130-2, 140 | Clay shale, with a small amount of sand- | ____| 2, 400-2, 410 | Clay shale, fine-grained sandstone and
stone and a trace of siltstone. siltstone.

——--| 2,140-2, 150 | Clay shale. ——--| 2,410-2, 430 | No sample.

—=--| 2,150-2, 160 | No sample. ——--| 2,430-2, 440 | Clay shale, with fine-grained sandstone, a

ce--| 2,160-2,199 | Clay shale, sandstone, and siltstone; trace of siltstone, and clay ironstone.
samples are poor and contain a large | _._.| 2, 440-2, 450 | No sample.

amount of recirculated material. .| 2,450-2, 460 | Sandstone, fine-grained; with eclay shale

39 | 2, 199-2, 207 | Recovered 8 ft: Microfossils absent. and a trace of siltstone.

5 ft 3 in., sandstone, very light-gray, | .._.| 2,460-2, 470 | Clay shale, with a minor amount of silt-
very fine- to fine-grained, argillaceous, stone, and sandstone.
micaceous, slightly calcareous; grades | ____| 2, 470-2, 480 | Siltstone, and clay shale. The top of the
to very fine-grained very silty sand- Grandstand formation is at 2,475 ft.
stone at base. Slightly darker, | ____| 2, 480-2, 490 | Clay shale.
slightly carbonaceous partings are | -.__| 2,490-2, 493 | No sample.
crossbedded. At 2,200 ft effective 41 | 2, 493-2, 505 | Recovered 10 ft: Miecrofossils abundant.
porosity 3.5 percent, carbonate con- 2 ft 3 in., clay shale, medium-dark-gray,
tent 25.8 percent by weight, and rock slightly micaceous, noncalcareous;
is impermeable. poor shaly cleavage. A pelecypeod

2 ft 9 in., siltstone, medium-light-gray, (Thracia sp. identified by Ralph W.
nonecalcareous; medium-gray clay shale Imlay) found at 2,494 ft. Beds lie
laminae increase from absent at top to flat. The rock grades into unit below.
about two-thirds of the rock at the 4 ft 8 in.,, clay shale, medium-gray,
base of the section. interlaminated with medium-light-

—---| 2,207-2, 220 | Sandstone, as in core 39; some clay shale gray noncalcareous crossbedded silty
and siltstone, and a minor amount of shale; with a minor amount of sand-
clay ironstone. stone in lower part.

----| 2,220-2,230 | Clay shale, with traces of siltstone and 3 ft 1 in., clay shale, as above; with rare
sandstone. small lenticles of medium-light-gray

—---| 2,230-2, 240 | Sandstone, light-gray, fine-grained, non- siltstone.
caleareous. ——--| 2,505-2, 510 | Sandstone, with some eclay shale, and a

----1 2,240-2, 250 | Sandstone, siltstone, and clay shale. trace of siltstone.

466290—59——3
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—---| 2,510-2, 530 | Clay shale, with a small amount of silt- | ____| 2, 880-2, 900 | Sandstone, very fine- to fine-grained; some
stone. clay shale.
—---| 2, 530~2, 540 | Clay shale; some sandstone indicated by | __._.| 2,900-2, 910 | Clay shale, with some siltstone, and a trace
electric log. of sandstone.
—---| 2,540-2, 560 | Clay shale, with a small amount of sand- | ____| 2,910-2, 940 | Clay shale, with some sandstone, and a
stone and siltstone. trace of siltstone.
----| 2,560-2, 570 | Clay shale, sandstone, and siltstone. eee| 2,940-2, 950 | Sandstone, with some clay shale, and a
w---| 2,570-2, 600 | Clay shale, with a small amount of sand- trace of siltstone.
stone and siltstone. ——--] 2,950-2,970 | Clay shale, medium-dark-gray, silty; also
wu--| 2,600-2, 610 | Clay shale, sandstone, and siltstone. siltstone and sandstone; one piece of clay
-e--| 2,610-2, 620 | Clay shale, with a minor amount of sand- shale has a ¥-in. laminae of sandstone.
stone. ——--| 2,970-3,020 | Sandstone, light-gray, fine-grained, argilila-
—e--| 2,620-2, 630 | Sandstone, with a trace of clay shale. ceous, noncaleareous, friable; streaks of
The electric log indicates clay shale for clay shale in upper part; very fine-
this interval. grained noncalcareous harder more argil-
-e--| 2,630-2, 670 | Clay shale, with siltstone, and sandstone. laceous sandstone in lower 10 ft.
Samples are poor, as they contain a large | -=-- 38, 020-3, 027 Sandgtoixll:, tzi above, with some clay shale
mount of recirculated material, and siistone.
amount of reaireuated masera 44 | 3,027-3,047 | Recovered 20 ft: Microfossils absent.
42 | 2,670-2, 683 | Recovered 12 ft: Microfossils absent. . .
5 £t 6 1 dst dium-light Sandstone, light-gray, fine-grained, very
In., sandstone, medium-Lgni-gray, slightly silty; slightly to moderately
very .ﬁfe'gll'?'lﬁe;i ’ V?ry argl'llace?ius calcareous; grains are composed of
:m{i:ﬂ Y, 8 1gd b g bca care;l}lls, gril o8 angular to subangular clear and white
0 fine grained ab base. € sand 18 quartz, commonly frosted, with rare
con_xposed of angular !',o subangul.ar dark rock grains; mica, pyrite, and
grains of clear quartz with some white glauconite are absent. The sandstone
quar:sz. and gray and d’gk roc;)k dfsr ag; is massive; a few bedding-plane breaks
ments; mica 1S rare. uare becs o suggest that the beds are flat lying.
claystone % to 3 in. thick total less No ol odor was noticed on fresh
than' 10 percent of the roqk. Cross- breaks; a very pale straw colored cut
bedding, carbona_ceous partings, a13d 2 and a very pale-yellow residue were
gerzpsr’;t‘it"’ay fronstone concretions obtained in CCle from 3,030 ft; a
X : . sample from 3,040 ft gave no cut and
61t 6 1;11" claystf)net,) medlllm'xé-c}afrk-%rayt only a faint greasy stain as residue.
noncalcareous; subconchoi 2‘1, rac }n‘e, A Dbrownish-yellow calcareous clay
poor shaly cleavage; rare silt laminae ironstone nodule at least as large as
scattered throughout. the diameter of the core, and 1 in.
-e--| 2,683-2,780 | Clay shale, sandstone, and siltstone; thick is at 3,041 ft; a smaller (4 x 2.x
samp}es are poor, as in the interval of 1in.), yellowish-brown noncaleareous
rock immediately above core 42. nodule at 3,045 ft.. The long axes of
-e--] 2,780-2,820 | Clay shale, with a small amount of very the nodules are about horizontal;
fine-grained sandstone in lower 10 ft. their contacts with the surrounding
Samples are poor through this interval. sandstone are sharp.
The electric log indicates a sandstone
- from 2’800—2'830'&' Effective | Air permeability
-—--| 2,820-2, 830 | Sandstone, fine-grained. Depth 1 (feet) org:% (millidarcys)
----| 2,830-2,840 | No sample. Per
43 | 2, 840-2, 853 | Recovered 12 ft: Microfossils abundant. o | <
Claystone, medium-dark-gray, noncal- 12.52 | 3.58.
careous; irregular fracture. Two 1-ft 12.7 | No plug
intervals at 2,842 and 2,851 ft contain 12‘8 Z;fé
abundant intercalations of silt and 132 No iolug
many carbonaceous partings. Light- 12.94 | 1.7.
reddish-brown ironstone concretions 15.2 | 35.0.
are common from 2,842-2,845 ft. ﬁ-g ‘1‘-‘;'
----| 2,853-2,860 | Siltstone, with some sandstone and clay B
shale. ) ) 1 The content of carbonate minerals at 3,030 ft is 8.95
----| 2,860-2,880 | Clay shale, with sandstone in the upper percent by welght, and at 3,040 ft s 6.04 percent. The

10 ft and siltstone in the lower 10 ft.

other depths were not tested.
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45 | 3,047-3,066 | Recovered 19 ft: Microfossils absent. 47 | 3,189-3,205 | No recovery. Some of the core from this

Sandstone, as above, with rare scattered
small irregular patches of medium-
dark-gray clay shale and a few frag-
ments of earbonaceous plant remains.
A 3-in. crossbedded interval at 3,057
ft has laminae that dip as much as 27°,
A 3-in. bed of medium-gray very cal-
careous clay shale with intercalations
of fine-grained sandstone is at 3,060
ft; it is underlain by a half-inch layer
of broken clay shale with the angular
fragments separated by small patches
of medium-grained sandstone. At
3,066 ft is a 2-in. section of inter-
laminated medium-light-gray siltstone
and medium-dark-gray clay shale,
with a few small (3 to 1 in.) lenses of
fine-grained very light-gray sandstone.
Samples from 3,050 and 3,062 ft
showed no cut but gave a very faint
greasy stain as residue in CCls. At
3,050 ft effective porosity 12.54 per-
cent, air permeability 4.7 millidareys,
and carbonate content 5.39 percent by
weight. At 3,062 ft effective porosity
6.22 percent, air permeability 6.75
millidareys, and carbonate content
8.78 percent.

48

3, 205-3, 211

interval was recovered with core 48.
Recovered 19 ft: Microfossils very abun-
dant.

3 ft, claystone, medium- to medium-
dark-gray, slightly to very silty, non-
caleareous; irregular intercalations
of medium-light-gray siltstone with
swirly bedding in the upper 2 ft.

2 ft 2 in., siltstone, medium-gray, sandy,
very argillaceous, noncalcareous; with
laminae that grade from medium
light to medium dark gray with
decrease and increase of clay. There
is a 2-in. bed of medium-dark-gray
claystone at 3,197 ft.

10 in., claystone, interbedded with
siltstone, as above.

5 ft, claystone, medium-dark-gray; some
streaks and thin (% in. or less) len-
ticular beds of medium-light-gray
siltstone. Grades into unit below.

3 ft 6 in., claystone, interbedded with
siltstone, as above; some siltstone has
dark-gray argillaceous carbonaceous
partings.

1 ft, siltstone, medium-light-gray, sandy,
very  argillaceous, noncalcareous,
slightly crossbedded, massive.

----| 3,066-3, 087 | Sandstone, very fine- to fine-grained; 3 ft 6 in., claystone, as above.
some clay shale, and a trace of siltstone, we--] 3,211-3,220 | Clay shale, with some siltstone.
46 | 3,087-3,103 | Recovered 10 ft: Miecrofossils absent. | ____{ 3, 220-3, 239 | Sandstone, and clay shale with a trace of
Sandstone, very fine- to fine-grained, siltstone. '
light- to medium-light-gray, slightly 49 | 3,239-3, 259 | Recovered 20 ft: Microfossils absent.

3, 103-3, 120

3, 1203, 140
3, 140-3, 150
3, 150-3, 180

3, 180-3, 189

calcareous in part. It is massive and
breaks irregularly in spite of a faintly
laminated appearance. A sample from
3,090 ft showed no cut and a very faint
greasy stain as residue in CCla. At
3,090 ft effective porosity 8.68 percent,
air permeability <1 millidarey, and
carbonate content 9.76 percent by
weight. A mollusk shell fragment at
3,091 ft.

Clay shale and sandstone, very fine-
grained; one piece of shale is calcareous.
Samples are poor.

Clay shale, silty; with a small amount of
siltstone and a trace of sandstone.

Clay shale and sandstone, with a small
amount of siltstone.

Clay shale, with a small amount of sand-
stone, and a trace of siltstone.

Sandstone, medium-light-gray, very fine-
to fine-grained; with a minor amount
of clay shale.

Sandstone, medium-light-gray, very fine-
grained, silty, argillaceous, noncal-
careous, massive. Sand grains are
angular to subangular clear and white
quartz, commonly frosted; many are
yellowish., Dark rock fragments are
rare; mica, pyrite and glauconite are
absent. A few crossbedded carbona-
ceous laminae at 3,240 ft dip 12°; at
3,258 ft a few carbonaceous laminae
are flat lying. A few fragments (¥4 to
% in. in diameter) and patehes of
medium-dark-gray clay shale are
present in the sandstone at 3,271 ft.
A pale straw-colored cut and a pale-
yellow residue in CCls were at 3,240
ft; no eut and very faint greasy stain
were recorded at 3,251 ft. At 3,240 ft
effective porosity 8.38 percent, and
air permeability <1 millidarey; at
3,251 ft effective porosity 9.68 pereent,
but the rock is impermeable.
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50 | 3, 259-3, 279 | Recovered 20 ft: Microfossils absent. ous, massive. Sand grains are angular
Sandstone, as above; a group of grayish- to subangular, usually with frosted
brown noncalcareous clay ironstone surfaces, and are composed of clear
nodules at 3,276 ft are ¥4 to 1 in. in quartz with some white quartz and dark
diameter, well-rounded, and have rock fragments. Mica and pyrite are
sharp contacts with the surrounding absent. At 3,487 ft the effective
sandstone. Samples from 3,263 and porosity 10.7 percent, and rock is im-
3,277 ft showed no cut and a very permeable.
faint greasy stain in CClL. At 3,263 53 | 3, 503-3, 510 | Recovered 20 ft (including 13 ft of core 52):
and 3,277 ft effective porosity 7.9 and Microfossils absent.
8.8 percent, respectively; both rocks 7 ft, sandstone, as in core 52 above;
are impermeable. but moderately calcareous. At 3,497
——--| 3,279-3,290 | Sandstone, with clay shale. ft effective porosity 8.5 percent, rock
----| 3,290-3, 310 | Sandstone, medium-light-gray, very fine- is impermeable.
grained, argillaceous, noncalcareous; 3 ft, sandstone, as above, noncalcareous;
with a minor amount clay shale in the with thin (4 to 2 in.) beds of medium-
bottom 10 ft. dark-gray micaceous claystone totaling
----| 3,310-3,320 | Clay shale, with a minor amount of sand- 10 percent of the section. Some of the
stone, and a trace of siltstone. faint laminae in the sandstone are
----| 3,320-3,330 | Sandstone and siltstone, with a minor slightly crossbedded.
amount of clay shale. 10 ft, sandstone, as in top of core; moder-
----| 3,330-3,380 | Clay shale and sandstone, medium-gray, ately calcareous in part, massive. At
very fine-grained, argillaceous, non- 3,503 ft effective porosity 4.4 percent,
calcareous, hard; and siltstone. rock is impermeable.
—---| 3,380-3,440 | Clay shale, very silty in lower part; with | 54 | 3,510-3, 518 | Recoverd 8 ft: Microfossils rare.
a small amount of siltstone. Siltstone, medium-gray, faintly laminat-
----| 3,440-3,450 | Clay shale, with a minor amount of silt- ed; with a 3-in. section of medium-
stone and sandstone, light-gray, very dark-gray interlaminated siltstone and
fine- to fine-grained, salt and pepper, micaceous clay shale at 3,511 ft and
noncaleareous. two 3-in. beds of medium-dark-gray
----| 3,450-3,460 | Clay shale and sandstone, light-gray, very non-calcareous claystone at 3,512 ft.
fine-grained, noncalcareous. The clay-silt contacts are sharp and
----| 3,460-3,464 | No sample. flat lying. Siltstone grades to medium
51 | 3, 4643, 482 | Recovered 18 ft: Microfossils absent. dark gray, very caleareous toward base
2 ft, sandstone, medium-light-gray, fine- of core, with 37.15 percent carbonate
grained, argillaceous, very caleareous, content at 3,514 ft.
massive; composed of clear and white | ---_| 3, 518-3, 528 | No sample.
quartz grains that are angular to sub- | ----| 3, 528-3, 541 | Clay shale, with minor amount of sand-
angular and commonly frosted; dark stone.
rock fragments are rare; mica, pyrite 55 | 3,541-3, 561 | Recovered 20 ft: Microfossils absent.
and glauconite are absent. 11 ft 3 in., sandstone, medium-light-gray,
2 ft, sandstone, as above; but with very fine-grained, silty, argillaceous,
abundant medium-dark-gray carbona- massive; with faint laminae caused by
ceous and argillaceous laminae, dip- concentration of a small amount of
ping 5° or less. The sandstone carbonaceous material. Sand grains
coarsens with depth within this inter- are similar to those in core 52, but clear
val. or green mica flakes (muscovite and
7 ft, sandstone, as at the top of the core; chlorite?) are common. At 3,550 ft
but slightly calecareous in part. At effective porosity 9.7 percent, rock is
3,471 ft effective porosity 7.6 percent impermeable.
air permeability <1 millidarcy, and 8 ft 9 in., siltstone, as above; but with
carbonate content 10.67 percent by 5- to 8-in. intervals of interlaminated
weight. Grades into unit below. carbonaceous micaceous partings and
7 ft, sandstone, as above, but very fine- medium-light-gray siltstone, and %- to
grained. At 3,480 ft effective porosity 4-in. beds of medium-dark-gray clay
12.7 percent, rock is impermeable. shale which make up about a quarter of
52 | 3,482-3, 503 | Recovered 8 ft: Microfossils absent. the bed. At 3,557 ft the effective

Sandstone, medium-light-gray, very fine-
grained, argillaceous, silly, noncalcare-

porosity is 8.2 percent, and the rock
is impermeable.
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Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks
ww--| 3, 561-3, 590 | Sandstone, medium-light-gray, very fine- very slightly micaceous, noncalcar-
grained, very silty, argillaceous, non- eous, massive; composed of angular
calcareous; a small amount of clay shale. to subangular clear and white quartz
----| 3,590-3, 592 | No sample. with some dark rock f{ragments.
56 | 3, 592-3, 602 | Recovered 10 ft: Microfossils absent. Mica israre. The section from 3,712
5 ft 9 in,, siltstone, medium-light-gray, 3,714 ft is slightly darker, and at
sandy, slightly calcareous in part, 3,714 ft there is an irregular 1-in.
massive; 2-in. beds of medium-dark- layer of medium-dark-gray claystone,
gray noncalcareous claystone with con- with scattered fragments of claystone
choidal fracture at 3,596 and 3,597 immediately above and below it.
ft. At 3,596 ft the effective porosity Three ft of intercalated sandstone and
7.3 percent, and rock is impermeable. claystone is similar to the lower part
Pelecypod shell fragment at 3,597 ft of core 59. At 3,708 and 3,718 ft
was identified by Ralph W. Imlay as effective porosity 10.1 and 9.7 per-
Psilomya? sp. cent, respectively; both samples are
1 ft, claystone, medium-dark-gray, in- impermeable.
terbedded with medium-light-gray 58 | 3,727-3, 742 | Recovered 15 ft: Microfossils absent.
siltstone. Beds are % to 1 in. thick, 8 ft 3 in., sandstone, as above; at 3,730
usually with sharp contacts, some of ft effective porosity 8.9 percent, and
which resemble broad shallow ripple rock is impermeable.
marks. 7 in., claystone medium-dark-gray, slightly
1 ft 6 in., siltstone, as above; with a 1-in. micaceous; scattered specks of carbon-
claystone bed at 3,599 ft that contains aceous material.
sharp irregular intercalations of silt- 4 ft 6 in., sandstone, as above; but with
stone. The lower 5 in. has carbona- short intervals containing flat-lying
ceous argillaceous laminae. or crossbedded laminae. A few dise-
1 ft 3 in., claystone and siltstone, inter- shaped pebbles (4 to 1 in. in diameter)
bedded. Contacts are sharp but ir- of medium-dark-gray claystone are
regular, and many dip steeply; some 1 ft above the base of this bed.
fragments of clay shale are rounded 1 ft 8 in., claystone, medium-dark-gray,
and embedded in siltstone to form an very silty, noncalcareous; irregular
intraformational conglomerate. A 1- fracture.
in. nodule of mareasite is also present. 59 | 3, 742-3, 757 | Recovered 15 ft: Microfossils absent.
6 in., claystone, as above. 3 ft 6 in., sandstone, as in core 57; with
3, 602-3, 610 | Clay shale, with some sandstone and silt- a 1-in. layer of disk-shaped claystone
stone. pebbles 6 in. below top of core.
3, 610-3, 650 | Sandstone, with a trace of siltstone and Pelecypod shell fragment at 3,743
clay shale; grades downward to clay ft identified by Ralph W. Imlay as
shale with a trace of siltstone and Entolium sp.
sandstone. Electric log indicates clay 1 ft 6 in., claystone, medium-dark-gray,
shale in upper part. nonealeareous, in alternating 5— to 8-in.
3, 650-3, 670 | Clay shale, with a very small amount of beds; conchoidal fracture; and sand-
sandstone and some siltstone in upper stone as above. Small lenses and
10 ft. Echinoid spine at 3,660-3,670 pebbles of claystone are present at top
ft. of bed.
3, 670-3, 680 | Clay shale and siltstone, with a minor 5 ft, sandstone, as above; with a 10-in.
amount of sandstone. interval containing scattered inter-
3, 680-3, 690 | Clay shale, with a minor amount of sand- calations of claystone at 3,747-3,748
stone and siltstone; one piece of sand- ft and 7 in. of intercalated thin (ap-
stone is slightly calcareous. proximately one-quarter inch) irregu-
3, 690-3, 707 | Sandstone, medium-light-gray, very fine- lar beds of claystone and sandstone
grained, very silty and argillaceous, at 3,749 ft.
slightly calcareous in part; some silt- 4 ft, claystone, medium-dark-gray, in-
stone and clay shale. tercalated with medium-light-gray
57 | 3, 707-3, 727 | Recovered 17 ft: Microfossils absent. sandstone. The beds are % to 2 in

Sandstone, medium-light-gray, very fine-
grained, very argillaceous and silty,

thick; contacts are sharp and irregular.
6 in., sandstone, as above.



440

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1944-53

Lithologic description—Continued

Lithologic description—Continued

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

60

61

62

3, 757-3, 769

3, 769-3, 800

3, 800-3, 820
3, 820-3, 825
3, 825-3, 845

3, 845-3, 862

Recovered 12 ft: Microfossils absent.

2 ft 10 in., sandstone, very fine-grained,
as in core 57; but with carbonaceous
partings giving good shaly cleavage
and a slight laminated appearance in
lower part. Dip of laminae 5° or less.
Three- to five-in. intervals of clay-
stone total about one-fourth of the
rock.

1 ft 2 in., claystone, medium-dark-gray;
intercalations of medium-gray silt-
stone totalling one-third of the section.

10 in., claystone, medium-dark-gray,
grades downward to medium-gray
siltstone with faint slightly carbon-
aceous laminae. Grades into unit
below.

7 ft 2 in., sandstone, as at top of core;
with rare thin irregular layers of
claystone. Three-inch beds of clay-
stone are at 3,767 and 3,769 ft.
Pelecypod shell fragment at 3,765 ft.

Sandstone, as in core above; but with
rare pyrite and mica.

Sandstone, as above, and clay shale.

No sample.

Recovered 20 ft: Microfossils abundant.

6 ft 3 in., clay shale, medium-dark
gray, micaceous and silty, nonca-
careous; thin beds and irregula-
laminae (M6 to 2 in. thick) of mediumr
light-gray noncalcareous siltstone to-
taling 10 percent of the rock. Poor
shaly cleavage indicates beds lie flat.

13 ft 9 in., sandstone, medium-light-
gray, very fine-grained, silty, argil-
laceous, slightly calcareous in part,
massive. A 4-in. bed of medium-
dark-gray claystone at 3,836 ft is
underlain by a 10-in. sectionof fine-
grained sandstone. At the base of
this is a parting marked by a single
layer of % to 34 in. of light and dark
chert pebbles. There are a few small
(%4 to % in.) discs of medium-dark-
gray claystone marking 2 or 3 flat
bedding planes in a 2-inch interval at
3,840 ft. At 3,833 ft effective porosity
8.6 percent, and rock is impermeable.

Recovered 17 ft: Microfossils rare.

11 ft, sandstone, as above; fragments
very caleareous in upper 3 ft, slightly
calcareous below. At 3,849 and 3,856
ft effective porosity 8.9 and 9.6 per-
cent, respectively; both samples are
impermeable. Carbonate content
about 8 percent by weight in the
higher sample.

63

64

65

3, 862-3, 882

3, 882-3, 898

3, 898-3, 910

6 ft, sandstone, as above, very silty; but
with abundant intercalations and
scattered thin beds of medium-dark-
gray claystone which total one-third
of the rock. Clay-sand contacts are
sharp and some resemble ripple marks.
A few slightly carbonaceous micaceous
laminae are present near base of core,
dip 3° or less. Sand grains are angular
to subangular, composed of white and
clear quartz and abundant dark rock
fragments. Glauconite and pyrite are
absent. Ditrupa sp. fragments.

Recovered 19 ft: Microfossils absent.

3 ft, sandstone, with beds and inter-
calations of clay shale as above.

16 ft, sandstone, as in core 61, very
slightly calcareous in part. Fluores-
cence with a very pale-straw-colored
cut, and yellow residue in CCly were
noted at 3,870 and 3,872 ft. A 15-in.
bed of medium-dark-gray noncal-
careous slightly silty and micaceous
claystone at 3,872-3,873 ft. At 3,866
and 3,876 ft effective porosity 9.9 and
9.5 percent; both samples are im-
permeable.

Recovered 15 ft 6 in.: Microfossils rare.

Sandstone, as in core 61; with 3-in. clay-
stone beds at 3,884, 3,887, and 3,889
ft. Interbedded sandstone and dark-
gray clay shale occupy a 6-in. section
at 3,883 ft and 10-in. sections at 3,888,
3,892, and 3,893 ft. One-foot sections
of the sandstone at 3,884 and 3,894 ft
are faintly to finely laminated with
carbonaceous and micaceous partings.
The upper bed shows slight cross-
bedding; the lower one, which is very
evenly laminated, has a dip of 1°.
At 3,884 and 3,894 ft effective porosity
7.2 and 2.5 percent, respectively; both
samples are impermeable,

Recovered 10 ft: Microfossils very rare.

7 ft, sandstone and claystone. The
upper 7 ft of this core was disturbed
before reaching the laboratory; the
rock consists of medium- to medium-
light-gray very fine-grained very silty
argillaceous sandstone with laminae
and thin beds (as much as 6 in. thick)
of medium-dark-gray claystone, slight-
ly to very silty in part, totaling about
15 percent of the rock.

3 ft, siltstone, medium- to medium-
light-gray, very argillaceous, non-
calcareous; scattered carbonaceous and
micaceous partings; thin (% to 1 in.)
beds of medium-dark-gray clay.
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Core Depth (feet)

Remarks

66 | 3,910-3, 918

3, 918-3, 928
3, 928-3, 978

67 | 3,978-3, 987

Recovered 7 ft: Microfossils rare.
Claystone, medium-dark-gray, very silty
and micaceous, noncalcareous; with
%- to 3-in. beds of medium-gray silt~
stone totaling 20 percent of the rock.

No sample.

Clay shale, with sandstone and siltstone

as in cores above.

Recovered 9 ft: Microfossils abundant.
Claystone, medium- to medium-dark-
gray, very silty, noncalcareous; rare
streaks and patches of sandy argil-
laceous nonecalcareous siltstone and

sandstone.

CORE ANALYSES

Samples from sandstones cored in Square Lake test
well 1 were tested for effective porosity by the Barnes
method, and for air permeability on a permeameter,
the general requirements for which are detailed in
American Petroleum Institute’s code No. 27, second
edition, April, 1952. The content of carbonate minerals
was also determined, and the results of these tests are
presented in the following table.

Analyses of core samples from Square Lake test well 1

Effective Air permeability Carbonate content
Depth (feet) rosity (millidarcys) (percent by welght)
percent)

237 15,5 | Qe 29.1.
247 . 1224 | O .. Trace.
514 . ___ 15. 1 O Trace.
525 - 9.4 O . 17.9.
576 _ 143 | Qoo 10.25.
611 . ... 21. 8 54 . Trace.
627 _ .. 1.9 [ 40.8
632 - 23. 2 11 Trace.
641 ___. 10. 9 [ 25.6.
661 __________ 18. 2 (R Trace.
672 . ____ 173 | 0. Trace.
683 .- 1L7 | O Trace.
1,063________ 15.4 | 12 _____ 10. 7.
1,067 _______ 1.6 |0 oo . 47.1.
1,646 .. ___ 18.7 | 20o . ____.__ 13.73.
1,662 _______ 1.6 | O ____ 15.68.
1,671 _______ 10. 3 <1eo_. 13.45.
1,685 _______ 18. 3 28 . 5.85.
1,687 _______ 20.4 | 30 .. Trace.
1,699 _______ 188 |43 ______.___ Trace.
1,706 ..o 20.2 | <loeoo_o___ Trace.
1,723 __. 17.9 | 37 . __ 12.84.
1,738 ... 161 {14 _____. 17.5.
1,740 . ___.__ 13.3 | <M. Trace.
1,845 _ ____. 170 | Noplug.. . _.___ 20.85.
1,854 ______ 13.5 | <1_____________ Trace.

Effective Afr permeability Carbonate content
Depth (feet) &oroslty (millidarcys) (percent by weight)
ercent)
1,863 ... 174 | Noplug. - ___ Trace.
1,873 _.__ 164 | 17 e Trace.
1,880 . ____ 17.9 No plug. oo 6.97.
1,916 __.__ 17. 5 645 (cracked)..___ Trace.
1,927 ___..__ 13. 6 1.35 e 15.10.
1,937 . 11.1 L 24.8.
2,200 ... 3.5 | Omo . 25.8.
3,028 ___..__ 1.0 | <1ooo .. Not tested.
3,030 .______ 12.52 | 8.38 . C e 8.95.
3,032 ____.__ 12.7 | Noplug-——-._.__ Not tested.
3,084 . .____ 1208 [ 7.5 eeeee Not tested.
3,086 ._____ 13. 3 176 e Not tested.
3,038 ______. 13. 3 No plug.-—-—___. Not tested.
3,040 . __.__ 12.94 | 1.7 _ . 6.04.
3,042 ... _.__ 15. 2 35.00 e Not tested.
3,044 . __ 13. 6 6.4 e Not tested.
3,046_______._ 11. 8 1.6 e Not tested.
3,050 . __._. 1254 | 4.7 oo 5.39.
3,062 . __.__ 6.22 | 6.75. oo 8.78.
3,090 ... 8.68 | <1______..._.__ 9.76.
3,240 . _._.__ 8.38 | <loooooooo_- Trace.
3,251 o 9.68 | Oceo oo Trace.
3,263 ___._._ 7.9 [ Trace.
3,277 ... 88 | Oceeeeem Trace.
3,471 .. 7.6 | <Y 10.67.
3,480 . _.__ 127 | O Trace.
3,487 . .__ 1007 | O Trace.
3,497 e 85 | O Trace.
3,503 . _.._. 4.4 10 Trace.
3,514 o 37.15.
3,550 - 9.7 1 0. eee Trace.
3,857 ... 82 | O Trace.
3,596 . ._. A T T | Trace.
3,708 . _____ 10. 1 O e Trace.
3,718 ... 9.7 | Ot Trace.
3,730 ... 89 | O Trace.
3,833 .- 8.6 T, Trace.
3,849 _____._ 8.9 [ About 8.
3,856 ..___ 9.6 | O Trace.
3,866 _____ 9.9 | O Trace.
3,876 _.____ 9.5 [ R Trace.
3,884 ... 7.2 | O Trace.
3,80 ... 2.5 [ PP Trace.

HEAVY-MINERAL ANALYSIS

Heavy-mineral samples prepared in the Fairbanks
laboratory were analyzed by Robert H. Morris of the
Geological Survey, who prepared the heavy-mineral
chart (fig. 85). Sandstone samples were disaggregated
and treated with dilute hydrochloric acid to remove
the carbonates. The disaggregate was sieved, and the
material passing the 80-mesh and retained on the 235-
mesh screen was separated in bromoform (sp. gr. 2.7)
and methylene iodide (sp. gr. 3.0) into light, medium,
and heavy fractions, Slides of the heavy fractions (sp.
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gr. 30 or greater) were prepared with canada balsam
or aroclor. Two heavy-mineral zones are recognized in
Square Lake test well 1: the biotite zone, in several
samples between 220 and 1,080 feet; and the zoned-
zircon zone, from 3,700 to 3,880 feet. Samples between
1,640-3,060 feet contain an abundance of muscovite.

OIL AND GAS

OIL AND GAS SHOWS

No commercial shows of oil were found in Square
Lake test well 1, but some gas was produced from sand-
stone beds between 1,600 and 1,900 feet (see formation
tests 4 and 5, below). Core samples were tested for
oil cuts. The cores were tested in the Fairbanks labora-
tory 1 to several days after the cores were taken, de-
pending on the availability of transportation from
Umiat to Fairbanks. The sandstone was crushed to
approximately single-grain particles, carbon tetrachlo-
ride was added, and the mixture shaken. Any color
appearing in the carbon tetrachloride after settling and
filtering was described as the cut; the residue is any
material left in the evaporating dish after the carbon
tetrachloride has been allowed to evaporate. The con-
sistency of the residue varied from a greasy film to an
oily liquid. The results of the tests are given in the
following table.

Core samples from Square Lake test 1 tested for oil stain
in carbon tetrachloride

A
A
Y
Depth Cut Residue
2000
/\/ \/’\/\K/\\/\L/\\/\ \/’\/L\//\/\l/ 1,662 | Pale straw colored. . oo ooooocoooo Very pale yellow.
1,702 [ooooo QO e e Do.
/\/ \/V \/W\\//\/]/\//\/ ] L7116 d: DO
3000 s (10 oo B e L L L LT 0.
; - —RE 1738 | None 1
1,845 (.. . Q0 Do
1,873 |-..-- QO e None.
3200 38,030 | Very pale straw colored. .. __.__.__...___ Very pale yellow.
8,040 | NONE . oo oo None. N
3,050 |--- - do Very faint greasy stain.
3,062 |- do Do.
3,090 [-—--- do Do.
3400 = 3,240 | Pale straw colored Pale yellow. .
3,251 | None Very faint greasy stain.
T I P Fr ae 3,203 |- do Do.
3,277 |-moe- do Do.
~3600 3,487 |- do Pale yellow.
3,497 |- do. Do.
| . L b b e 3,508 |- do Do.
g J: 8,550 |----- do Do.
3800 |— & é’ 8. g, 357 ..... go ....... go.
N 55 |- o OSSR 0
n ’ *
.1 n ki 1 ] | 43 ‘ 3,870 | Very pale straw colored .. .. __._..____._. Yellow.
3,872 |-..__ QO e Do.
4000
EXPLANATION ROBERT H. MORRIS, 1954
L} Rare (Less than 10 percent) A Angular . N
mm  Common (10 to 40 percent) o Rounded Arctic Contractors’ well geologist, Robert D. Rut-

= Abundant (40 to 80 percent)
WM Flood (over 80 percent) ~

FI1GURE 35.—Relative abundance of heavy minerals in Square
Lake test well 1.

ledge, also noted a fleeting odor and a very pale cut in
sandstone beds at 3,464-3,510 feet and 3,831-3,898
feet.
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FORMATION TESTS

Twelve formation tests with the Johnston formation
tester were attempted in Square Lake test well 1. The
first 3 tests, and the sixth, were unsuccessful; 2 tests
resulted in moderate to strong blows of gas, and the
others recovered water and drilling mud. In each case
the hole was open from the packer to the current total
depth. A description of the tests follows:

Test 1, 1,648-1675 feet.—A 634-inch packer was set
in a T14-inch hole at 1,642 feet; but the trip valve was
released while installing the tools, and the test was
unsuccessful.

Test 2, 1,642-1676 feet—A 634-inch packer was set
at 1,642 feet, but it failed to hold.

Test 3, 1,646-1,675 fedt—A 63;-inch packer was set
at 1,646 feet, but it failed to hold after 5 minutes.

Test 4, 1,646-1675 feet—The hole was reamed to
1,675 feet, and an 854-inch packer was set at 1,646 feet,
with 29 feet of tailpipe including 17 feet of perforated
pipe. A % g-inch bean in the tester was open 1 hour and
46 minutes, and then was closed for 20 minutes. After
45 minutes of moderate blow, a critical flow prover indi-
cated a gas flow of 112,000 cubic feet per day. The
test was not reliable, however, because ice formed in
the orifice. After gas flowed for 54 minutes, the hole
began producing water by heads. Salinity of the mud
was 660 parts per million, and that of the recovered
fluid was 8,745 parts per million. The bottom-hole
flowing pressure was 425 psi.

Test 5, 1,847-1,879 feet.—A T1/-inch packer was set
at 1,847 feet, with 32 feet of tailpipe, of which 17 feet
was perforated. A % ¢-in. bean in the tester was open 1
hour and 10 minutes, and the packer pulled loose from
the seat 13 minutes later. The tester produced a strong
blow of gas for 30 minutes and then produced water
and mud through the annulus. The salinity of the drill-
ing fluid was 607 parts per million and that of the re-
covered fluid was 3,135 parts per million. The bottom-
hole flowing pressure was 500 psi, and the bottom-hole
static pressure was 800 psi. A critical flow prover test
was unsuccessful because ice formed on the orifice of the
instrument.

Test 6, 1,878-1,897 feet.—A T1j-inch packer was set
at 1,878 feet, with 19 feet of tailpipe (including 5 feet
of perforated pipe). The test was unsuccessful because
the retaining valve did not open.

Test 7, 1,878-1,897 feet—A T1j-inch packer was set
at 1,878 feet, with 5 feet of perforated pipe included in
the 19 feet of tailpipe. A 34-inch bean was open 1 hour
and closed for 10 minutes. No gas came to the surface,
and 90 feet of water-cut drilling mud was recovered.

466290—59——4
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The salinity of the mud was 623 parts per million, and
the fluid that was recovered had a salinity of 2,970 parts
per million. The bottom-hole pressure was 200 psi.

Test 8, 3,033-3,067 feet.—A T1/-inch packer was set
at 3,083 feet, with 34 feet of tailpipe, of which 23 feet
was perforated. A 34-inch bean in the tester was open
90 minutes; no gas came to the surface. After being
closed in for 10 minutes, the bottom-hole flowing pres-
sure built up to 875 psi, and the static bottom-hole
pressure was 400 psi. The test recovered 780 feet of
water. Salinity of the drilling fluid was 528 parts per
million, and that of the recovered fluid was 330 parts
per million.

Test 9, 3,466-3482 feet—A TY-inch sidewall
packer was set at 3,466 feet, with 16 feet of tailpipe, in-
cluding 10 feet of perforated pipe. The tester was
open 1 hour and 53 minutes and closed for 15 minutes.
Fifty feet of drilling fluid was recovered which had a
salinity of 387 parts per million. The bottom-hole flow
pressure and the bottom-hole shut-in pressure were both
indicated by the pressure recorder to be zero.

Test 10, 3,71}-3,742 feet—A 7Tlh-inch packer was
set at 3,714 feet with 18 feet of perforated and 10 feet
of unperforated tailpipe. The 34-inch bean in the tester
was open 1 hour and 51 minutes, and closed for 15
minutes. Both flowing and bottom-hole pressure
were zero. No gas came to the surface; 8 feet of drill-
ing mud with a salinity of 950 parts per million were
recovered.

Test 11, 3,8331%-3,845 feet.—A T14-inch packer was
set at 3,833145 feet, with 11.6 feet of tailpipe, including
6 feet of perforated pipe. The 34-inch bean in the
tester was open 93 minutes, but no gas came to the sur-
face and the bottom-hole pressure was zero. Ten feet of
drilling fluid was recovered. Its salinity, 2,240 parts
per million, was raised by the presence of pyrophos-
phate in the drilling mud.

Test 12, 3,850-3.88%2 feet—A 'T1j-inch packer was
set at 3,850 feet, with 32.5 feet of tailpipe, 24 feet of
which was perforated. A 34-inch bean in the tester was
open 104 minutes and closed 15 minutes. The bottom-
hole pressure was zero. The test recovered 100 feet of
drilling fluid (salinity 990 parts per million), which
had entered the tool while it was being lowered into
place.

GAS AND WATER ANALYSES

Samples of gas from formation tests 4 and 5 were
submitted to the U. S. Bureau of Mines for analysis.
The gas in each sample was found to be badly con-
taminated with air, and the analyses are therefore not
presented here. A sample from formation test 5 (1,847-
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1,879 feet), was sent to the National Bureau of Stand-
ards and analyzed by S. Schumann as follows:

Component Mol percent Component Mol percent
Helium None Oxygen.__.____________ None
Methane_____________ 99.3 Carbon dioxide___.____ .11
Nitrogen_____________. 40 Propane None
Ethane_______________ 16 Butane._._________.____ None

Water samples from formation tests 4, 5, and 8 were
also submitted to the U. S. Bureau of Mines. Analyses
of samples from tests 4 and 8 are presented in the fol-
lowing table. The sample from test 5 was largely
drilling mud ; and the small amount of water separated
from the mud had a chloride content of 1,600 parts per
million (equivalent to 2,600 parts per million of NaCl),
and a specific gravity of 1.001. It was not analyzed
further.

Analysis of water from formation tests 4 and 8 in Square
Lake test well 1
[Analyses by the U. S. Bur. Mines]

Parts per million
Radical Test 4 (1,646~ | Test 8 (3,033-
1,675 feet) | 3,087 feet)

Caleium . - oo e 34 12
Magnesium. - - ... 36 6
Sodium, oo 2, 960 1,020
Carbonate. - .. . 64 51
Bicarbonate . ____ o ___ 1, 260 2, 400
Sulfate_ _ e 29 23
Chloride_ - - e 3, 900 140
Total solids. . ______ 8, 283 3, 652

H,S detected. - oo None None
Specifie gravity at 15.6° C_____ 1. 005 1. 001

LOGISTICS

About 1,350 tons of supplies and equipment (includ-
ing the Cardwell drilling rig from Titaluk test well 1)
to drill Square Lake test well 1 were hauled to the
site on sleds by 8 tractor trains in late 1951 and in the
spring of 1952. Personnel was flown in by bush planes
which landed on the nearby lake using skis in winter
and floats in summer.

Information in this paper about personnel, equip-
ment, and supplies has been compiled from data re-
corded on the test well by Arctic Contractors.

Personnel.—The supervisory staff consisted of 1
drilling foreman, 1 petroleum engineer, and 1 geologist
in charge of drilling the test. The rig crew consisted
of 2 drillers, 2 derrickmen, 2 floormen, 2 firemen, 2
heavy-duty-equipment mechanics, and 1 oiler and small-
crane operator. Other men permanently employed were
2 cooks, 2 cook’s helpers, 2 crane operators, and 1 man
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who served as warehouseman and storekeeper. Others,
such as carpenters, laborers, 1 welder, 1 radio repair-
man, 1 electrician, 1 cement and formation-test techni-
cian, and 1 Schlumberger engineer were sent from Bar-
row or Umiat as their services were needed.

Housing.—Twelve wanigans (small one-room build-
ings mounted on skids or runners to facilitate moving)
and eight jamesway huts (jamesway huts, which are
similar in shape to quonsets, are made of canvas over
a metal frame, and are usually slightly smaller) were
used for shelter. The wanigans housed the boiler, the
geologist’s office, the shop, the Schlumberger equip-
ment, the generator, the cement pump and motor, the
lavatory, and cement, water, food, and miscellaneous
storage; one was used as a utility room. Five of the
jamesway huts were used for sleeping, 1 for a kitchen,
1 for eating, and 1 was both a dormitory and a store.

Vehicles and heavy equipment.—The camp at Square
Lake test well 1 was equipped with 2 weasels (military
vehicles, fully-tracked), 1 D8 Caterpillar tractor, 1
TD-9 International tractor with crane (cherrypicker),
and 1 swing crane. One of each of the following major
items of drilling equipment was used by Arctic Con-
tractors:

Ideco standard derrick, 87 £t high with 24-ft base (mounted
on runners from an Athey sled).

120-ton Ideal type D-12 crown block with five 34-in. sheaves
grooved for 1 in line.

120-ton Ideal type D-12 traveling block with four 34-in.
sheaves grooved for 1-in. line.

125-ton Byron Jackson type 4125 Triplex hook with bail
Ideal type FE 1715-in. rotary table.

150-ton Ideal type D swivel.

Cardwell model H drawworks, skid mounted, complete with
cat heads and rotary-drive assembly.

Caterpillar diesel engine model D8800 on drawworks.

Ideal type C-250 power duplex slush pump, 7% by 15 in.

General Motors quad diesel engine, model 24103, series 671
on slush pump.

Shaffer double gate blowout preventer.

60-bbl. divided mud tank.

85 hp. Kewanee boiler.

Halliburton cementing unit.

Schlumberger automatic recorder and deep winch.

Fuel, ubricant, and water consumption.—About 83,-
600 gallons of diesel fuel and 2,030 gallons of 72-octane
gasoline were burned to furnish power for drilling the
test ; lubrication required 456 gallons of lubricating oil,
and 420 pounds of thread-lubricating grease. Water
used in mixing mud and for other purposes totaled
554,200 gallons.

DRILLING OPERATIONS
DRILLING NOTES
Information presented in this section was reported
by Everette Skarda, petroleum engineer for Arctic Con-
tractors.
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Notes from drilling records

Remarks

Bottom of cellar.

Cemented 4 joints of 133%-in. 54.5-1b range 2
grade J-55 seamless casing at 110 ft with 85
sacks of Cal-Seal.

While reaming the hole at 713 ft, mud was lost
at a rate of 30 bbl per hr. The addition of
Jelflake and Fibertex did not stop the loss,
which was then traced to a washout behind
the casing. The washout may have been
caused by heat from the drilling mud which
thawed permafrost behind the casing cement.
The casing was recemented with 35 sacks of
Cal-Seal and 10 sacks of High-Early cement.

Cemented 728 ft of 103%-in. 55.5-1b Hydril stream-
lined casing with 160 sacks of High-Early
cement. Installed blowout preventers.

A sledge hammer dropped in the hole was recov-
ered with a Globe bagket.

3,987 .. Four cement plugs were set in the hole through
open-end drill pipe to seal off the gas-bearing
sandstones and to protect them from contami-
nation by water-bearing beds. For the first
one, 80 sacks of High-Early cement were dis-
placed at 2,935 ft, with the top of the plug at
2,745 ft. The next two were set between 1,865
and 1,934 ft, and from 1,640 to 1,840 ft. The
top plug, at 700-741 ft, was set through the
lower end of the casing. The hole was then
bailed down to 225 ft, the blowout preventers
removed, and a 103-in. nipple welded to the
top of the casing, 13 ft above the ground.

DRILL AND CORE BITS

Reed conventional Kor-King bits were used to core
1,043 feet of hole. Of the bits used, 10 were type K-25,
soft-formation bits, and the rest were type K—24, hard-
formation bits. The first 6 bits were 6% inches in
diameter, but the others, except 2 used near the bottom
of the hole, were 7%-inch bits. About 92 percent of the
rock cored was recovered.

Drill bits ranged in size from a 17%-inch Security
hole opener to a 9%-inch Hughes OSC-3 rock bit. The
latter was the most common type of bit used, but a
few Smith DDT and Reed type 2 and 2C rock bits
were also used. On the graphic log (pl. 29) drill bits
that alternately reamed and drilled short intervals are
shown only as having drilled these intervals.

DRILLING MUD

Desirable characteristics were maintained in the
water-base mud used for drilling Square Lake test well
1 by the use of Aquagel, Quebracho, and Baroid, with
a small amount of tetrasodium pyrophosphate and
caustic soda. At 713 feet 4 sacks of Jelflake, 2 sacks
of Fibertex, and 23 sacks of Aquagel were added to the
mud because of loss of circulation, before the mud loss
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was traced to a washout behind the casing. At 2,779
feet, 50 barrels of new mud were mixed because some
had been lost when the plug was dislodged from the
mud pits. The following table presents the character-
istics and additives of the drilling mud used in drilling
the test.

Drilling-mud characteristics and additives, Square Lake test well 1

Viscos- [Water | Tem- Pyro-
Weight | ity loss | pera- | Aqua-| Que- | phos-
Depth | (b per {(Marsh |(ccper| ture gel |{bracho|phates| Other additives
cuft) | funnel | 30 (° F) |(sacks)| (b) (b)
sec) | min)

110 67 [:Z 3} (PO, 70 18

268 75 35| 10.5 80 2 25 25

462 74 46 8.7 65 11 100 50

590 70 37 6.5 58

669 73 40 7.2 54 7 50

713 > 2 R SR, 4 sacks Jelflake, 2

sacks Fibertex.
728 74 46 6.9 54 28 25 500 | 47w "
750 85 67 5.8 71 150 sacks Baroid.
1,085 84 54 58 77 5 1b caustic soda.
1,077 82 50 6.3 65 4 15 sacks Baroid,
1,175 25
1,200 85 54| 6.3 73
1,312 85 54| 5.6 75 50
1,435 85 58 5.0 75
1, 500 85 54 5.0 72
1,610 85 55 5.0 75 50
1,675 86 60| 5.0 64 110 20 | 5 1b sodium bicar-
bonate. *-}

1,714 86 52 5.3 54 48 sacks_Baroid.

1,780 6 54| 5.0 60

1,830 86 54| 5.3 64

1,880 87 54 5.0 [ 8 PR EU——

1,900 86 54 5.0 60

1,925 86 55 5.0 58 -

1,980 86 56 5.3 68

2,050 86 55 5.3 67 % 25 15 Ib sodium bicar-
bonate.

2,120 86 54| 6.0 76

2,200 86 55| 6.0 76

2,205 87 55| 5.6 78

2,383 86 57 5.6 73 50

2,493 87 55 5.6 78 50 20

2, 585 87 53 5.2 79

2,627 88 54 5.3 79 25 15

2,670 89 54 5.5 76 75 20

2,741 87 56 5.3 72 50

2,779 - 100 20 | 72 sacks Baroid.

2,808 9 55| 4.8 75

2,850 92 54 4.8 68 lcaeaas

2,928 92 55 5.0 {7 S (RO, [ S,

2,995 92 54 4.8 75 % 100 20 | 10 Ib caustic soda.

3,050 92 53| 4.6 f 1) I B PR,

3,068 92 54 5.0 65 [aamnean

3,100 91 55| 5.0 70

3,192 91 56 4.8 Y (3 I -

3,210 91 57 4.8 {7 PRSI SN S,

3, 250 91 56 4.6 1,7 (RO PRI S,

3,276 91 56 4.4 [ 70 [R— 355 40 | 35 Ib caustic soda.

3,340 91 54 4.3 [7: % PRSI PRSP A,

3,368 91 55 4.5 68 - -

3,395 91 53 4.1 [ J OSSN I AR

3, 450 91 52 4.3 74

3,507 91 54 4.3 74

3,515 91 52 4.6 64 125 20 | 100 Ib Aeroseal.

3,580 91 55| 4.5 70

3,602 91 52 4.4 70

3,640 92 55| 4.3 70

3,682 92 53 4.3 73

3,713 93 58 4.4 74

3,740 92 50 4.2 £ 2 PR 55 | 375 Ib Aeroseal.

3,755 91 50 4.1 68 40 1b caustie soda.
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Drilling-mud characteristics and additives, Sgquare Lake test
well 1—Continued

Viscos- (Water | Tem- Pyro-
‘Weight | ity loss | pera- | Aqua-| Que- | phos-
Depth | (b per |(Marsh |(cc per| ture | gel |bracho|phates| Other additives
cuft) |funnel | 30 | (°F) |(sacks)| (Ib) | {b)
sec) | min)
3,775 91 50 4.2 (V2 PO SRR U,
8,825 93 58 4.4 57 PN PR R,
3,845 91 50 5.0 22 PO [ SO,
3,860 91 51 4.8 L7 S R ISR U,
3,882 91 49 4.8 64
3,910 91 57 5.0 (113 F— 325 190 | 100 Ib Driscose, 15
1b caustie soda, 10
sacks Baroid.
3,923 91 55 4.0 <1520 PR IS
3, 960 92 60 4.0 L1 70 FU PIIIY P
3, 987 91 54 4.0 66

HOLE DEVIATION

Deviation from vertical in Square Lake test well 1
ranged from 0°15” to 2°00” and averaged approximately
0°50”. The greatest deviation occurred between 1,700-
2,100 feet; above and below that interval the hole was
rarely as much as 1° from vertical. Deviation measure-
ments were made with a Totco (Techanical Oil Tool
Corp., Ltd.) recorder and are shown on the graphic
log (pl.29).

ELECTRIC LOGGING

Electric logs were made in several runs between 110
and 3,984 feet by Schlumberger Well Surveying Corp.
Runs 5 and 6 duplicated part of the earlier runs, in
order to record the curves on different scales. On the
graphic log (pl. 29), run 6 is used in place of runs 2-5.
The depths recorded in each run are given below:

Run Depth (feet) Run Depth (feet)
i F 110-728 5 1, 500-3, 389
2 728-1,67 6__._____________ 728-3, 752
> S 1,675-2,664 T7_______________ 3,750-3, 875
4 2,664-3,062 8 . ____________ 3, 875-38, 984

WOLF CREEK AREA

In 1951 and 1952 Arctic Contractors drilled three
holes to test the oil-producing possibilities of the Wolf
Creek anticline, a structural feature with a northwest-
ward trend about parallel to the other anticlines in the
northern foothills section of the Arctic foothills
province.

The northern foothills section of the province in the
vicinity of the Wolf Creek tests has a maximum relief
of about 1,000 feet. Northwestward-trending escarp-
ments parallel the Wolf Creek anticline to the north
and south, although the anticline follows a lower less
rugged ridge. There is about a 250-foot difference in
the elevation between Wolf Creek test wells 1 and 3
on the crest and Wolf Creek test well 2 in the creek
valley on the north flank.

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1944-53

Wolf Creek anticline, first mapped by a Geological
Survey field party in 1946, was studied in more detail
in 1947. It was further defined in 1949 by photogeo-
logic mapping by William P. Brosgé who also drew the
structure-contour map of the area shown in figure 36.
This narrow anticline is about 30 miles long, and a pos-
sible western extension may add another 25 miles to its
length. Two hundred feet of proven closure encom-
passes an area 5 miles long, near the east end of the
anticline; maximum closure of 600 feet, enclosing an
area 16 miles long, is possible but cannot be proved
(Brosgé, written communication, 1956).

The 8 wells were drilled in Cretaceous rocks: Wolf
Creek test wells 1 and 3, 485 feet apart on the crest
of the anticline, penetrated rocks of the Nanushuk
group (Lower and Upper Cretaceous): Wolf Creek
test well 2, a mile and a third away down the north
flank, drilled through 130 feet of the Seabee formation
(Colville group, Upper Cretaceous) before entering
older beds.

Wolf Creek test wells 1 and 38 found a small amount
of gas which has no present commercial value. The
highest rate of flow, measured in Wolf Creek test well
1, was 1,304,900 cubic feet per day at 8 pounds pressure
through a 114-inch orifice, with shut-in pressure build-
ing up to 60 pounds in 30 minutes. Wolf Creek test
well 2 had only a faint show of gas and produced some
salty water.

STRATIGRAPHY

A small amount of alluvium, which mantles the Cre-
taceous rocks, was drilled in Wolf Creek test wells 1
and 2; in the latter test, located near a small creek, the
drillers reported penetrating gravel, underlain by olive-
gray clay, before reaching Cretaceous rocks 40 feet
below the derrick floor.

SEABEE FORMATION

Ninety feet of the Seabee formation (Colville group,
Upper Cretaceous) overlie rocks of the Nanushuk
group (Lower and Upper Cretaceous) in Wolf Creek
test well 2. These beds consist of olive- and medium-
gray siltstone, with a small amount of gray sandstone
and clay shale, some clay ironstone, and a small amount
of light-yellowish-gray bentonite containing abundant
euhedral biotite flakes.

NINULUK FORMATION

Beds of the marine Ninuluk formation (Upper Cre-
taceous), uppermost part of the Nanushuk group, are
the youngest Cretaceous rocks found in Wolf Creek
test wells 1 and 3; the following description is based
primarily on information from those wells. In these
wells the Ninuluk formation consists of 200 feet of
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sandstone separated into beds 20 to 50 feet thick by
beds of clay shale. The sandstone is commonly light
medium gray, fine to medium grained, friable, and
slightly silty and argillaceous, with a salt and pepper
appearance ; none of the beds contained oil or gas. The
rock is composed of angular to subangular clear and
white quartz grains with some gray chert and dark
rock fragments. Clay shale, which makes up a little
less than half of the formation, is medium to medium
dark gray, and is rarely very silty. Siltstone, present
in thin beds, is medium gray, argillaceous, and slightly
micaceous in part. A minor amount of shaly coal, clay
ironstone, and white bentonite are also present, al-
though the last is rare and is limited to the upper part
of the formation. A distinctive microfaunal assem-
blage, the Gaudryina-Trochammina fauna, is present
in this formation. (See p. 480-481.)

The drill in Wolf Creek test well 2 penetrated similar
rocks, but the lithologic units described above vary
considerably in thickness, or disappear entirely before
reaching this northern test. Some of the sandstone
beds can be correlated in the three wells. The upper-
most 50 feet of the Ninuluk formation, not present in
the other wells, was found to be similar to the rest of
the formation, except for a slightly greater amount of
bentonite.

The base of the formation is found at the bottom of
the thick sandstone beds and below the lowest occur-
rence of the Gaudryima-Trochammina microfauna.
The formation is approximately 420 feet thick.

KILLIK TONGUE OF THE CHANDLER FORMATION

The Killik tongue (Lower Cretaceous) of the non-
marine Chandler formation (Nanushuk group), is
about 900 feet thick and is composed primarily of clay
shale, with some thin beds of sandstone, siltstone, and
coal. The clay shale is medium dark gray, and is silty
and micaceous in part. A little black clay shale is asso-
ciated with the coal. The thin sandstone beds differ
from those of the Ninuluk formation in being very fine
grained, very argillaceous and silty, and slightly to
very micaceous; some of the lower beds, which are 10 to
20 feet thick, produced a small amount of gas in Wolf
Creek test well 1 and water in Wolf Creek test well 2.

The base of the formation cannot be determined ex-
actly, but the approximate division between the Killik
tongue and the underlying Grandstand formation is
placed below the lowest bentonite and above a common
occurrence of specimens of Verneuilinoides borealis
Tappan, although a few Foraminifera occur, probably
in thin interfingering beds of marine sediments, just
above the base of the Killik tongue. (See p. 481)

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1944—53

GRANDSTAND FORMATION

Only the uppermost part of the Grandstand forma-
tion was penetrated by Wolf Creek test wells 1 and 2
(150 and 60 feet, respectively). The description below
is based on the 1,360 feet drilled in Wolf Creek test well
3. The formation (Lower Cretaceous) is the lowest
part of the Nanushuk group in this area. The rocks
are marine and consist of about 1,350 feet of alternat-
ing sandstone and clay shale with rare siltstone beds.
The upper 125 feet consist of medium-dark-gray non-
calcareous silty clay shale. This is underlain by 60 feet
of medium-light-gray fine-grained slightly silty very
slightly micaceous sandstone that is composed of sub-
angular clear and white quartz with rare chert and rock
fragments. A few thin beds of clay shale break the con-
tinuity of the sandstone. A show of gas and a faint cut
of oil in CCl, were obtained from this bed. Lower
sandstones are very fine to fine grained, range from 15
to 100 feet in thickness, and alternate with 10- to 100-
foot beds of clay shale or claystone; sandstone makes
up approximately half of the sequence. Two of the
sandstones gave slight indications of oil or shows of
gas. Porosity of the sandstone beds range from 0.3 to
16 percent and permeability from impermeable to 32
millidarcys, except for a bed at 1,553 feet which had 19
percent porosity and 305 millidarcys permeability.
The base of the formation is arbitrarily placed at the
bottom of the lowest thick bed of sandstone.

TOPAGORUK FORMATION

The Topagoruk formation (Lower Cretaceous), pen-
etrated on the anticline only by Wolf Creek test well 3,
is a sequence of marine rocks differing from the over-
lying Grandstand formation only by the lack of thick,
massive sandstone beds and the greater proportion of
fine clastics; the microfauna and characteristic rock
types encountered are the same. The formation is com-
posed mostly of medium-dark-gray clay shale, with
some beds of medium-light-gray very fine-grained ar-
gillaceous silty sandstone and medium-gray argilla-
ceous siltstone. No shows of oil or gas were noted in
the 1,000 feet of the Topagoruk formation penetrated
by the well. As the base of the formation was not
reached, its total thickness in the area is unknown.

WOLF CREEK TEST WELL 1

Location : Lat 69°23’11’’ N., long 153°31’15’’ W.
Elevation : Ground, 712 feet; derrick floor, 714 feet.
Spudded : April 29, 1951.

Completed : June 4, 1951 ; junked and abandoned.
Total depth: 1,500 feet.

The first of 8 wells drilled on the Wolf Creek anti-
cline was planned to penetrate the Grandstand for-
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mation, which contains the oil-producing sandstone
beds of the Umiat oil field about 85 miles to the east,
to determine its petroleum content and reservoir pos-
sibilities in the Wolf Creek area. The well is about
1,500 feet south of the axis of the anticline. (See fig.
36.) It drilled through a few feet of soil before pene-
-trating rocks of the Nanushuk group. The Ninuluk
formation is present from 10 to 455 feet and is under-
lain by nearly 900 feet of the Killik tongue of the
Chandler formation (455 to 1,350 feet). The Grand-
stand formation was penetrated in the bottom 150 feet
of the hole. No shows of oil were noted, but minor
amounts of gas flowed from sandstone beds in the Killik
tongue ; the bottom 10 feet in the well produced 1,304,-
900 cubic feet of gas per day from the only massive
sandstone bed of the Grandstand formation that was
reached by the test well. The well was abandoned at
1,500 feet when a core-barrel assembly was lost and
could not be recovered from the hole.

The electric log from this well (see pl. 30) reflects
the lithology rather poorly ; intervals of high resistivity
and spontaneous potential on the log rarely correspond
with the sandstone beds as indicated by bit cuttings
brought up in the bailer and in the cores that were
recovered.

DESCRIPTION OF CORES AND CUTTINGS

Descriptions of the rocks penetrated in Wolf Creek
test well 1 are based on an examination of cores and
cutting samples. Composition as shown on the graphic
log is determined in part by interpretation of electric
log and may differ slightly from the written descrip-
tion. The material was described dry, and colors were
determined by comparison with the Rock Color Chart
(Goddard and others, 1948). The depths were meas-
ured from the top of the derrick floor.

Abundance of microfossil specimens mentioned at
the beginning of each core description is defined as fol-
lows: 1-4, very rare; 5-11, rare; 12-25, common ; 26-50,
abundant ; more than 50, very abundant.

Lithologic description
[Where no core is listed, description is based on cutting samples}

Core Depth (feet) Remarks

—— 0-4 | Derrick floor to ground level. The inter-
val between ground level and 50 ft is
described from Arctic Contractors driller’s
log; no samples were taken.

———- 4-10 | Surface soil.

——— 10-20 | Sandstone. Top of Ninuluk formation at
10 ft.

. 20-32 | Gray shale.
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Lithologic description—Continued

Core

Depth (feet)

Remarks

32-40
40-50
50-65

65-90

90-92
92-115
115-125

125-155
155-165

165-180

180-200
200-240

240-270
270-280

280-295

295-301

301-307

307-330

330-360

360-380

380405

405~-410

410-415
415-420

Clay.

Shale, blue, sticky.

Clay shale, medium-light-gray, slightly
micaceous, calcareous; with abundant
grayish-yellow hard clay ironstone.

Clay shale and clay ironstone, as above;
and medium-light-gray very calcareous
siltstone with carbonaceous flakes; and
medium-light-gray very fine-grained cal-
careous sandstone consisting of suban-
gular white and clear quartz with some
dark rock grains and some carbonaceous
streaks.

Coal, black, subvitreous; with blocky frac-
ture.

Clay shale, siltstone, and clay ironstone, as
above.

Coal, with a minor amount of sandstone, as
above.

Clay shale, as above; coal in upper 10 ft.

Sandstone, medium-light-gray, fine-grain-
ed, friable; some clay shale and siltstone.

Sandstone, as above.

Clay shale, as above; with clay ironstone.

Sandstone, light-gray, fine- to medium-
grained, friable; composed of angular to
subrounded clear and white quartz, some
subhedral; gray chert and black rock
fragments are numerous, pyrite rare,
glauconite and mica absent. The lower
10 ft is calcareous,

Siltstone, medium-light-gray, slightly sandy
in part; rare clay shale.

Sandstone, light-gray, argillaceous; some
gray shale.

Clay shale, medium-light-gray, very slightly
micaceous; siltstone as above in upper
10 ft.

Clay shale and siltstone, as above; and
black carbonaceous shale with coal
laminae.

Clay shale, medium-gray, hard; very fine
laminae of medium-light-gray clay.

Sandstone, medium-light-gray, very fine-
grained, very silty, noncalcareous; be-
comes fine grained and less silty at the
base.

Siltstone, interbedded with medium-gray
clay shale; laminae of medium-light-gray
clay.

Clay shale, with streaks of coal and clay
ironstone in upper part.

Sandstone, medium-light-gray, very fine-
to fine-grained, noncalcareous, slightly
silty and argillaceous.

Siltstone, interbedded with sandstone, and
clay shale.

No sample.

Sandstone, with some siltstone, and shale.



450

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1944—53

Lithologic deseription—Continued

Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks

———— 420-437 | Clay shale, medium- to medium-dark-gray, | -._- 745-750 | Siltstone.
silty, slightly micaceous; and medium- | _ ... 750-765 | Siltstone and clay shale.
light-gray slightly micaceous argillaceous | ____ 765-775 | Siltstone, with a minor amount of sand-
siltstone. stone.

——— 437-455 | Sandstone, as above. U 775-780 | Sandstone, with a minor amount of silt-

———— 455-460 | Sandstone and clay shale. Top of Killik stone, clay shale, and clay ironstone.
tongue of Chandler formation at 455 ft. | __._ 780-785 | Clay shale, with some siltstone and sand-

——— 460-495 | Clay shale, medium- to medium-dark-gray, stone.
nonmicaceous, noncaleareous; a small | ____ 785-789 | Siltstone, light-gray, noncalcareous; with
amount of clay ironstone and coal in some medium-gray clay shale.
bottom 15 ft. 2 789-794 | Recovered 5 ft: Microfossils absent.

——— 495-530 | Clay shale, as above; and medium-light- 2 ft 2 in., clay shale, medium-dark-
gray siltstone; some clay ironstone at gray; numerous fine laminae of medi-
515 ft. um-gray slightly micaceous noncal-

———i 530-540 | Siltstone, as above; some clay shale, and a careous siltstone, lenticular or cross-
minor amount of coal. bedded in part. Grades into unit

———- 540-545 | Siltstone, clay shale, and coal. below.

———— 545-550 | Clay shale and siltstone; some sandstone, 2 ft 10 in., claystone, medium-dark-
clay ironstone, black clay shale, and a gray, very silty, very micaceous,
minor amount of coal. noncaleareous; some fragments of

——- 550-555 | Clay shale, with some siltstone. carbonized plants.

———— 555-560 | Coal, with a minor amount of siltstone. ———- 794-798 | Clay shale.

——- 560-565 | Clay shale, siltstone, and coal. ———— 798-815 | Clay shale, very silty; some black carbo-

———— 565-568 | Sandstone with some coal. naceous clay shale and a small

———— 568-575 | Clay shale and siltstone, calcareous. amount of sandstone; clay ironstone

———— 575-580 | Limestone, bluish-gray, slightly argilla- in lower half of section.
ceous, very finely crystalline. ——— 815-840 | Clay shale and sandstone, medium-light-

P 580585 | Clay shale, medium-gray; a small amount gray, very fine- to fine-grained, very
of limestone as above. argillaceous, slightly calcareous in part,

U 585-590 | Siltstone, with small amounts of gray and glightly  glauconitie; carbonaceous
black clay shale, coal, and sandstone. patches. Clay ironstone and siltstone

———- 590-595 | Clay shale, and siltstone with a small also present in lower 10 ft and a few
amount of clay ironstone. pieces of reddish-brown sandy lime-

———- 595-615 | Clay shale, medium- to medium-dark- stone at 820-825 ft.
gray; some siltstone at the top and the | --__ 840-850 | Clay shale, with some clay ironstone in
base of the section. upper 5 ft.

———— 615-620 | Siltstone and clay shale. e 850-857 | Clay shale and coal; a minor amount of

———— 620-625 | Siltstone, with some clay shale. black clay shale.

c_——- 625-629 | Sandstone, with some siltstone. ———— 857-865 | Sandstone, as above; some clay shale and

1 629-634 | Recovered 10 in.: Microfossils absent. siltstone.

Clay shale chips, medium-gray; some 3 865-870 | Recovered 3 ft: Microfossils absent.
flakes of carbonized plants; two frag- Sandstone, light-gray, fine- to medium-
ments of medium-light-gray sandy grained, argillaceous, noncalcareous.
siltstone. It is composed of subrounded grains

——- 634-650 | Clay shale and siltstone, with a small of white and clear quartz and numer-
amount of clay ironstone. ous dark grains. Streaks and frag-

———— 650-655 | Sandstone, with a small amount of silt- ments of carbonized plant remains are
stone. scattered throughout. It grades into

———- 655-662 | Clay shale, gray, and coal; with a small sandy shale and sandstone at base.
amount of sandstone and black clay Permeameter indicated a sample from
shale. 867 ft to be impermeable to air.

———— 662—685 | Clay shale, with a small amount of coal. Effective porosity of the same sample

— 685-690 | Coal and clay shale. by the Barnes method 5.31 percent.

——— 690-695 | Clay shale, with some siltstone. een 870-885 | Clay shale, with some coal, especially in

———— 695-725 | Clay shale, with a minor amount of silt- the bottom 5 ft.
stone in the lower part. — 885-890 | Shale, gray and black; with siltstone and

————- 725-745 | Sandstone, carbonaceous; a small amount coal.
of siltstone and clay shale in the upper | -... 890-900 | Clay shale, with clay ironstone in the top

10 ft.

5 ft and eoal in the bottom 5 ft.
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Core Depth (feet) Remarks Core Depth (feet) Remarks

e 900-925 | Clay shale, medium- to medium-dark-gray, | ----| 1, 250-1, 270 | Sandstone, fine-grained; with gray clay
noncalcareous; a minor amount of coal shale and siltstone in upper 10 ft.
in the upper 10 ft, some clay ironstone | -___| 1, 270-1, 273 | No sample.
in the bottom 15 ft. 11 | 1, 273-1,278 | Recovered 2 ft 6 in.: Microfossils absent.

R 925-930 | Siltstone, with some clay shale, and a Siltstone, medium-gray, argillaceous,
minor amount coal. slightly sandy, very slightly micaceous,

R 930-935 | Clay shale. noncalecareous. The silt grainsaresim-

4 935-940 | No recovery. ilar in composition to the sand grains

- 940-945 | Clay shale, with some siltstone. of core 8, but are more angular and

c——e 945-950 | Clay shale, sandstone, and siltstone. have a larger percentage of dark rock

R 950-995 | Clay shale, with a minor amount of clay fragments. Grades into silty clay-
ironstone, and some siltstone at the base. stone at base.

- 995-1, 010 | Clay shale, with sandstone in the upper | -.__| 1, 278-1, 290 | Sandstone, with some clay shale and clay
5 ft, and clay ironstone in the lower 10 ft. ironstone in upper 7 ft.

----| 1,010-1, 020 | Sandstone and clay shale, a minor amount 12 | 1,290-1, 293 | Recovered 2 ft 6 in.: Mjerofossils absent.
of clay ironstone. Sandstone, as in core 8. At 1,292 ft the

—---| 1,020-1, 025 | Clay shale and siltstone. rock has a porosity of 7.02 percent and

-—--| 1,025-1, 073 | Clay shale, with siltstone streaks. is impermeable.

51 1,073-1, 077 | No recovery. —-_-| 1,293-1, 300 | Bentonite, white to yellowish-white; abun-
6 | 1,077-1,080 | No recovery. dant rounded grains of a yellowish
7 | 1,080-1,084 | Recovered 3 ft 3 in.: Microfossils rare. translucent material and rare euhedral
Claystone, medium- to medium-dark- biotite plates.
gray, nonmicaceous, noncalcareous; some | ----| 1, 300-1, 310 | Clay shale.
medium-light-gray slightly silty lam- | --__| 1, 3101, 350 | Clay shale, with a small amount of benton-
inae, commonly crossbedded. A clay ite and sandstone; medium-gray very
ironstone lens one-half inch thick is pres- sandy slightly argillaceous noncalcareous
ent 1 ft above the bottom of the core. micaceous siltstone in upper 10 ft.

—_--| 1,084-1,090 | Clay shale, black and gray; some sand- | ---_| 1,350-1,400 | Clay shale, medium-gray; a minor amount
stone. of clay ironstone. Top of Grandstand

--—-| 1,090-1, 120 | Clay shale, with small amounts of clay formation at 1350 ft.
ironstone, siltstone, and sandstone in | ----| 1,400-1, 420 | Siltstone, medium-gray, very argillaceous.
the upper 10 ft. ———-| 1,420-1, 485 | Clay shale, medium-dark-gray, very silty;

-—--{ 1,120-1, 140 | Clay shale and sandstone. carbonaceous streaks and streaks of

—---| 1,140-1, 150 | Clay shale. siltstone; a small amount of bentonite at

—---1 1,150-1, 160 | Sandstone, light-gray, very fine- to fine- 1,435-1,445 ft.
grained, argillaceous, micaceous, non- | ____| 1, 485-1, 492 | Siltstone, with sandstone, and some
calcareous. bentonite.

____| 1,160-1, 170 | Sandstone, light-gray, medium- to fine- | -~--| 1,492-1,500 | No sample. Arctic Contractors’ well
grained, slightly argillaceous; but with geologist, Marvin Heany, described the
many dark rock grains. interval as sandstone.

8 | 1,170-1, 174 | Recovered 6 in.: Microfossils absent.
Sandstone, light-gray, fine- to medium-
grained, argillaceous, noncalcareous; LOGISTICS
patches and fragments of carbonized | A drilling foreman and a geologist supervised the
plants. The sand grains are sub- | .13 of Wolf Creek test well 1. The drilling crew
angular white and clear quartz, com- | . ritng o .0 reex test we : e driliing cr
monly frosted, with gray chert and | included 2 drillers, 2 tool dressers, 1 fireman, 1 heavy-
some dark rock fragments. Mica, | duty-equipment mechanic and welder; 5 other men—1
pyrite, and glauconite are very rare | cook, 1 kitchen helper, 1 janitor, 1 Caterpillar-tractor
o | 11741, 175 | No rgzoﬁsr?t' operator, and 1 Warehouseman:timekeeper.—.were also
10 | 1, 175-1, 178 | No recovery. permanently employed at the site. Elefatncmns, addi-

—__| 1,178-1, 225 | Clay shale, light- to medium-gray; a minor | tional tractor operators, and the electric-log operator
amount of siltstone. came from Barrow or Umiat as they were needed.

----| 1,225-1,235 Sandszfney Verxthﬁlie- Eol fine-grained, Housing consisted of 15 wanigans; 2 were used for
argillaceous; with clay shale. e

| 1,235-1,250 | Siltstone, medium-gray, very sandy, dormitories, 2 for water storage, and the others for

slightly argillaceous, micaceous, noncal- |

careous; a small amount of clay shale.

466290—59——5

1 galley, 1 messhall, 1 radio room and store, 1 food ware-
house, 1 generator and boiler room, 1 geological and
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engineering office, 1 machine shop, and 1 utility room;
and some were used for electric-log-equipment storage,
cement storage, and cement-pump housing. The
wanigans and other equipment used by Arctic Con-
tractors were brought to the site from Barrow by a
tractor train, and men were flown in by a small plane.
Vehicles used locally were 2 D8 Caterpillar tractors, 3
weasels, and a TD-9 small crane (cherrypicker). The
well was drilled with a Bucyrus-Erie spudder, a model-
29 water-well drill with a 45-foot all-steel mast. Power
was furnished by a Caterpiller D-3400 6-cylinder
diesel engine; a Kohler 4.0-kilowatt light plant and a
Heat-Pak boiler were also used.

During the last 3 weeks of drilling (from 865 to
1,500 feet), 8,871 gallons of diesel fuel and 404 gallons
of 72-octane gasoline were burned, 101 gallons of lubri-
cating oil and 16 pounds of grease were consumed, and
57,000 gallons of water was used. No records of con-
sumption are available for the first part of the drilling.

DRILLING AND TESTING OPERATIONS AND GAS ANALYSES

The Bucyrus-Erie spudder was mounted on a welded-
steel sled and was set on 12 by 12-inch timbers atthe
well site. A summary of drilling and testing records
compiled largely from data recorded by Arctic Con-
tractors’ engineer, Marvin Heany, is given below. Gas
analyses made by the U. S. Bureau of Mines’ Petroleum
Experiment Station at Bartlesville, Okla., are also
included.

Notes from drilling records
Depth (feet) Remarks

49 . An 1134-in. 45-1b casing was set at 48 ft with 21
sacks of Cal-Seal poured around the casing,
cementing it solidly to the wall of the hole.

210 .. ______ Fresh water was used as a drilling fluid to 210 ft;
below that depth, brine made of 35 1b of salt
per bbl of water was used.

378 . An 8-ft section of the bailer dump stem was lost
in the hole and then drilled up.
863 . ______ A slight flow of gas was noted at 863 ft; the closed-

in pressure at the surface was 401b after 5 min,
in spite of a leaking 10-in. ram,

865 .. Operations were shut down for 3 days, waiting
for a new ram. The gas flow was then tested
with a eritical flow prover and results are given

below.
Pressure | Tempera- | Volume
Orifice (in.) (psi) ture (°F) | (cu ft per
day)
7 20.2 14 116, 000
Y 32.5 25 71,100
TN 42,75 22.5 21, 250

The gas recovered during this test contained 4.4
percent noncondensables, 95.1 percent meth-
ane, 0.2 percent ethane, and 0.3 percent pro-

pane, by volume, according to an analysis by
the U. S. Bureau of Mines. After the test the
well was killed with 200 ft of salt water, and
drilling was resumed.

Gas started to flow while the tools were being
withdrawn from the hole, and an explosion set
fire to the canvas rig housing, destroying it and
electrical connections and belts. The rig was
not seriously damaged, and drilling started
again after 2 days for repairs, during which the
10-in. gate was replaced with a 1134-in. high-
pressure gate. The hole was filled to 200 ft
with brine,

Fluid was bailed from the hole, the rams closed
and the well shut in. Pressure rose to 60 psi
in an hour, and to°70 psi at the end of the
second hour. The rams were opened and the
gas bled off. The hole was found dry, and
drilling was continued.

Show of gas in sandstone at 1,152 to 1,175 ft.
The flow of gas increased while the hole was being

driiled at 1,491 ft. After coring from 1,492 to
1,496 ft, the gate valve was shut and pressure
built up to 60 1b in 30 min,

While a core was being taken at 1,500 ft, the core

barrel assembly was lost in the hole and could
not be recovered. After waiting a day for a
2-in. critical flow prover and electric logging
equipment, a test of the gas flow gave the
following results:

Pressure | Tempera- | Volume
Orifice (in.) (psi) ture (° F) | (cu {t per
day)
B eaa 53 33 881, 300
D 2 T 100 35 397,100

The gas was analyzed by the U. S. Bureau of

Mines and found to contain 0.15 percent nitro-
gen, 99.55 percent methane, 0.15 percent
ethane, and 0.15 percent propane. After the
test the hole was filled with fresh waler. The
flow of gas stopped and the rock absorbed some
of the water. An eleetric log from 437 to 1,407
ft was made with hand-recording Schlumberger
equipment, and the water level was located at
330 ft. The fresh water in the hole apparently
affected the spontaneous potential, so the curve
does mnot clearly reflect lithologic changes.
Bridges at 820-850 and 1,325-1,475 ft were
cleaned out, and the hole again filled with fresh
water. After making an electric log from 1,400
to 1,450 ft, the hole was shut in and abandoned.
The top of the casing, at ground level, was sur-
mounted by a collar, a nipple, a flange, and a
flanged gate. A 2-in. collar is welded into the
nipple and a small nipple and 125 psi brass gate
valve projeet from the collar.

The 25 bits used to drill the well were redressed at

the well site by hard-surface welding. A Baker
cable-tool core bit 6 was used for coring, and 3
core heads took 51 ft of core, of which 17 ft were
recovered.
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WOLF CREEK TEST WELL 2
Location : Lat 69°24’17’’ N,, long 153°31'15’' W.
Elevation above sea level: Ground, 437 feet; derrick floor, 443
feet.
Spudded : June 6, 1951.
Completed: July 1, 1951; dry and abandoned.
Total depth : 1,618 feet.

Wolf Creek test well 2 is about 114 miles north of
Wolf Creek test well 1, on the north flank of the Wolf
Creek anticline. The purpose of the well was to de-
termine whether the gas-bearing sandstone beds pene-
trated in Wolf Creek test well 1 contained oil in a lower
structural location. A weak blow of gas at 768 feet and
a slight show of gas in the shale of core 2 (768-770
feet) were the only evidence of hydrocarbons in the
well. A sandstone bed from 940 to 960 feet produced
20 gallons of water per hour. The water had a sodium-
chloride content of 9,405 parts per million. A few sand-
stone beds in the upper part of the hole appeared perme-
able, but most are very argillaceous and silty. Sand-
stone cores were too badly broken to be suitable for
testing.

Wolf Creek test well 2 is 213 feet lower structually
than Wolf Creek test well 1 and is the only Wolf Creek
test to penetrate beds of the Seabee formation (Colville
group, Upper Cretaceous, 45 to 130 feet) beneath the
mantle of alluvial gravel and clay (6 to 45 feet). The
drill passed through the Ninuluk formation (130 to 650
feet) and the Killik tongue of the Chandler forma-
tion (650 to 1,545 feet) into the upper part of the
Grandstand formation (1,545-1,618 feet). The great-
est depth to which the rig could drill was 1,618 feet, and
the well was abandoned without reaching the base of
the Grandstand formation.

DESCRIPTION OF CORES AND CUTTINGS

Descriptions of the rocks penetrated in Wolf Creek
test well 2 are based on examinafion of cores and cutting
samples. Composition as shown on the graphic log,
however, is determined in part by interpretation of the
electric log. The material was described dry, and
colors were determined by comparison with the Rock
Color Chart (Goddard and others, 1948). The depths
were measured from the top of the derrick floor.

Abundance of microfossil specimens given in each
core description is defined as follows: 1-4, very rare;
4-11, rare; 12-25, common ; 26-50, abundant ; more than
50, very abundant.

453

Lithologic description

[Where no core is listed, description is based on cutting samples]

Core

Depth (feet)

Remarks

0-6
6-15

15-25

25-45

45-75

75-80

80-90

90-120

120-130

130-140

140-150
150-160

160-170

170-180

Derriek floor to ground level.

“Tundra, clay, silt, and ice.”” From a report
by Arctic Contractors’ well geologist.
Sand and gravel; grains medium sand size
to three-eighths inch in diameter, com-
posed of yellow and black chert; well
rounded or rarely subangular, with rare
white chert and milky quartz. Some
broken pebbles and concentrically ringed
concretions of clay ironstone, dark red
(hematitic) and grayish-yellow (lim-
onitic). A small amount of very fine
to coarse sand, consisting of subangular
grains of white and clear quartz with

some chert and ironstone.

Clay, light-olive-gray, very slightly and
very finely micaceous, noncalcareous;
some gravel (cavings from above?).

Clay shale, medium- to medium-light-gray,
slightly micaceous, noncalcareous; some
light-gray silty bentonitic laminae near
base; rare clay ironstone. Top of Seabee
formation at 45 ft.

Bentonite, very light-yellowish-gray, unc-
tuous; plastic when wet; euhedral biotite
and flat, angular quartz grains are com-
mon.

Clay shale, as above; olive- and medium-
gray very argillaceous slightly mica-
ceous noncalcareous siltstone. Some
light-olive-gray very fine-grained very
silty slightly argillaceous calcareous hard
sandstone; olive tinge caused by limonitic
cement.

Siltstone, olive- and medium-gray. Sandy
in lower part, with some shale and a
minor amount of clay ironstone.

Siltstone, medium-gray; some very fine- to
fine-grained friable sandstone composed
of subangular white and clear quartz
grains.

Clay shale, medium-dark-gray; some silt~
stone that has clay laminae. Top of
Ninuluk formation at 130 ft.

Clay ironstone, some medium-light-gray
and black clay shale, siltstone, and coal.

Siltstone, medium-light-gray; with thin
beds of light-olive-gray siltstone.

Clay shale, medium-gray; a minor amount
of dark-red clay ironstone, coal, and
black shale.

Bentonite, light-gray, as in interval from
75-80 ft; a small amount of clay shale.
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Lithologic description—Continued

Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks

- 180-190 | Coal, and gray and black clay shale. S 615-625 | Siltstone, sandy; grades to very fine-

R 190-200 | Sandstone, medium-light-gray, very cal- grained, silty sandstone.
careous; like sandstone at 80-90 ft but | ____ 625-635 | Sandstone, light-gray, fine-grained, non-
lacking limonitic cement; some siltstone. argillaceous, noncaleareous; a small

- 200-220 | Clay shale, medium-light-gray, calcareous amount of clay shale.
in part; some medium-light-gray partly | -__. 635-645 | Siltstone, medium-gray; with sand and clay
calcareous siltstone. shale.

———- 220-240 | Clay shale, dark- to medium-dark-gray. I 645-655 | Clay shale, medium- to medium-dark-

——- 240-260 | Siltstone, medium-light-gray, very to gray, nonmicaceous, noncalcareous; streaks
slightly argillaceous, slightly calcareous; of siltstone. Top of Killik tongue of
clay shale in upper half. Chandler formation at 650 ft.

e 260-280 | Sandstone, very fine-grained, very silty, | _.._ 655—675 | Siltstone, some clay shale, especially in
nonmicaceous, calcareous; beds of silt- upper 10 ft; rare coal and black shale
stone in upper 10 ft. in upper 10 ft; a few pieces of ben-

e 280-290 | Clay shale, medium-dark-gray; with silt- tonite (?).
stone, sandstone, grayish-yellow eclay | -.__ 675-685 | Coal and black shale, some siltstone, and
ironstone, black shale, and coal. a small amount of clay shale.

—— 290-310 | Siltstone, with some clay shale and sand- | ____ 685-695 | Siltstone, some clay shale and rare light-
stone. olive-gray very fine-grained very silty

——- 310-320 | Coal, black, shiny; blocky to subconchoidal sandstone. -
fracture; shaly cleavage; a small amount | ____ 695—705 | Siltstone and clay shale, with a little coal
of bentonite and clay shale. and black shale.

—_—— 320-360 | Sandstone, light-gray, very fine-grained, | ____ 705-715 | Clay shale.
becoming fine-grained with depth, | ____ 715-725 | Clay shale, with siltstone, sandstone, and
slightly argillaceous, noncalcareous; com- some clay ironstone.
posed of subrounded white and eclear | .___ 725-742 | Siltstone and sandstone, olive-gray, very
quartz, with gray chert and dark rock silty; carbonaceous laminae.
fragments; carbonaceous flakes present; 1 742-745 | Recovered 6 in.: Microfossils absent.

a few yellow grains; no limonitic cement. Clay shale, medium-gray, silty,

e 360-380 | Siltstone, medium-gray, very argillaceous, slightly micaceous, calecareous; poor
slightly calcareous in part; medium-gray shaly cleavage.
clay shale in lower 10 ft. ——— 745-750 | Clay shale, calcareous in part; some

S 380-410 | Clay shale, medium-gray, nonmicaceous, siltstone and clay ironstone.
noncalcareous; some sandstone and silt- | ____ 750-755 | Coal and sandstone, fine- to medium-
stone in lower 10 ft. grained, calcareous; with gray and black

———— 410-425 | Sandstone, very fine- to fine-grained, clay shale.
friable; composed of white and clear | ____ 755-760 | Siltstone.
quartz grains, rarely frosted, with some | ____ 760-765 | Clay shale and siltstone, some sandstone,
gray and black chert and dark rock and a small amount of clay ironstone.
fragments. ——— 765~768 | Clay shale, with streaks of siltstone.

——— 425-430 | No sample. 2 768-770 | Recovered 5 in.: Microfossils absent.

——- 430-440 | Clay shale with siltstone. Claystone, (one fragment), medium-

—— 440-450 | Siltstone, sandy, very fine-grained, very gray, very silty, slightly miecaceous,
silty and argillaceous; grades to sand- noncalcareous; rare carbonaceous
stone; a small amount of shale. flakes, and one grain of amber.

——- 450-500 | Clay shale, medium- to medium-dark-gray, | - 770-775 | Coal, black and gray clay shale, and
very uniform, nonmicaceous; a small siltstone.
amount of siltstone in the top 10 ft. . 775-790 | Clay shale, with some sandstone at 780-

- 500-525 | Sandstone, very fine- to fine-grained, 785 ft.
friable, as in sandstone at 410 ft. R 790-795 | Clay shale, siltstone, and a little sandstone

———- 525-535 | Clay shale, medium-gray, silty in part. S 795800 | Siltstone, with some clay shale.

——- 535-545 | Limestone, medium-gray, argillaceous, | .- 800-810 | Clay shale, with some silistone in the
dense; with siltstone, clay shale, and upper part.
minor amounts of coal and ironstone. ———- 810-815 | Clay shale, with siltstone and very fine-

N, 545-565 | Clay shale. grained very silty sandstone.

mm 565-585 | Sandstone, mostly very fine-grained, some | ____ 815-825 | Clay shale, with some siltstone and coal
fine-grained, silty, carbonaceous; coal in the lower 5 ft.
increases with depth. - 825-830 | Siltstone and clay shale.

——- 585-615 | Clay shale, with siltstone and sandstone, | _.__ 830-835 | Clay shale, dark-gray, silty, carbonaceous;

light-olive-gray, very fine-grained, silty.

grades into siltstone.
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Core Depth (feet) Remarks Core Depth (feet) Remarks

———— 835—-840 | Clay shale, medium-gray; a little coal and ate are present 1 ft below the top and
black shale. 6 in. above the base of the core; they

———— 840-850 | Clay shale, bentonitic; with black shale in consist of subangular to rounded chips
the upper half. (as much as 1 in. in diameter) of me-

———- 850-860 | Coal, with black shale, and siltstone. dium-gray clay shale, light-yellowish-
Siltstone is brownish red with black gray clay ironstone, and coal, in a
sand-size coal particles. sandstone matrix.

———— 860-865 | Claystone, light-gray, waxy; slickensides; | -.__ 968-970 | No sample,
medium-light-gray very fine-grained very | -___ 970-990 | Clay shale, medium-dark-gray, very silty;
silty and argillaceous mnoncalcareous some siltstone in upper part.
sandstone. . 990-995 | Sandstone, with siltstone and clay shale.

—_— 865-880 | Clay shale, medium-light- to medium-dark- | ____| 995-1,000 | Clay shale, medium- to medium-dark-gray.
gray. ----| 1,000-1, 005 | Sandstone, with some siltstone.

c——- 880-885 | Siltstone, medium-light-gray, and clay 6 | 1,005-1,010 | Recovered 5 ft: Microfossils absent.
shale. Clay shale, medium- to medium-dark-

——- 885890 | Claystone, medium-light-gray, slightly gray, silty, slightly micaceous, non-
waxy, noncalcareous, nonbentonitic. calcareous; rare flakes of carbonaceous

——— 890-895 | Siltstone, medium-gray; a few reddish- material; laminae of medium-gray silt-
brown siltstone fragments. stone are rare at the top, more numer-

———- 895-900 | Sandstone, very fine-grained, very silty ous, thicker, and sandy at the base of
and argillaceous, noncalcareous; some the section.
siltstone and streaks of clay shale. —---| 1,010-1,015 | Siltstone.

—- 900-920 | Clay shale, medium- to medium-dark-gray, | ____| 1,015-1,030 | Ciay shale, medium-light- and medium-
silty in part. dark-gray, with medium-gray siltstone

_——— 920-925 | Coal. in lower 10 ft.

R 925-935 | Sandstone, medium-gray, very fine-grained, | ....| 1,030-1,035 | Coal, with a little black shale.
silty, argillaceous, noncalcareous; a [ ._._| 1,035-1,045 | Clay shale, medium-gray; and medium-
small amount of siltstone and coal. light-gray siltstone.

———— 935-940 | Siltstone. | 1,045-1,050 | Clay shale, with some clay ironstone.

———— 940-943 | Sandstone, light-gray, very fine-grained, | .___| 1,050-1,075 | Clay shale, medium-light~- to medium-
silty, nonecalcareous; siltstone and some dark-gray, slightly silty, medium-dark-
clay shale. gray siltstone at 1,065-1,070 ft.

3 943-946 | Recovered 2 ft: Microfossils absent. -—--| 1,075-1,085 | Siltstone, medium-dark-gray; with clay

1 ft 6 in., sandstone, medium-light-gray, shale in the lower part.
fine-grained, very silty and argilla- | ____| 1,085-1,090 | Clay shale, with a small amount of silt-
ceous, micaceous, noncalcareous; stone.
grains are composed of clear and white | ____| 1,090~1, 105 | Clay shale, siltstone, and sandstone, me-
quartz, white and gray chert, dark dium-light-gray, very fine-grained, silty,
rock fragments, and rare carbona- argilaceous; with carbonaceous laminae.
ceous material. ----| 1,105-1, 115 | Clay shale, medium-gray.

6 in,, clay shale fragments, medium- | ____| 1,115-1,120 | Coal.
dark-gray, slightly silty, slightly mica- | ._.__| 1,120-1, 135 | Coal and black shale.
ceous, noncalcareous; rare carbona- | -.__| 1,135-1,165 | Clay shale, medium-gray; with streaks of
ceous particles. coal, black shale, and some clay iron-

——— 946-955 | Sandstone, as in core 3. stone in the upper part; some siltstone in

c——— 955-960 | Clay shale, with clay ironstone and streaks the lower 15 ft. A small amount of tan
of sandstone. waxy nonbentonitic noncalcareous clay

4 960-963 | No recovery. is at 1,160-1,165 ft.

5 963-968 | Recovered 5 ft: Microfossils absent. -—-_| 1,165-1,170 | Clay shale, medium-gray and black, and

Sandstone, medium-light-gray, medium- siltstone.

grained, salt and pepper, argillaceous, | --__| 1,170-1,175 | Sandstone, with black shale and siltstone.
slightly micaceous, noncalcareous; the | -.__| 1,175-1, 180 | Siltstone.
subangular to subrounded grains are | ____| 1,180-1,195 | Clay shale, with some siltstone and sand-
composed of white and clear quartz, stone at the base.
white and gray chert, and dark rock | --..| 1,195-1,203 | Siltstone, with some sandstone and shale.
fragments. Flakes and fragments of 7 | 1,203-1, 208 | Recovered 5 ft: Microfossils absent.

carbonaceous materiai are common
throughout. Two layers, 2 to 3 in.
thick, of intraformational conglomer-

1 ft 8 in., clay shale, as in the upper part
of core 6; an ironstone concretion 6 in,
below the top.
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Core Depth (feet) Remarks Core Depth (feet) Remarks

1 ft 4 in., interlaminated coal and eclay | -__.| 1, 450-1, 455 | Clay ironstone and sandstone, with clay
shale, dark-gray, nonmicaceous, non- shale and siltstone.
calcareous; a few small curved slicken- | ____[ 1, 455-1, 460 | Siltstone, with some clay shale and a small
sides, probably caused by minor slips amount of sandstone and clay ironstone.
during compaction. ----| 1,460-1, 490 | Clay shale, with carbonaceous flakes; some

7 in., clay shale, medium-gray, very siltstone, and sandstone at 1,465-1,470
silty, micaceous, noncalcareous; grades and 1,485-1,490 ft.
through medium-light-gray siltstone | -___| 1, 490-1, 505 | Siltstone, with some clay shale; coal in
to unit below. lower 5 ft.

1 ft 5 in., sandstone, medium-light-gray, | ----| 1, 505-1, 510 | Clay shale, with rare siltstone.
very fine- to fine-grained, very argilla- | ---_[ 1, 510-1, 520 | Clay shale, gray and black, with coal; silt-
ceous, slightly micaceous, noncalca- stone in lower half.
reous; composed of white and clear | ----| 1, 520-1, 525 | Siltstone, clay shale, and sandstone.
quartz, white and gray chert, with rare | ----| 1, 525-1, 530 | Clay shale, with rare sandstone and silt-
dark rock and coal particles. stone.

8 | 1,208-1, 211 | Recovered 3 ft: Microfossils absent. ----] 1,530-1, 535 | No sample.

1 ft 7 in., sandstone, as above. Grades | ---.| 1, 535-1, 545 | Clay shale and siltstone; some sandstone
into unit below. in upper 5 ft.

1 ft 5 in., siltstone, interbedded with | ---.| 1, 545-1, 555 | Clay shale, with a small amount of silt-
clay shale; siltstone is medium light stone. Top of Grandstand formation is
gray, noncalcareous, slightly mica- placed at 1,545 ft.
ceous, and slightly sandy; clay shale [ ----| 1, 555-1, 560 | Siltstone, with clay shale and sandstone.
is medium, gray, noncaleareous, with a | ----| 1,560-1, 575 | Clay shale, with some sandstone, black
few carbonaceous partings. shale, and clay ironstone.

--—-| 1,211-1, 215 | Siltstone, with some sandstone and shale. ----| 1,575-1, 585 | Siltstone, with clay shale, and a small

_---| 1,215-1, 235 | Clay shale, medium-gray. amount of black shale and sandstone.

----| 1,235-1, 255 | Clay shale, with some sandstone; grades to | ---.[ 1, 585-1, 593 | Coal and gray shale, a small amount of
sandstone with a little siltstone and black shale.

shale. —---| 1,593-1, 600 | Sandstone, medium-light-gray, very fine-

—---| 1,255-1, 260 | Clay shale, with some siltstone. to fine-grained, micaceous, noncalcare-
----| 1,260-1, 275 | Sandstone, with siltstone and clay shale in ous; with siltstone and clay shale.
the upper 5 ft. ----| 1,600-1, 605 | Clay shale, with streaks of siltstone.
--—-| 1,275-1, 280 | Clay shale, medium-~gray. _---| 1,605-1,610 | Sandstone, medium-light-gray, very fine-
-_--| 1,280-1, 300 | Siltstone, medium-light-gray. to fine-grained, noncalcareous; some silt-
_---| 1,300-1, 310 | Clay shale, with a very small amount of stone and clay shale.
light-yellowish-gray clay shale. -w--| 1,610-1, 615 | Siltstone, with some clay shale.
_---| 1,310-1, 320 | Siltstone, with clay shale, and some sand- 10 | 1, 615-1, 618 | Recovered 1 ft: Core not received in Fair-
stone. banks laboratory; rock deseribed by well
----{ 1,320-1, 330 | Clay shale. geologist as ‘‘clay shale, dark-gray,
----| 1,330-1, 335 | Siltstone. slightly sandy, very slightly carbona-
----] 1,335-1, 380 | Clay shale, with rare siltstone. ceous, hard.”
----] 1,380-1,390 | Clay shale, medium-gray; with siltstone,
and rare coal, and black shale.
----| 1,390-1, 396 | Siltstone, with some sandstone and clay
shale. LOGISTICS AND DRILLING OPERATIONS
91 1,396-1, 400 | Recovered 4 ft: Microfossils absent. .

1 ft 6 in., clay shale, medium-dark-gray, The crew and equipment used in drilling Wolf Creek
noncalcareous, nonmicaceous. test well 2 were the same as those for the first Wolf

2 f:fclol; ?ndsmne’ asin the upper part | (ol test. The water supply for the second hole was

--—_| 1,400-1, 405 | Clay shale, with some sandstone and silt- | taken from Wolf Creek with a stationary pump and was
stone in the lower half. not measured; petroleum products consumed included

----| 1,405-1, 410 Sa;ff:ne’ with some siltstone and clay | 3 899 oallons of diesel fuel, 207 gallons of gasoline, 17.5

-—--| 1,410-1, 415 | Clay shale. gallons of lubricating oil, and 18 pounds of grease.

———— 1, 415—1, 440 Clay Shal:,tsilty; some siltstone in the The drilling Operations Summarized below were re-

upper part. . .

----| 1,440-1, 450 | Clay shale and siltstone, as above, with a corded by Marvin A. Heany, Arctic Contractors’

little coal.

petroleum engineer.
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Notes from drilling records
Depth (feet) Remarks

X Set 53 ft of 11%-in. 54-Ib seamless 8-thread
casing at 53 ft, and cemented it with 7 sacks of
Cal-Seal poured between the casing and the wall
of the hole.

60 _________ Drilling fluid was changed from fresh water to
brine made of 25 to 35 Ib of salt per bbl of
water.

725 .. Bits 7, 8, 9, and 10 were battered in drilling
through hard rock at 725-726 ft.

768 . A slight show of gas was noted while drilling at
768 ft.

900 - _______ Below 900 ft, salt was added to the water at
irregular intervals and in amounts less than 20
1b per bbl of water, because of the difficulty of
keeping an adequate supply of salt at the rig.

961 ________ Water entered the hole from a sandstone bed at
940-960 ft. A 3-hr bailing test showed it to be
entering at a rate of 20 gal per hr. Salinity
was 9,400 parts per million sodium chloride,

980 oo Broke sand-line sheave and installed new one in

4 hr. Bailing showed that water was entering
the hole at a rate of 20 gal per hr.
1,060_--_____ Water was shown by bailing test to be still enter-
ing the hole at the same rate as before.
1,155 ___ The dump-bailer chain was lost in the hole, but
drilling proceeded past it with no difficulty.
1,185 _ Water entering the hole decreased to 10 gal per hr.
1,280 _____ The drive shaft operating the drawworks from

the power unit was twisted off, and operations
were shut down 39 hr for repairs. The hole
was then found to be bridged at 1,160 ft and,
after cleaning it out to 1,280 ft, 27 bailers of
mud and water were recovered. The water
contained 9,405 parts per million sodium

chloride.
1,400 ___. Changed to a lighter string of stem and jars.
1,600 . .___ The Baker core barrel was lowered in the hole, but

it did not get to the bottom because of caving
shale. The hole was cleaned out to the bottom
with bit 25. The hole was crooked and caused
the drilling line to wear excessively.

1,618 ... After coring from 1,615 to 1,618 ft, the hole was
filled with fresh water, but a large amount was
absorbed by the rock, and the water level could
not be brought above 241 ft. The fresh water
caused the rock to cave, and the sonde for the
electric log could not be lowered past 1,128 ft.
As in Wolf Creek test well 1, the fresh water
apparently affected the self-potential curve, so
that it did not clearly reflect lithologic changes.
A 11¥%-in. collar was placed on top of the casing
at ground level, and the well was abandoned.

WOLF CREEK TEST WELL 3
Location: Lat 69°23'11’’ N., long 153°31'25"" W.
Elevation: Ground, 782 feet; kelly bushing, 750 feet.
Spudded : August 20, 1952.
Completed : November 3, 1952; dry and abandoned.
Total depth: 8,760 feet.

Wolf Creek test well 8, the second test on the crest
of the anticline, was planned to test the sandstone beds
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of the Grandstand formation which were oil-bearing in
the Umiat field and which were not reached by the
first two Wolf Creek wells. The well is 485 feet west
of Wolf Creek test well 1 and is in a similar structural
position, being only 30 feet lower structurally than the
first test.

Below 12 feet -of unsampled deposits, possibly
alluvium (18 to 30 feet), the hole went through the
Ninuluk formation (30 to 500 feet), the Killik tongue
of the Chandler formation (500 to 1,400 feet), the
Grandstand formation (1,400 to 2,760 feet), and 1,000
feet of the Topagoruk formation before being aban-
doned at 3,760 feet.

Because Wolf Creek test well 1 was an adequate test
of the beds above 1,500 feet, no cores or tests were made
in Wolf Creek test well 8 above that depth. A few
shows of gas were obtained in 5 formation tests between
1,500 and 2,100 feet. The quantity of gas available
appeared sufficient to heat a small camp in the vicinity
but was inadequate for commercial use. Below 2,100
feet only 2 of 5 formation tests recovered any petro-
leum—a very weak blow of gas in 1 case and 2 gallons
of oil in the other. The oil may have come from the
oil-emulsion mud with which the hole was drilled.

DESCRIPTION OF CORES AND CUTTINGS

Descriptions of the rocks penetrated in Wolf Creek
test well 3 are based on examinations of cores and
cutting samples. Composition as shown on the graphic
log, however, is determined in part by interpretation
of the electric log. The material was described dry,
and colors were determined by comparison with the
Rock Color Chart (Goddard and others, 1948), The
depths were measured from the top of the kelly
bushing.

Abundance of microfossil specimens mentioned at
the beginning of each core description is defined as fol-
lows: 1-4, very rare; 5-11, rare; 12-25, common ; 26-50,
abundant ; more than 50, very abundant.

Lithologic description
[Where no core is listed, description is based on cutting samples]

Core Depth (feet) Remarks

0-18
18-30
30-40

Kelly bushing to ground level.

No sample.

Sandstone, medium-light-gray, very fine-
grained, slightly argillaceous and silty,
slightly calcareous; some grayish-yellow
argillaceous calcareous siltstone that
grades to very fine-grained sandstone.
Top of Ninuluk formation at 30 ft.

Claystone, medium-gray, slightly silty,
slightly calecareous, nonmicaceous; and
sandstone as above, with very small
amount siltstone in upper part.

40-60
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Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks

U 60-70 | Claystone, as above; and medium-dark- | ____ 360-370 | Sandstone, light-gray, very fine- to fine-
gray slightly silty in part nonmicaceous grained, slightly silty, noncalcareous;
clay shale. some clay shale and claystone.

I 70-90 | Clay shale, as above; with claystoneand a | ... 370-380 | Sandstone, very fine-grained, silty, argil-
small amount of sandstone and grayish- laceous, micaceous.
yellow noncalcareous clay ironstone with | ... 380-390 | Clay shale, medium-dark-gray; a very
conchoidal fracture in the lower half. small amount siltstone and claystone.

——- 90-100 | Siltstone, medium-light-gray, slightly cal- | ... 390-400 | Siltstone, claystone, and clay shale, with a
careous, argillaceous. very small amount sandstone.

———— 100-110 | Siltstone, with claystone and clay shale as | ... 400-430 | Clay shale, medium-dark-gray, noncal-
described above. careous.

——— 110-120 | Clay shale; with very fine grained slightly | ._.. 430-460 | Sandstone, very fine-grained, salt and
calecareous to calcareous sandstone; and pepper, slightly silty, noncalcareous; it
siltstone; and a trace of claystone and is fine grained in upper 10 ft with a
clay ironstone. trace of clay shale.

——- 120-130 | Siltstone, with a small amount clsy shale. | ... 460-500 | Sandstone, very fine-grained, very silty

——— 130-140 | Clay shale, medium-dark-gray; and black and argillaceous, slightly calcareous in
clay shale with coaly partings; some silt- part; a small amount clay shale at 460—
stone, and a trace of coal. 480 and 490-500 ft, and a trace of clay

———— 140-150 | Siltstone, with a very small amount clay ironstone at 480490 ft.
shale, clay ironstone, and sandstone. - 500-530 | Clay shale, medium-dark- to dark-gray;

——— 150-160 | Siltstone, and clay shale. a small amount medium-gray siltstone

R 160-170 | Sandstone, yellowish-gray, fine-grained, and sandstone and a trace of clay
salt and pepper, very slightly argillaceous ironstone at 500-510 ft. Top of Killik
and silty, noncaleareous, friable; some tongue of Chandler formation at 500 ft.
siltstone and a trace of black shale, coal, | ____ 530-540 | Clay shale, with some eclaystone, trace
and white and pinkish-white bentonite. of siltstone and sandstone.

——— 170-180 | Siltstone, partly sandy, noncalcareous; | -_-_ 540-560 | Siltstone, with clay shale, and some
trace of sandstone and clay ironstone. slightly calcareous to calcareous sand-

c——n 180-210 | Sandsione, as above, slightly calcareous in stone.
part; composed of white and clear quartz, | -_.. 560-570 | Clay shale, with siltstone.
gray chert, brown and dark rock frag- | ..__ 570-580 | Clay shale, with some siltstone, a very
ments, and rare green grains. Grains small amount sandstone and claystone,
are angular to subangular, commonly and traces clay ironstone, black shale,
frosted. Some slightly calcareous clay- and coal.
stone in the lower 10 ft. ———— 580-590 | Sandstone, siltstone, and shale.

- 210-230 | Sandstone, as above, but fine- to medium- { ..._. 590-600 | Siltstone and sandstone, medium-light-
grained; some claystone in the bottom gray, very argillaceous, slightly cal-
half. Electric log indicates claystone at careous in part.

210-240 ft. ——- 600-610 | Siltstone, a small amount of sandstone

——— 230-240 | Sandstone, fine-grained, not silty or argil- and clay shale.
laceous; very slightly calcareous; a very | .... 610-620 | Sandstone, noncalcareous, with siltstone
small amount claystone is slightly cal- and clay shale.
careous to very calcareous. e 620-630 | Clay shale, silty; and siltstone, with a

- 240-250 | Claystone, with some sandstone as above. a trace of sandstone.

250-290 | Sandstone, light-gray, fine- to medium- | ____ 630-685 | Clay shale, medium-dark-gray, silty; a
grained, salt and pepper, nonsilty, small amount of slightly calcareous
noncalcareous, a large proportion of siltstone.
rock fragments in the sand grains. | | 685700 | Clay shale, medium-dark-gray, slightly
Medium-gray calcareous claystone is it
very rare. S .

———- 290-300 | Sandstone, as above; with some claystone. | ~=~~ 700-740 | Clay shale, with some black shale and coal.

S 300-360 | Claystone, medium-gray, slightly calcar- | ---- 740-790 | Clay shale, medium-dark-gray, slightly
eous, and some medium-dark-gray non- silty in part, noncalcareous. A trace
calcareous clay shale; grades with of sandstone at 760-770 ft composed
depth to a greater amount of clay shale of clear quartz. A small amount black
and less claystone. A small amount shale and trace of coal in the lower 20 ft.
of siltstone is at 320-340 ft, and a small | ____ 790-800 | Siltstone, medium-light-gray, very argil-

amount of sandstone at 310-320 and
340-360 ft.

laceous, noncalcareous; a small amount
clay shale and sandstone.
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Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks

- 800-810 | Sandstone and siltstone; a very small | ____| 1, 150-1, 160 | Siltstone, argillaceous; grades to silty clay
amount clay shale. shale.

——— 810-830 | Clay shale, silty; grades to siltstone; | __-_| 1, 160-1, 250 | Clay shale, very silty in upper part; a small
very fine-grained silty argillaceous mi- amount siltstone at 1,170-1,180 and
caceous siltstone and sandstone, with 1,230-1,240 ft, small amounts black clay
rare carbonaceous flakes. Sand grains shale at 1,180-1,190 and 1,200-1,220 ft,
are clear quartz, with some whife and small amounts medium-light-gray
quartz and rare rock fragments. very fine-grained very silty argillaceous

——— 830-840 | Clay shale, with a very small amount micaceous - noncalcareous sandstone at
black shale. 1,200-1,210 and 1,220-1,230 ft.

——— 840-850 | Clay shale, black; some medium-dark- | -___| 1,250-1, 260 | Siltstone, and clay shale.
gray clay shale, and a small amount coal. | ._.__| 1,260~1,290 | Clay shale, silty at base; a small amount

c——o 850-860 | Clay shale, with a small amount white siltstone at 1,260~1,280 ft.
siltstone having a sugary texture and | ---_| 1,290-1, 300 | Siltstone, medium-light-gray, sandy, argil-
composed of subangular clear clean laceous, micaceous, noncalcareous; some
quartz grains. clay shale.

——— 860-870 | Clay shale, a very small amount light-gray | ---.| 1,300~1, 330 | Clay shale, silty in the lower part; siltstone
very fine-grained noncalcareous sand- in the bottom 10 ft.
stone with a white silty matrix; com- | -___| 1,330-1, 340 | Sandstone, medium-light-gray, very fine-
posed of clear and white quartz with grained, very silty and argillaceous, mi-
very rare rock fragments. One piece caceous, noncalcareous. Electric log
very light-gray cherty limestone. indicates clay shale.

- 870-880 | Clay shale, silty, micaceous; with sand- | ____| 1,340-1, 350 | Clay shale, with a small amount clay iron-
stone as above. stone, and white very argillaceous bento-

R 880-890 | Sandstone, very fine-grained, as above; nite.
some clay shale. 1, 350-1, 370 | Clay shale, with some siltstone in bottom

———- 890-900 | Clay shale, silty. R ’ ?(3)7 £t ’

T 900-920 Sﬂ‘ff:;r;%alj reillaceous; - grades to silty ----| 1,370-1,380 | Clay shale with some sandstone, very

———— 920-940 | Clay shale, medium-dark-gray; some black sericitic. .
shale and a small amount coal which | ----| 1, 380-1, 390 | Sandstone, as above; with some clay shale.
increases slightly in the lower part. ----| 1,390-1, 410 | Clay shale, medium-dark-gray, slightly

———— 940-950 | Sandstone, very fine-grained, very argil- silty in part, noncalcareous. Top of
laceous and silty; grades to very sandy Grandstand formation at 1,400 ft.
siltstone; also clay shale. ----| 1,410-1, 420 | Clay shale and siltstone, a small amount

——— 950-960 | Clay shale, with black shale and coal, and sandstone.

a minor amount sandstone. : ;
. X —-—_| 1,420~1, 450 | Clay shale, medium and medium-dark-

——- 960-970 | Clay shale, with a minor amount black gray; a small amount siltstone at the top.
ghale and coal, and a trace of sandstone. 1. 450-1. 470 | C1 hal ith andstone. and a

——— 970-980 | Clay shale, medium- and medium-dark- | ~—~--| — =% ay S0a16, With Some Sands !

ap s minor amount siltstone.
gray, silty in part.

— 980990 | Sandstone, medium-light-gray, very fine- | ----| 1,470-1, 475 | No sample.
grained, silty, argillaceous, noncalcare- 11 1,475-1,495 | Recovered 20 ft: Microfossils very abun-
ous, sericitic; carbonaceous particles. dant.

-——-| 990-1,000 | Clay shale, with some black clay shale, and 4 ft 7 in., clay shale, medium-dark-gray,
a trace of coal. slightly silty, slightly micaceous; rare

----| 1,000-1,010 | Clay shale, with a trace of siltstone. streaks of argillaceous siltstone and

----| 1,010-1,020 | Clay shale, silty; with very argillaceous clay ironstone. Fair shaly cleavage
siltstone. indicates that the beds lie flat.

-=--| 1,020-1,050 | Clay shale, silty; a minor amount siltstone 11t 7 in., claystone, dark-gray, not silty
at the top. or micaceous; poor conchoidal fracture.

----| 1,050-1, 060 | Clay shale, with some siltstone. 2 ft 3 in., siltstone, medium- to medium-

----| 1,060-1,070 | Clay shale, with a trace of coal. light-gray, sandy in upper part, non-

----] 1,070-1,090 | Clay shale, medium-dark-gray; and me- calcareous; many laminae and inter-
dium-gray very argillaceous siltstone. calations of clay shale. Peleeypod

----| 1,090~1, 120 | Clay shale, with siltstone at 1,100-1,110 ft. shell fragment from 1,487 ft identified

-~--| 1,120-1, 130 | Siltstone; grades to clay shale. by Ralph W. Imlay as Lingula? sp.

——--| 1,130-1,150 | Sandstone, light-gray, very fine-grained, 7 in.,, clay shale, medium-dark-gray;

very argillaceous and silty, noncalcare-
ous; some siltstone at the base.

interlaminated with medium-light-
gray siltstone. Grades into unit below,
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Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

1, 495-1, 509

1, 509-1, 525

1, 525-1, 528

6 ft 7 in., claystone, medium-dark-gray,
silty, noncalcareous; poor conchoidal
fracture.

3 ft, claystone, medium-gray, noncal-
careous, hard; irregular intercalations
of siltstone, some of which have shal-
low wavy contacts resembling ripple
marks. Grades into unit below.

1 ft 1 in., sandstone, very fine-grained,
very argillaceous and silty, noncal-
careous; abundant faint slightly carbo-
naceous and argillaceous laminae
which are slightly erossbedded.

4 in., limestone, medium-gray, silty, very
argillaceous, dense.

Recovered 14 ft: Microfossils very abun-
dant.

3 ft 2 in., claystone, medium-dark-gray,
very silty, noncaleareous, hard; irregu-
lar cleavage. Grades into unit below.

5 ft 8 in., clay shale, medium-dark-gray,
noncaleareous; shaly to subconchoidal
cleavage. Less hard than claystone
above. There is a streak of clay iron-
stone at the top.

7 in., clay shale, medium-dark-gray;
abundant intercalations of medium-
light-gray siltstone; both noncalcare-
ous. Beds essentially lie flat.

4 ft 7 in., siltstone, medium-light-gray;
interlaminated with medium-dark-
gray noncalcareous clay shale; sand-
stone laminae in the lower part; some
is faintly crossbedded and lenticular.

Recovered 16 ft: Microfossils very abun-
dant,

1 ft, siltstone interlaminated with clay
shale, as above.

4 ft, clay shale, medium-dark-gray, very
slightly silty, noncalecareous; fair shaly
cleavage indicates that beds lie flat.
Grades into unit below.

11 ft, claystone, medium-dark-gray, non-
silty; subconchoidal fracture; abun-
dant pelecypod shells (including
Entolium sp. and Arciica? sp., identi-
fied by Ralph W. Imlay) and an
actinopterygian fish skeleton 1 in.
long, identified by David H. Dunkle,
U. 8. National Museum.

Recovered 2 ft 7 in.: Microfossils common.

2 ft 6 in., clay shale, as in core 3. A few
small streaks of sandstone in the basal
1 in. of clay shale.

1 in., sandstone, light-gray, salt and
pepper, fine-grained, argillaceous, non-
calecareous; sharp contact with over-
lying shale has ripplelike undulations.

1, 5281, 545

1, 545-1, 565

Recovered 17 ft: Microfossils common.

1 ft 5 in., Sandstone, medium-light-gray,
fine-grained with a few medium grains,
slightly silty and argillaceous, non-
calcareous; shaly cleavage (possibly
caused by variations in clay content of
matrix). Beds lie flat. Sand com-
posed of subangular grains of clear
and white quartz with some dark rock
fragments and rare carbonaceous par-
ticles.

1 ft 5 in., sandstone, as above, but with
abundant intercalations and irregular
laminae of medium-dark-gray clay
shale. Abundant coaly intercalations
and a %-in. coal bed are in a 2<in,
interval 1 ft below the top of this unit.
Grades into unit below.

1 ft, sandstone, as at top of core; poor
shaly cleavage.

1 ft 4 in,, claystone, medium-dark-gray,
silty, micaceous and mnoncalcareous,
in upper part.

3 ft, sandstone, as at the top of the core;
poor to fair shaly cleavage. Beds lie
flat. Quebracho staining suggests fair
permeability in the bottom 1 ft. No
cut or residue was obtained in CClL
from 1,533 ft. Effective porosity at
1,533 ft 10.62 percent; the rock is too
friable for a permeability test.

1 ft 5 in., sandstone, as above, but more
massive and very fine-grained in part;
common very fine laminae of coaly
and argillaceous material.

11 in., sandstone, as at top of core.

1 ft 6 in., sandstone, fine-grained, some
very fine grains; intercalations; lam-
inae and rare thin beds of argillaceous,
micaceous, and coaly material as in
the 1 ft 5-in. bed above. The top 3 in.
of sandstone is medium dark gray be-
cause of a concentration of carbon-
aceous particles.

7 in, sandstone, as at top of core.

3 ft 3 in., sandstone, as in 1 ft 6-in. bed
above. A sample from 1,543 ft had
no cut or residue in CCli. Effective
porosity at 1,543 ft 12.62 percent;
the rock is too friable for a perme-
ability test.

1 ft 2 in., sandstone, as at top of core.

Recovered 19 ft 9 in.: Microfossils com-
won in claystone.

2 ft 4 in., claystone; grades to clay shale
with poor shaly cleavage; both are
medium dark gray, noncalcareous,
slightly micaceous, and silty in upper
part.
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Core Depth (feet)

Remarks

7| 1,565-1, 583

1, 583-1, 590

1, 590-1, 634

1, 634-1, 640

—---| 1,640-1, 645
8| 1, 645-1, 665

17 ft 5 in., sandstone, medium-light-gray,
very fine- and fine-grained, noneal-
careous; fair shaly cleavage, as at top
of core 5. Quebracho staining sug-
gests fair permeability at 1,548-1,552
and 1,559-1,560 ft. No cut or residue
of oil was found in CCl, at 1,553 ft; a
yellowish greasy stain was present as a
residue at 1,563 ft, but no cut was
noticeable at that depth. At 1,553 ft
effective porosity 18.88 percent and
air permeability 305 millidarcys; at
1,563 ft effective porosity 11.05 per-
cent, and the rock is impermeable.

Recovered 18 ft: Microfossils abundant.

9 in., sandstone, as in core 6 above.

1 ft, claystone, medium-dark-gray, very
slightly silty, nonecalcareous; pyritized
wood fragment.

5 ft 3 in., sandstone, as in core 6 above,
very fine- to fine-grained; poor shaly
cleavage in the upper part, good in the
lower part; thin streaks and inter-
calations of medium-dark-gray clay
shale. No cut, but a yellowish greasy
stain was recovered in CCls at 1,570
ft. Effective porosity at 1,570 ft
16.44 percent; the rock is too friable
for a permeability test.

9 ft 8 in., clay shale, medium-dark-gray,
interbedded and interlaminated with
light-gray fine-grained sandstone and
medium-gray siltstone, in approxi-
mately equal proportions. Laminae
range from very even to very irregular
and lenticular. Beds lie essentially
flat.

1 ft 4 in., sandstone, as at top of core.

Clay shale, silty; with fine-grained slight-
ly silty sandstone, very slightly sericitic
in part, as in cores above.

Clay shale, dark- to medium-dark-gray,
silty and very slightly silty. There is a
trace of very fine-grained very slightly
argillaceous nonmicaceous sandstone
with sugary texture at 1,610-1,620 ft.

Clay shale; with some medium-light-gray
very fine- to fine-grained very slightly
silty noncalcareous sandstone; grains are
composed of clear quartz with some
white quartz.

Sandstone, as in sample above.

Recovered 20 ft: Microfossils abundant.

6 in., claystone, medium-dark-gray, non-
calcareous; silty laminae.

12 ft 8 in., sandstone, as at base of core 6.
Quebracho staining suggests fair per-
meability through most of this section
except the lower 1 ft which shows no
stain. A very faint cut and faint
greasy stain were obtained in CCly at
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Core

Depth (fest)

Remarks

10

1, 665-1, 670
1, 670-1, 710

1, 710-1, 715

1,715-1, 716
1, 716-1, 736

1, 736-1, 790

1, 790-1, 800

1, 800-1, 810

1, 810-1, 820

1, 820-1, 830

1, 830-1, 870

1, 870-1, 875

1,649 ft. Effective porosity at 1,649
ft 13.06 percent; the rock is too friable
for a permeability test. At 1,654 ft
effective porosity 13.89 percent and
air permeability 8.5 millidarcys.

6 ft 10 in., claystone, medium-dark-gray,
slightly silty in part; upper one-third
has scattered intercalations of silt-
stone showing swirly bedding. Frac-
ture irregular.

Recovered 6 in: Microfossils abundant.

Claystone, as at base of core 8.

Clay shale, medium-dark-gray, very slightly
silty.

Clay shale, with some sandstone, medium-
light-gray, fine-grained, silty, noncal-
careous; composed of clear and white
quartz with some rock fragments.

Sandstone, as above.
Recovered 17 ft 6 in.: Microfossils common.
11 ft 2 in., sandstone, medium-light-
gray, very fine- to fine-grained, very
silty and argillaceous, slightly calcare-
ous in part, massive. Sand is com-
posed of subangular grains of clear and
white quartz, with some dark rock
fragments and rare carbonaceous par-
ticles. Slight variations in carbona-
ceous particles and argillaceous ma-
terial cause faint very fine laminae
through most of the section. Between
1,728 and 1,729 ft is a section of
medium-gray slightly ecarbonaceous
siltstone, with a 1-in. bed of very
carbonaceous black siltstone 6 in. from
the top. A very faint cut and very
pale-yellow residue were obtained in
CClL from 1,719 ft. Effective porosity
and air permeability at 1,719 ft 6.77
percent and < 1 millidarey, respectively.
6 ft 4 in., claystone, as in cores 8 and 9.
Siltstone lenticles present in upper 3 ft.
Clay shale, medium-dark-gray, very slightly
silty; silty streaks in shale in bottom
10 ft.
Siltstone, medium-gray, sandy, noncal-
careous; a minor amount clay shale and
a trace of white slightly argillaceous
bentonite.
Clay shale, siltstone, with a minor amount
sandstone.
Siltstone, sandy; and silty siltstone, with
some clay shale.
Clay shale, with some sandy siltstone, and
a trace of silty sandstone.

- Clay shale, medium-dark-gray, very slightly

silty to silty; a minor amount sandstone
and siltstone at 1,860-1,870 ft.

Sandstone, as in core 11 below; some clay
shale.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
11 | 1,875-1,895 | Recovered 20 ft: Microfossils rare. rare dark rock fragments. Some
2 ft 4 in., sandstone, as at the top of core grains have unweathered overgrowths
10, but very fine-grained in the top of clear quartz, giving them a sub-
8 in., below which is a 3-in. bed of hedral shape.
medium-dark-gray claystone.
21t 8 in., Claystone,medium-dark-gray, Depth (feet) Effective poros-) Air permeability
interbedded with medium-gray faintly ity (percent) (millidarcys)
laminated siltstone. Beds are 2 to 8
in. thick, with equal proportions of 7.36 | Impermeable.
siltstone and claystone. 7.84 | <1 )
7 ft, claystone, as in core 10; but with lg'g; 2";’ friable.
subconchoidal fracture in the basal ) ’
2 ft.
1 ft 2 in., clay shale, medium-dark-gray; ! Core stained by quebracho.
similar to claystone above but with | 4 | 4 935 1 955 | Recovered 19 ft: Microfossils very abun-
fair shaly cleavage. Beds lie essen- dant
tlally. flat. . 4 ft, sandstone, as in core 13 above;
6 1t .10 in., sandstone, as in core 1_0; very irregular scattered intercalations of
faint cut and pale-yellow residue in clay ironstone; carbonaceous and
CCly ‘at 1’889. ft. At 1,894 ft th_e argillaceous material between 1,937-
effective porosity 14.22 percent, air 1.938 ft
permeability 18 millidarcys. 3 f’t 3 i£1 sandstone, as above but
12 | 1,895-1, 915 | Recovered 19 ft 6 in.: Microfossils very slightly cé)a rser: a%—iil. interval at top
rare. contains abundant small streaks of
Sanc'lstone, as at base of core 11; but clay ironstone and carbonaceous ma-
with poor shaly cleavage and rare terial. Basal 1 in. of sandstone is
intercalations of clay shale in lower very fine grained. At 1,040 ft effec-
- . ,
p am.rt. Quebx:a.cho. staining  suggests tive porosity 13.45 percent, and the
fair permeability in top 1 ft and from air permeability 24 millidarcys.
1’5.;99 to 1,901 ft. N? eut WaS,Ob' 11 ft 9 in., claystone, medium-dark-gray,
tained, butagreas.y stain was ol')tamed noncalcareous, slightly silty; irregular
from 1,898 t, a faint greasy stain from fracture; thin (less than 1 in.) beds of
1,904 £t, a ot e fr(:)m 1,914 ft. medium-gray siltstone in upper 6 in.
A very faint odor was noticed at 1,898 and fine silistone laminae in upper
and 1,904 ft. 1% £t
—--_| 1,955-1, 970 | Clay shale, rarely slightly silty.
Depth (feet) ‘Figec(tiggcgggs— Ai(giehrilgeabi%ty ____| 1,970-1,977 | Sandstone, fine-grained, salt and pepper,
it arevs. silty, argillaceous, noncalcareous.
15 | 1,977-1, 997 | Recovered 19 ft 6 in.: Microfossils absent.
;'ggf """""""" g ;‘1) ;;5 Sandstone, medium-light-gray, fine-
Lol 12.10 25 grained, silty, argillaceous, noncal-
careous; massive except for a 6-in.
bed at 1,988 ft that containg com-
13 | 1,915-1, 935 | Recovered 18 ft: Microfossils absent. mon carbonaceous partings. Que-

Sandstone, medium-light-gray, fine-
grained, silty and argillaceous, slightly
calcareous from 1,927 to 1,930 ft, and
noncalcareous elsewhere, massive; with
rare faint slightly darker slightly more
argillaceous sandstone laminae that
are crossbedded in some places. In
the upper half of the core, some units
that are 2 to 6 in. thick and 1 to 3 ft
apart show quebracho staining, which
suggests better permeability for these
units than for most of the sandstone.
Beds lie approximately flat. The
sandstone composed of subangular
commonly frosted grains of clear
quartz with some white quartz and

bracho staining in the upper 6 ft sug-
gests slightly better permeability in
that part of the core. Sandstone
becomes slightly finer, very argillace-
ous and silty with depth. The sand
is similar to that in core 13, but has
fewer subhedral grains and more white

quartz.
Depth (feet) Effective poros-| Air permeability
ity (percent) (millidarcys)
1,978 e eaee 2.77 | Impermeable.
1,985 o 11.76 | 3.8.
1,992 ... 8.28 | Impermeable.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
16 | 1,997-2, 014 | Recovered 17 ft: Microfossils absent. ding-plane breaks. The sand is com-

Sandstone, as in core 15; grades from posed of subangular grains of clear
fine to very fine grained with depth. quartz with some white quartz and
At 2,000 ft and 2,007 ft effective dark rock fragments. At 2,042 ft. effec-~
porosity 5.27 and 4.98 percent, re- tive porosity 4.44 percent, and rock
spectively; the rock at both depths is impermeable; at 2,050 ft porosity 10.6
impermeable. percent, and permeability <1 milli-

17 | 2,014-2, 017 | Recovered 3 ft: Microfossils absent. darey.

Sandstone, medium-light-gray, very fine- 21 | 2,057-2, 076 | Recovered 15 ft: Microfossils very rare.
to fine-grained, massive, noncalcare- Sandstone, as in core 20, slightly cal-
ous: at 2,015 ft effective porosity 2.52 careous in part; shaly cleavage from
percent, and rock is impermeable. 2,060 to 2,063 ft. Beds lie flat.

18 | 2,017-2, 033 | Recovered 16 ft: Microfossils absent. Below 2,063 ft the sandstone is more

12 ft, sandstone, medium-light-gray, massive but has common carbonaceous
very fine-grained, very silty and ar- and argillaceous laminae, some which
gillaceous, noncalcareous, massive. show slight crossbedding. A 1-in.
At 2,021 ft is a layer of rounded to bed of medium-dark-gray silty car-
well-rounded pebbles, ¥4 to 1% in. in bonaceous claystone is 2 ft above the
diameter, composed of black and gray base of core. At 2,062 ft effective
chert, light-gray hard noncaleareous porosity 11.97 percent, and rock is
sandstone, and one pebble of red and too friable for a permeability test.
dark-green chert. A 4-in. bed of | _.__|.2,076-2,095 | Clay shale, medium-dark-gray, slightly
medium-gray very silty claystone is silty in part; a very small amount of very
present 2 ft above the base of the fine-grained sandstone in the upper half.
sandstone. At 2,201 ft the effective | --__[.2,095-2, 113 | Sandstone and clay shale.
porosity 3.37 percent, and rock is 22 | 2,113-2, 133 | Recovered 20 ft: Microfossils absent.
impermeable. 1 ft 3 in., sandstone, as above; common

4 ft, siltstone, medium-gray, interbedded to abundant coaly streaks and part-
with medium-dark-gray noncalcareous ings.
claystone. Beds are 1 to 6 in. thick 18t 9 in., sandstone, medium-light-gray,
with approximately equal proportions very fine- to fine-grained, very silty
of siltstone and claystone. and argillaceous, slightly calcareous in

19 | 2,033-2, 037 | Recovered 4 ft: Microfossils absent. part, massive. Fine even carbona-

10 in., sandstone, medium-light-gray, ceous laminae between 2,117 and
very fine-grained, very silty and 2,118 ft show some cross-bedding. At
argillaceous, noncalcareous, massive. 2,120 and 2,129 ft effective porosity

6 in., claystone, medium-dark-gray, 5.75 and 3.48 percent, respectively;
slightly to very silty; with laminae rock is impermeable at both depths.
and intercalations of medium-dark- 23 | 2, 133-2, 138 | Recovered 5 ft: Microfossils absent.
gray siltstone. Sandstone, as in core 22; at 2,137 ft

1 ft 6 in., sandstone, light-gray, fine- effective porosity 11.50 percent, and
grained, slightly silty and argillaceous, air permeability < 1 millidarey.
noncalcareous; with a %4-in. bed of 24 | 2,138-2, 156 | Recovered 18 ft: Microfossils absent.
rounded claystone pebbles in medium- Sandstone, medium-light-gray, very fine-
grained sandstone matrix 8 in. below grained, very silty and argillaceous,
the top. noncalcareous, massive, uniform. The

1 ft 2 in., sandstone, light-gray, fine- sandstone is composed of angular to
grained, silty and argillaceous; but subangular grains of clear and white
very fine grained, and with thin beds quartz, with some gray and dark rock
of medium-gray very argillaceous silt- fragments. Grain surfaces are com-
stone in the upper 6 in. monly frosted. Carbonaceous par-

20 | 2,037-2, 057 | Recovered 20 ft: Microfossils, very rare. ticles and subhedral quartz grains are

Sandstone, medium-light-gray, very fine- very rare. At 2,139 and 2,148 ft
to fine-grained, slightly argillaceous effective porosity 3.43 and 3.61 per-
and silty, noncalcareous; quebracho cent, respectively; rock is imper-
staining (suggesting fair permeability) meable.
and shaly cleavage from 2,039 to 25 | 2,156-2, 158 | Recovered 2 ft: Microfossils absent.

2,047 ft. Beds lie flat. Above and
below those depths the sandstone is
more massive, having only a few bed-

Sandstone, as in core 24. At 2,157 ft
effective porosity 3.05 percent, and
air permeability <1 millidarcy.
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Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

26

27

28

-2, 158-2, 168

-2,168-2,182

2,182-2, 197

2,197-2, 205
2, 205-2, 235
2, 235-2, 241

2, 241-2, 261

2, 261-2, 282

Sandstone, fine-grained, silty, argillaceous,
noncalcareous; a minor amount of clay
shale.

Sandstone, very fine-grained, argillaceous,
noncalcareous; with clay shale and a
small amount of very sandy very
slightly ealcareous siltstone.

Recovered 15 ft: Mierofossils abundant.

1 ft, sandstone, as in core 25; faint argil-
laceous carbonaceous laminae in the
lower 4 in.

14 ft, sandstone, medium-light-gray,
very fine-grained, interbedded with
medium-dark-gray elay shale; the
former grades to sandy siltstone with
depth. The sandstone-siltstone beds
are from 2 to 18 in. thick, and make
up approximately two-thirds of the
rock. They are noncalcareous, and
commonly contain laminae and part-
ings of argillaceous or carbonaceous
material. The claystone beds are 4
to 6 in. thick. Beds lie approximately
flat.

Clay shale, and very sandy siltstone.

Clay shale, medium-dark-gray, very slightly
silty at top.

Sandstone, light-gray, fine-grained, silty,
argillaceous, noncalcareous; a minor
amount of medium-dark-gray clay shale.

Recovered 20 ft: Microfossils absent.

6 ft 8 in., sandstone, medium-light-gray,
fine-grained, very slightly argillaceous,
noncalecareous; shaly cleavage; que-
bracho staining suggests fair permea-
bility. Rare fragments of carbonace-
ous plant remains in upper part.
Beds lie flat. At 2,241 ft the effec-
tive porosity 9.66 percent, and sam-
ple was too friable for permeability
test.

13 ft 4 in., sandstone, medium-light-gray,
fine-grained, silty, argillaceous, non-
calcareous, massive, uniform; grades
to very fine- to fine-grained with
depth. Faint laminae, caused by very
glight variations in the quantity of
carbonaceous particles, are present be-
tween 2,252-2,254 ft. At 2,252 and
2,261 ft effective porosity 7.90 and
6.69 percent, respectively; rock at
both depths is impermeable.

Recovered 21 ft: Microfossils absent.
Recovery from this core consists of frag-

ments 1 to 4 in. in diameter (except
for one a foot long) which were sent
to the Fairbanks laboratory in two
core boxes, one labelled 2,261-2,271
ft and the other 2,268-2,275 ft. The

29

30

2, 282-2, 286
2, 286-2, 300
2, 300-2, 330

2, 330-2, 349

2, 349-2, 368

fragments are all medium- to medium-
light-gray very fine- to fine-grained
silbty argillaceous noncalcareous uni-
form sandstone, apparently massive.
Sand is composed of angular grains of
clear and white quartz, with rare
brown and dark rock fragments and
rare mica. At about 2,270 ft effective
porosity 5.55 percent, and rock is im-
permeable.
No sample.
Clay shale, medium-dark-gray, very silty.
Sandstone, medium-gray, fine-grained, salt
and pepper; some very fine-grained very
silty and argillaceous sandstone; silt-
stone in upper part; some clay shale.
Recovered 18 ft: Microfossils absent.

1 ft 2 in., sandstone, medium-light-gray,
fine-grained, noncalcareous; it is
coarser in the upper 2 in.; a 2-in. bed
of medium-dark-gray clay shale 7 in.
below the top.

3 ft 2 in., sandstone, medium-gray, very
fine-grained, noncaleareous; abundant
intercalations and partings of carbo-
naceous and micaceous material. A
1-in. bed of claystone is at the base.

8 in., sandstone; grades from medium-
grained at the top to fine-grained at
the base.

7 in., claystone, medium-dark-gray, silty,
noncaleareous.

1 ft 2 in., sandstone, medium-light-gray,
fine-grained, silty, argillaceous, non-
calcareous; argillaceous laminae in
lower 1 in.

8 in., claystone, as above; with 3-in. bed
of sandstone near base.

10 ft 7 in., sandstone, medium-light-
gray, very fine- and fine-grained,
slightly to very silty and argillaceous,
noncalcareous, massive. Slight vari-
ations in carbon content cause very
faint laminae in the upper part of the
sandstone. Beds lie approximately
flat. A 2-in. bed of medium-dark-
gray claystone is present at 2,340 ft.
Slickensides and white calcite veinlets
are present 1 ft above the base of the
core; the bottom 1 ft of the core is
slightly to very caleareous. At 2,338
and 2,348 ft effective porosity 5.23
and 5.37 percent, respectively; rock is
impermeable.

Recovered 11 ft: Microfossils absent.

8 in., sandstone fragments, medium-
light-gray, very fine- to fine-grained,
noncalcareous; some slickensided or
calcite-coated surfaces.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
10 ft 4 in., sandstone, as above; grades 34 | 2,567-2, 573 | Recovered 6 ft: Microfossils absent.

to very fine-grained, very silty at 2 ft, sandstone, as at base of core 33.
base; massive, with breaks dipping 9 in., clay ironstone, medium-brownish-
20° to 30°. Secattered fragments and gray, nonsilty, very slightly cal-
streaks of clay shale are present at careous; conchoidal fracture.

7, 4, 2, and 1 ft above the base of the 3 ft 3 in., sandstone, fine-grained; grades
core. Laminae of eclay shale that to very fine grained and from light
dip 45° are present 2 ft above the to medium light gray with depth.
base of the core. Slickensides are A %-in. layer of medium-dark-gray
4 ft above the base of the core. claystone pebbles is present at top of

----| 2,368-2,375 | Clay shale, with a small amount of silt- section, and very fine argillaceous
stone, laminae are present in upper part of

----| 2,375-2, 385 | Siltstone, medium-gray, very micaceous; sandstone. Carbonaceous streaks are
minor amounts of clay shale and sand- present throughout. Bedslie approxi-
stone. mately flat.

----| 2,385-2,480 | Clay shale, medium-dark-gray, slightly | __._| 2, 573-2, 585 | Sandstone, very fine-grained, very silty, as
to very silty in part; a small amount of in core above; minor amount clay shale
siltstone at 2,385-2,405 ft, traces of in lower part.
siltstone at 2,415-2,430 and 2,440-2,460 35 | 2, 585-2, 605 | Recovered 20 ft: Microfossils absent.
ft, traces of sandstone at 2,415-2,425 11 ft 9 in., sandstone, medium-light-
and 2,450-2,460 ft gray, very fine-grained, silty, argil-

----| 2, 4802, 490 | Siltstone, medium-gray, very micaceous; a laceous, very slightly micaceous, very
small amount of clay shale. slightly calcareous, massive. A layer

—e--| 2,490-2, 500 | Clay shale; grades to siltstone. of rounded gray chert pebbles % to %

-==-] 2,500-2, 510 | Sandstone, fine-grained, noncalcareous, ar- in. in diameter is at 2,588 ft: rare
gillaceous, silty. patches of flat pebbles of medium-

31 | 2,510-2, 530 | Recovered 19 ft: Microfossils absent. dark-gray clay shale are in the lower
Sandstone, medium-light-gray, very fine- half of the sandstone. Arctic Con-
to fine-grained, noncalcareous, mas- tractors’” well geologist noted that
sive, uniform; becoming slightly finer the core bled oil at 2,583-2, 589,
grained with depth. Faint carbon- 2, 593-2, 5941% and 2,595%-2,596% ft.
aceous laminae between 3,514-3,515 A light-yellow cut and yellow residue
ft; beds lie approximately flat. Slick- were recorded in CCla at 2,589 and
ensides are in the sandstone at 2,521 2,596 ft. There is no perceptible
ft. At 2,511 and 2,521 ft effective difference in the sandstone cores
porosity 9.50 and 0.25 percent, re- between the intervals which bled oil
spectively; rock is impermeable. and those which did not. Samples
32 | 2,530-2, 547 | Recovered 17 ft: Microfossils absent. from 2,589 and 2,596 ft were im-
Sandstone, as above; slightly darker permeable, with effective porosities
and finer grained with depth; grades of 9.31 and 10.50 percent, respectively.
to medium-gray, very fine-grained, and 6 in., claystone, medium-dark-gray,
silty at base. At 2,532 and 2,541 ft slightly silty; lenses of medium-gray
effective porosity 4.73 and 4.96 per- siltstone.
cent, respectively; rock is imper- 5 in., sandstone, as above.
meable. 3 in., claystone, as above.
33 | 2,547-2, 567 | Recovered 20 ft: Microfossils absent. 3 ft 2 in., sandstone, as above; bled oil
5 ft 10 in., sandstone, as at base of core from basal 3 in.
32. Effective porosity at 2,552 ft 3 ft 11 in., claystone, medium-dark-gray,
2.13 percent; rock is impermeable. silty in part, irregular to poor shaly
2 ft 2 in., claystone, medium-dark-gray; cleavage.
scattered thin beds and laminae of | ___.| 2,605-2, 615 | Clay shale, with a trace of siltstone and
medium-gray siltstone and very fine- white bentonite.
grained medium-light-gray sandstone, | -.._| 2, 615-2, 625 | Siltstone, medium-gray, slightly micaceous,
which increase in thickness with depth. very slightly caleareous; a minor amount
12 ft, sandstone, as in core 31; effective of clay shale.
porosity at 2,562 ft 1.64 percent; | -...| 2, 625-2,635 | Clay shale; grades to siltstone, with a

rock is impermeable.

minor amount of sandstone.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
----| 2,635-2, 641 | Sandstone, as in core 36; a trace of siltstone which are the result of variations in
and clay shale. quantity of carbonaceous and argil-
36 | 2,641-2, 661 | Recovered 20 ft: Microfossils very abun- laceous matter. The laminae dip 30°
dant. at the top of the section, but curve
8 in., sandstone, as in core 35. gradually so that at the base, where
9 in., claystone, as at the base of core 35; they terminate abruptly against the
abundant laminae of coaly material underlying siltstone, they are nearly
in bottom 2 in. vertical (85°-90°) at one side of the
18 ft 7 in., sandstone, medium-light- core, and about 70° at the opposite
gray, fine-grained, silty, argillaceous, side. At the top of the sandstone is
very slightly calcareous in part, mas- a section of claystone, % in. thick on
sive. It is composed of angular grains one side, and wedging out on the other,
of clear and white quartz, and dark which fills the interval of rock between
rock fragments. Most grains are the flat-lying laminated sandstone
frosted. Abundant intercalations of above and the 30° dip of the sand-
carbonized plant fragments are present stone below.
at 2,645 ft and carbonaceous laminae 10 in., siltstone, medium-gray, very
at 2,653 ft. Carbonaceous and argil- argillaceous, noncalcareous. Streaks
laceous laminae are common between of sandstone at the top show swirly
2,658-2,660 ft; they dip 5° or less. bedding. Slickensides are near the
Patches of sandy clay ironstone are top and bottom of the section; most
rare throughout. Sandstone at 2,646 are steeply dipping. The contact at
ft had a very pale-yellow cut and the top of the section is sharp and
light-yellow residue in CCly; sand- dips approximately 50° in the oppo-
stone at 2,656 ft had a light-yellow site direction from the steeply dipping
cut and yellow residue. laminae of the overlying sandstone.
2 ft 2 in., sandstone, very fine- to fine-
Effective Air permeability grained, very silty and argillaceous;
Depth (feet) ez (millidarcys) with carbonaceous streaks in the
lower part that dip 30° to 60°. The
12,00 | 45. sandstone is calcareous in the lower
12.48 | 16.0. 1 ft.
14.60 | 11.5. % in., claystone, medium-dark-gray,
12.40 | 8.0. slightly silty; slickensides parallel
ool the bedding; sharp but irregular
9.62 | 0. contacts are present at top and
7.17 | Too friable. bottom.
8.17. 0. 1 ft 2 in., sandstone, medium-light-gray,
7.20 | oo frigble. very fine- to fine-grained, salt and
pepper, argillaceous, silty, slightly
37 | 2,661-2,681 | Recovered 14 ft: Microfossiis very rare.

4 ft, sandstone, as at base of core 36,
but with scatterea coaly laminae which
become common to abundant and
grade from flat to finely undulating
with depth. They dip 20° at the
top, but the dip decreases with depth
to flat at the base of the sandstone.
A few clay ironstone nodules are in
laminae in the lower 1 ft. Sandstone
at 2,662 ft had a yellow cut and
brownish-yellow residue in CCl; the
well geologist reported that the core
bled oil from 2,661 to 2,664 ft. At
2,662 ft effective prorosity 12.50 per-
cent, air permeabitity <1 millidarey.
At 2,663 ft they are 12.75 percent
and 2.8 millidarcys, respectively.

1 ft 3 in., sandstone, very fine-grained,
with very fine even dark laminae

calcareous; streaks of very fine sand-
stone in the upper part.

1 ft 9 in., sandstone, as above; but with
coarse carbonaceous particles im-
parting an appearance of swirly bed-
ding. Streaks (1 to 2 in. wide) of
siltstone, and a 1- by 3-in. fragment
of clay shale are in the central part of
the sandstone, which grades to argil-
laceous siltstone and silty shale in
in the bottom 2 in.

2 in., siltstone, medium-gray, sharply

interlaminated with medium-dark-
gray clay shale. Dip 7°.

1 ft 9 in., claystone, medium-dark-gray,

silty; streaks of argillaceous siltstone.
Steeply dipping slickensides present
in claystone. Contact with under-
lying sandstone is sharp and resembles
a ripple mark.
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Core Depth (feet) Remarks Core Depth (feet) Remarks

10 in., sandstone, medium-light-gray, slightly calcareous; fine grained at top,
very fine- to fine-grained, slightly very fine grained in lower part.
calcarcous; patches and small streaks | -.__| 2, 810-2, 820 | Sandstone, very fine-grained; and eciay
of carbonaceous material and clay shale.
shale. A %-in. bed of abundant eclay | ..__| 2, 820-2, 830 | Sandstone, very fine- to fine-grained; a
intercalations 2 in. below the top of small amount clay shale.
the sandstone contains abundant 40 | 2,830-2, 850 | Recovered 17 ft 6 in.: Microfossils absent.
Inoceramus shell fragments and one 7 £t 6 in., claystone, medium-dark-gray,

) white quartz pebble ¥ in. in diameter. slightly silty in part; poor shaly
38 | 2,681-2, 701 |.Recovered 15 ft 6 in.: Microfossils rare. cleavage to subconchoidal fracture.

4 in., sandstone, medium-light-gray, A 4-in. bed of light-gray fine-grained
very fine-grained, argillaceous and sandstone 3 ft below the top is very
silty; very faint argillaceous silty calcareous and contains Ditrupa sp.
laminae. Beds lie flat. shell fragments at the top. A bed of

1 ft 8 in., clay shale, medium-dark-gray, medium-light-gray very fine-grained
noncalcareous; small lenses (1 to 2 in. calcareous sandstone 7 in. thick, with
thick) and laminae of medium-gray faint flat-lying laminae, is 4% ft below
siltstone with sharp contacts resem- the top. Claystone contains rare
bling ripple marks. Beds lie flat. siltstone lenticles.

1 ft 8 in., siltstone, medium-gray, very 2 ft 6 in., sandstone, medium-light-gray,
argillaceous, calcareous, faintly lam- very silty and argillaceous, calcareous;
inated; rare very thin (% in. thick) faint carbonaceous argillaceous la-
beds of clay shale near the base. inae in lower part dip 5° or less.

4 ft, clay shale, as above. Fragments of medium-dark-gray clay

7 in., sandstone, as above; grades to shale are abundant in ¥%-in. and 1-in.
medium-gray sandy siltstone at base. beds in the lower half of the sandstone.

3 ft, claystone, medium-dark-gray, non- 7 ft 3 in., claystone, as above; a 10-in.
calecareous; irregular fracture. bed of very fine-grained sandstone

3 ft, clay shale, as above; but with as above which has a %-in. bed of
slightly thicker siltstone lenses. claystone in the center and a Y-in.

1 ft 1 in., sandstone, as above; but very bed at base.
silty in upper 2 in. Laminae dip 3°. 3 in., claystone, as above.

2 in., clay shale, as above. ----| 2,850-2, 880 | Sandstone, medium-light-gray, very fine-

----| 2,701-2, 710 | Sandstone, as in core above; with clay grained, silty, argillaceous, slightly cal-
shale. careous; a small amount of clay shale
39 | 2,710-2, 730 10 ft: Microfossils absent. in the lower part.

’ ’ Rescgzggigne? If;f o dli\l/fiflf;r:,sysillir ;l;s ﬁ:; e to | —--- 2, 880-2, 900 | Clay shale, med?um-dark—gray, very silty;
fine-grained, silty, argillaceous, slight- g}'ades to me'dmm-gr ay very argillaceous
ly micaceous, slightly calcareous in :::’jg:é;e with a minor amount of

art, massive. 1-f d 3 ft a :
fh: ’bases?svieryA silt; :‘;d has a?r (gﬁ ———_| 2,900-2,980 | Clay shale, very silty in part; a minor
laceous carbonaceous laminae at top amount of s1ltsto'ne at the base and top,
and bottom. Sandstone is composed and some bentonite ez,t 2,900-2,910 ft.
of angular to subangular commonly | ===~ 2, 980-3, 000 | Clay shale; grac.ies to sﬂt.stone.
frosted grains of clear and white | ~=-- 3, 000-3, 010 Cla:ndi;l;:::aé with a minor amount of

. S .

g'l;zr;xzént: lthA Zzﬁ;eize%roglar; 721(‘)0(}% ---_| 3,010-8, 028 | Sandstone, very fine-grained, silty, argilla-
had no cut and only a faint greasy Zf:;ss’hna;): :iliize::;; @ small amount of
stain as residue in CCli. At 2,720 6 41 | 3,028-3, 048 | Recovered 14 ft: Microfossils rare.

2, 730-2, 760

2, 760-2, 770

2, 770-2, 780
2, 780-2, 810

effective porosity 7.05 percent; rock
is impermeable.
Sandstone, medium-light-gray,
laceous, noncalcareous.
Clay shale, with trace of siltstone. Top
Topagoruk formation at 2,760 ft.
Siltstone, with some clay shale.
Clay shale, with good shaly cleavage, and

argil-

some sandstone, salt and pepper, silty,

2 ft 6 in., sandstone, medium-light-gray,
very fine- to fine-grained, argillaceous,
silty, very slightly calcareous in part;
scattered small streaks of medium-
dark-gray clay.

6in., siltstone, medium-gray, very sandy,
very finely laminated; with a %-in. bed
of clay shale in the upper part.
Grades into unit below.
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Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks
1 ft, sandstone, as above; but with more argillaceous, slightly calcareo.us; a min?r
numerous streaks (up 1’30 3 in. long) of amount; of p ale-bltt)le-green slightly argil-
. R . . laceous and silty bentonite.
12, t; wirly bedding. A 2-in. s .
g o g Zlflg(ﬁ:; 1:1% :1 oi syateth enk?ott om l:f 43 | 8,293-3, 313 | Recovered 20 ft: Microfossils common.
the sandstone 2 ft 2 in., siltstone, medium-gray, very
10 ft., sandstone, medium-light-gray, 'sa.ndy, sl{ghtly calcareous; a,bund{a,nt
very fine-grained, very argillaceous intercalations of claystone totaling
and silty, noncalcareous; some fine- a,bou.’c onc?-fourth of the rock. .
grained sandstone; a few thin (1 to 2 1ft 11‘ in., siltstone, as above; but faintly
in.) beds with faint rarely crossbedded Ia,ml'natefi and lacking clay.
laminae. Thin beds (34 to 2 in. thick), 1162 m., sﬂ.t stone, as at FOP o.f gore.
streaks, and intercalations of clay 2 ft. 8 in., siltstone, medmm—hght-gr.ay,
ghale are throughout and increase slightly ca{careousgcarb'onaceous mica~
gradually in size and abundance with c;aous la,n:m:;i Whlih give good shaly
depth. Small rounded bodies of sand- gleavage 10 L1e rocx. .
stone (24 to 1 in. across, and 3 to % in. 7 ﬁz 1 in., siltstone, with clay intercala-
thick), with the same composition as 6 t.l ons als at t];:;; op of ?e cox('le. K
the rest of the sandstone, are outlined n., cay 8uale, mecum-Cark-gray,
by slightly darker and slightly more shgh’f‘ly m}ty; poor sha,%y cleavage.
argillaceous matriz. They are in 1ft5in, sﬂtstom?, medium-gray, very
groups or singly through the sand- sand).' and argillaceous, calcareous,
stone, with their long axes parallel the TNAssIve.
bedding. ) 3ft1in,, s-lltstone, as at top of core.
—---| 3,048-3,080 | Clay shale, medium-dark-gray; becomes | =~~~ 3, 313-3, 320 Sﬂtstone,t v?th glat:z shale, and a small
very silty with depth. 320-3. 330 Namounl o1 sandstone.
----| 8,080-3,092 | Sandstone, very fine-grained, argillaceous | -~~~ 3 ¢ O samp:e. . .
and silty, slightly caleareous in part. ----] 3,330-3, 350 | Clay shale; grades to sﬂtstope, with a very
42 | 3,092-3, 112 | Recovered 20 ft: Microfossils absent. sin:.llll e{’mount of fine-grained sandstone
Sandstone, medium-light-gray, very fine- 3 3 S a dste ase. di licht 5
grained, very argillaceous and silty, | ~=~~ 8, 350-3, 358 andstone, me 1un}- ghi-gray, ver}; 'ne-
slightly calcareous in part, massive; zgoilil:e;%irgﬁzz;;,c:ﬁz,e:fﬂaceous,amwa-
1y faintly laminated. At 3,109 ft ’ . "
:g;iévsdl;ofo;;;m; 460 p ercen;',, and | 44| 3, 358-3,378 Recover(?d 20 ft: Mlcrofossgs:abflent.
rock is impermeable. A 6-in, bed of 2112 m.,.sa,ndstc_me, medium-light-gray,
interbedded medium-dark-gray clay ﬁne-gra,m.zed; slightly calcareous at the
shale and sandstone, with individuai top grading to very calcarc?ous at the
beds 3 to % in. thick, is at 3,097 ft; base. Scattered intercalations of car-
6 in. below this is ; 5-in ’be a 0% bonaceous and argillaceous § material
. . . °
medium - dark - gray noncaleareous 4 .sugg;e st a{;dxp of 5di or l(ziss.k
slightly silty and micaceous claystone. in., claystone, medium-cark-gray, non-
A 4.ip. bed of sandstone 1 ft above the §11ty » very slightly caleareous in part;
base of the core containg a few thin 1 tl.:rgg.ular {ractéure. di
intercalations of clay shale. Ditrupa v 0 0., claystone, medium-gray, non-
#p. fragments are common throughout silty, noncalcareous; conchoidal frac-
the core; pelecypod shells are also ture.. .
present, and a small fragment of an 2 ft.l in., claystone, mgdlum-(i:ark-gray,
ammonite was found at 3,095 ft. shgh't ly caleareous, shgl.ltly s‘llty.
----| 3,112-3, 120 | Siltstone, very sandy; similar to sandstone 12113 m.,.sa.ndstone, medium-light-gray,
above; some clay shale. ﬁne.-gra,med; grades} to very fine-
w-w-| 3,120-3, 160 | Sandstone, very fine-grained, slightly cal- gllza'lﬁﬁd at Ibase, Sﬂt)t” arillllaceous,
careous; a small amount of clay shale. sligh tli’r mf:azzzzzuinas;vec ;:;Z?;:i’
—---| 8,160-3, 210 | Sandstone, as above; but with more clay shile pebbles 1 in.,in diamei;er arein &
shale, which increases to 50 percent with 2-in. bed at 3,362 ft with a few small
depth. ) (<1 in.) intercalations and pebbles of
—---{ 3,210-3,280 | Clay shale, medium-dark-gray, slightly clay shale at 3,369-3,370 ft. At 3,368
silty; a minor amount of medium-light- ft effective porosity 3.23 percent, and
gray slightly sandy very slightly cal- carbonate content 22.35 percent by
careous siltstone at the top. weight; at 3,373 ft they are 4.00 and
----1 3,280-3, 293 | Clay shale and sandstone, medium-light- 28.5, respectively. Both samples are

gray, very fine-grained, very silty and

impermeable.
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Core

Depth (feet)

Remarks

Core Depth (feet)

Remarks

45

46

3, 378-3, 400

3, 400-3, 410

3, 410-3, 470

3, 470-3, 490

3, 400-3, 494
3, 494-3, 514

3, 514-3, 532

3, 532-3, 540

3, 540-3, 550

3, 5503, 560

1 ft 8 in., siltstone, medium-dark-gray,
very sandy and argillaceous, very
slightly calcareous; abundant carbo-
naceous and biotite particles.

Clay shale, medium-dark-gray, silty; and
medium-gray siltstone; grades to me-
dium-light-gray very fine-grained
slightly calcareous to calcareous sand-
stone.

Clay shale, with some siltstone.

Clay shale, medium-dark-gray, slightly
gilly in part; slightly calcareous at
3,450~3,460 ft.

Clay shale with minor amounts of medium-
gray very argillaceous siltstone, and a
trace of sandstone.

No sample.

Recovered 17 ft 6 in.: Microfossils very

rare.

2 ft 7 in., sandstone, medium-light-gray,
very fine-grained, silty, argillaceous,
calcareous. Groups of rounded clay
shale pebbles are present 1 ft and 2 ft
below the top of the core. Pebbles
range from small flakes to 2 in. in
diameter.

3 ft 3 in., claystone, medium-dark-gray,
silty, very slightly calcareous; irregu-
lar fracture. Rare thin (%4 to 1 in.)
crossbedded beds of siltstone.

8 in., siltstone, medium-light-gray,
slightly calcareous; faint laminae give
fair shaly cleavage; grades to very
fine-grained very silty and argillaceous
sandstone at base.

2 ft 3 in., claystone, as above, very silty.

8 ft 9 in., sandstone, very fine-grained,
argillaceous, silty, calcareous, massive,
uniform. Nearly vertical (88° or 89°)
fractures, with patches of aragonite
coating, split the sandstone core longi-
tudinally for most of its length., At
3,509 ft effective porosity 5.5 percent,
rock is impermeable, carbonate con-
tent 27.4 percent by weight.

Recovered 8 ft: Microfossils absent.

6 ft 4 in., sandstone, medium-light-gray,
very fine-grained, silty, argillaceous,
slightly caleareous, massive. At 3,520
ft effective porosity 6.89 percent, the
carbonate content 16.12 percent by
weight, and rock is impermeable.

1 ft 8 in., claystone, medium-gray, very
silty, calcareous. f

Clay shale, medium-dark-gray, noncal-

careous; a small amount of sandstone.

Sandstone, medium-light-gray, very fine-
grained, calcareous; a very small amount
of clay shale,

Clay shale and sandstone.

3, 560-3, 570
3, 570-3, 580

3, 580-3, 680

3, 680-3, 740

47 | 3, 740-3, 760

Sandstone, with some clay shale, and a
trace of pale-yellowish-white bentonite.

Clay shale, with a small amount of sand-
stone, and a minor amount of siltstone.

Clay shale, medium-dark-gray, slightly
gilty in part; common streaks of me-
dium to medium-dark-gray very argil-
laceous slightly calcareous to calcareous
giltstone.

Clay shale, medium-dark-gray, very
slightly silty, noncalcareous; rare thin
streaks of very argillaceous siltstone.

Recovered 12 ft 6 in.: Microfossils com-

mon.

Claystone, medium-dark-gray, very
slightly micaceous and silty, noncal-
careous; irregular cleavage. Claystone
between 3,742-3,747 ft badly broken
and infiltrated with drilling mud;
many of the fragments have slicken-
sided surfaces. A flat-lying silt lam-
ina one-quarter inch thick is at 3,755
ft. Pelecypod shell impressions scat-
tered throughout include specimens
identified by Ralph W. Imlay as
Thracia cf. T, kissoumi McLearn and
Inoceramus sp. juv. cf. I. anglicus
Woods.

CORE ANALYSES

Samples from cores taken from Wolf Creek test well 3
were tested for porosity and permeability by methods
described on page 441, and a few of the samples were
analyzed for carbonate content. Results of these.tests
are given in the following table.

Analyses of core samples from Wolf Creek test well 3

Effective Alir permeability
Depth (feet) porosity (millidarcys)
{percent)
1,633 e 10. 62 | Too friable.
1,543 e 12. 62 | Too friable.
1,653 e 18 88 | 305.
1,563, e 11.05 | 0.
1,570 16. 44 | Too friable.
1,649 . 13. 06 | Too friable.
1,654 13.89 | 8.5.
L9 . 6.77 | <L
1,804 .- 14,22 | 18
1,898 e 12. 10 | 11. 5.
1,904 o 13. 61 | 32.
1,914 e 12. 10 | 25.
1,917 . 7.36 | 0.
1,920, ¢ oo 7.84 | <L
1,920 .. 10. 01 | Too friable.
1,928 e 833 | <L
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Analyses of core samples from Wolf Creek test well 3—Con.

Effective Air permeability
Depth (feet) porosity (millidarcys)

(percent)

1,940 .. 13. 45 | 24.

1,978 ... 2771 0.

1,985 .. 11.76 | 3.8.

1,922 . 828 | 0.

2,000 _____ 5.27 | 0.

2,007 . 498 | 0.

2,015 . 2.521|0.

2021 3.37 | 0.

2,042, . 444 1 0

2,050 .. 10.60 | <L

2,062 .. 11. 97 | Too friable.

2,120 .. 5.75 | 0.

2,129 .. 3.48 | 0.

2,187 11. 50 | <L

2,139 . 3.43 | 0.

2,148 . 3.61 0.

2,157 e 3.05 | <1

2241 .. 9. 66 | Too friable.

2252 o __. 7.90 | 0.

2261 __ .. 6.69 | O.

2270 . .. 5.55 | 0.

2,388 523 | 0.

2,348 .. 5371 0.

2,511 ... 9.50 | 0.

2,621 . .25 | 0.

2,632 .. 473 0.

2,641 . 496 | 0.

2,652 .. 2.13 | 0.

2,562 o ____ 1.64 | 0.

2,589 . 9.31 0.

2,596, . .. 10. 50 | 0.

2,644 _ . 12. 00 | 4.5.

2,646 .. 12, 48 | 16.

2646 _____ 14.00 | 11.5

2,648 .. 12.40 | 8

2650 . o ___.___ 867 ] 0.

2,650 10.96 | <L

2,654 o ___ 9.62 | 0.

2,656 o _____ 7. 17 | Too friable.

2,656 ... 817 | 0.

2,658 . 7.20 | Too friable.

2,662 ___ L ___ 12. 50 | <1.

2,663 - o ____. 12.75 | 2. 8.

2,720 .. 7.05 | O.

3109 .. 2.40 | 0.

3,368 ___ __ .. 3,23 | O.

3,873 ... 4.00 1| 0.

3,609 ______ . ___ 5.50 | 0.

3,620 _____ 6.89 | 0.

1 The content of carbonate minerals, percent by weight, is 22.35 at 3,368 ft, 28.50 at
3,373 ft, 27.40 at 3,509 ft, and 16.12 at 3,520 ft.

HEAVY-MINERAL ANALYSIS

Preparation of samples is the same as in Square Lake
test well 1. Robert H. Morris has determined that the
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zoned-zircon zone is represented in Wolf Creek test
well 3 by samples from 1,940 to 3,520 feet. He reported
that several samples from 1,540 to 1,940 feet have the
general characteristics of the zoned-zircon zone but do
not contain zoned zircons, so the uppermost limit of
the zone is questionable. (See fig. 87.)
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FiGURE 37.—Relative abundance of heavy minerals in Wolf Creek

test well 3.
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OIL AND GAS
OIL AND GAS SHOWS

Only minor shows of oil, and a small amount of gas,
were found in Wolf Creek test well 8. Tests made for
oil stain in CCl, are in given in the following table;
gas production is given in the paragraph on formation
tests.

Core samples from Wolf Creek test well 3 tested for oil stain
with carbon tetrachloride

Depth Cut Residue

(feet)

1,533 | None.o oo None.

1,543 |- do- . Do.

1,553 |- A0 Yellowish greasy stain.
1,563 [-____ do_ . None.

1,570 (_.-_. O e Yellowish greasy stain.
1, 649 | Extremely pale__..___ Faint greasy stain.
1,719 |_____ doo .. Very pale yellow.
1,889 | Verypale. ___________ Pale yellow.

1,898 | None._______________ Faint greasy stain.
1,904 [____ ¢ 1o T Do.

1,914 |_____ Ao e None.

1,978 (... do. ... Very faint greasy stain.
2,000 [..___ [+ 0o T None.

2,015 |_____ doo Do.

2,042 |_____ do_ . ____ Very pale yellow stain.
2,062 |_____ [+ 1 T Pale yellow stain.
2,120 |_____ [ o None.

2,137 |.___. o Lo Y Do.

2,148 |____. A0 Faint greasy stain.
2,157 |____. do- o Do.

2,241 |____. L Do.

2,262 |_____ do oo Very faint greasy stain.
2,261 |___.. [ (s T Do.

2,270 |- __ Ao Faint greasy stain.
2,338 | Straw colored__.______ Yellow.

2, 348 | Very pale straw colored._ Do.

2,511 | None_._ . __________ None.

2,521 |_____ do oo Greasy stain.

2,632 (.____ doo o Do.

2,641 |_____ doe o None.

2,552 .__.. A0 e Pale yellow stain.
2,562 |____. do-c e Very faint greasy stain.
2,589 | Light yellow._.__._____ Yellow.

2,596 |____. do oo Do.

2, 646 | Straw colored._______ Pale yellow.

2,656 | Light yellow_____.__.__ Yellow.

2,662 | Yellow.__ ... Brownish.

2,720 | None_._._________.__ Faint greasy stain.

FORMATION TESTS

Twelve formation tests using the Johnston forma-
tion tester were made in Wolf Creek test well 3. The
first 3 tests and the sixth test recovered some gas, and
the last 2 tests had a very little free oil on top of the
oil-emulsion drilling mud ; the other 6 tests recovered
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only drilling mud. In each case the hole was open from
the packer to the current total depth. A description
of the tests follows:

Test1, 1,28.6-154b feet—A T1-inch packer was set
at 1,528.5 feet with 16.5 feet of tailpipe, including 5
feet of perforated pipe, and a 5 ¢-inch bean. The tool
was open 150 minutes and a moderate blow of gas was
noted at the surface before the tool was closed for 70
minutes; the flow pressure was zero, and closed-in pres-
sure built up to 450 psi. Seventy feet of drilling mud
was recovered, the salinity of which (440 parts per mil-
lion) was affected by quebracho. The flow of gas was
measured by a 2-inch critical flow prover as follows:
3-in. orifice, 169,700 cu ft per day at 37.5 psi and 38.5° F.
14-in. orifice, 174,000 cu ft per day.
14-in. orifice, 161,200 cu ft per day at 13 psi and 40° F.

The tests were run in the order listed above. The ap-
parent flow, which decreased with time, may be due to
the depletion of sand area adjacent to the hole.

Test 2, 1548.5-1,565 feet—A Tlh-inch packer was
set at 1,548.5 feet with 16.5 feet of tailpipe, including
5 feet of perforated pipe, and a % g-inch bean. The tool
was open 273 minutes and closed for 10 minutes. The
flow pressure was zero, and the closed-in pressure built
up to 500 psi. Ten feet of drilling mud was recovered,
and the gas flow was measured by a critical flow prover.
The gas flow rates were:
84-in, orifice, 394,800 cu ft per day at 107 psi and 44° F.
14-in. orifice, 406,000 cu ft per day at 55 psi and 44° F.

34 -in. orifice, 444,600 cu ft per day at 20 psi and 44° F.,

Test 3, 1,647-1,670 feet—A TY-inch packer was set
at 1,647 feet with 20.5 feet of tailpipe, 9 feet of which
were perforated, and a %g¢-inch bean. The tool was
open 242 minutes, and a slight blow increased to a light
blow after 1 hour. The packer pulled loose during an
attempt to record the closed-in pressure. Estimated
bottom hole pressure was 875 psi. Seventy feet of
drilling mud was recovered; its salinity of 400 parts
per million chlorides was affected by quebracho. A
critical flow prover measured the following flow of gas:

14-in, orifice, 74,100 cu £t per day at 188 psi and 36° F.
14-in. orifice, 87,300 cu ft per day at 44 psi and 43° F.

Test 4, 1,878-1915 feet.—A T%-inch packer was set
at 1,878 feet with 37 feet of tailpipe, including 18 feet
of perforated pipe. A 8ig-inch bean was open 183
minutes and closed for 16 minutes. A very slight blow
of gas came to the surface. The bottom-hole pressure
did not reach equilibrium in 16 minutes, and the maxi-
mum recorded pressure was 400 psi. The large amount
of fluid recovered, 230 feet of gas-cut mud, may have
been the result of spudding the packer to shear the pin.
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Test 5, 1,978-2,017 feet—A TY,-inch packer was set
at 1,878 feet with 87 feet of tailpipe, including 18 feet
of perforated pipe. A 5g-inch bean was open 131
minutes and closed for 88 minutes. No gas came to the
surface, and both the flowing and the closed-in bot-
tom-hole pressure were zero. Fifty feet of mud was
recovered.

Test 6, 2,038-2,076 feet.—A T1/-inch packer at 2,038
feet had 38 feet of tailpipe, including 18 feet of perfo-
rated pipe, below it. A % ¢-inch bean was open 288 min-
utes and closed for 28 minutes. A weak blow increased
to moderate in 3 hours. Recovered 176 feet of water-
cut mud with salinity of 3,135 ppm sodium chloride.
Salinity of drilling mud was 500 ppm. Flowing pres-
sure was zero, and the closed-in pressure was 850 psi.
The critical flow prover measured the flow of gas as
follows:

14-in. orifice, 120,000 cu ft per day at 815 psi and 37° F.
14-in. orifice, 257,700 cu ft per day at 158 psi and 40° F.
84-in, orifice, 284,500 cu ft per day at 78 psi and 40° F.

Test 7, 2,2/3-2,282 feet.—A. T14-inch packer was set
at 2,243.8 feet with 38.2 feet of tailpipe, including 18
feet of perforated pipe. The 8{¢-inch bean was open
150 minutes and was not closed. No gas came to the
surface, and the flowing pressure was zero. Fourteen
feet of mud was recovered with 500 ppm salinity.

Test 8, 2,612-2,647 feet.—A T14-inch packer was set
at 2,512 feet; 34.9 feet of tailpipe below the packer in-
cluded 22 feet of perforated pipe. The 5 ¢-inch bean
was open 158 minutes and was not closed. No gas came
to the surface, the flowing pressure was zero, and only
6 feet of mud with 500 ppm salinity was recovered.

Test 9, 2,587.6-2,605 feet—A T1j-inch packer at
2,587.5 feet had 17.5 feet of tailpipe, including 8 feet
of perforated pipe below it. A 8¢-inch bean was open
270 minutes and not closed. No gas came to the surface;
the flowing pressure was zero, and 10 feet of mud was
recovered.

Test 10, 2,643.6-2,661 feet—A. T1/-inch packer was
set at 2,643.5 feet with 17.5 feet of tailpipe, including
8 feet of perforated pipe, below it; a 5¢-inch bean was
used. The tool was open 210 minutes, and a very
weak blow increased slightly during that time. Flow-
ing pressure was zero; after being closed in for 30 min-
utes the pressure increased to 450 psi but did not reach
equilibrium. Nine hundred feet of mud entered the
tool when the retaining valve became plugged.
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Test 11, 2,647.4-2,681 feet—A Tl4-inch packer was
set at 2,647.4 feet with 33.6 feet of tailpipe, including
21.2 feet of perforated pipe and a 8j¢-inch bean. The
tool was open 193 minutes, and closed for 62 minutes;
flowing pressure and closed-in pressure were zero. A
very slight blow was recorded during the test, and 70
feet of mud was recovered with 2 quarts of free oil float-
ing on top. The API gravity of the free oil was de-
termined at the well site to be 34.5°. The crude oil from
Umiat used in the mud emulsion had a gravity of 32.6°.

Test 12, 26442681 feet.—A T1-inch packer was set
at 2,644 feet with 37 feet of tailpipe, including 24 feet
of perforated pipe, below it. The tool was open 360
minutes, and a very slight blow of gas was noted. Flow-
ing pressure and closed-in pressure were zero; 90 feet
of oil-cut mud was recovered with 2 gallons of free oil
floating on top.

OIL AND GAS ANALYSES

Four samples of gas and one sample of oil from the
formation tests were submitted for analysis to the U. S.
Bureau of Mines at Bartlesville, Okla. The gas was
89.1 to 99.4 percent methane, with a very small amount
of nitrogen and propane; other constituents made up
less than 1 percent of the gas. The oil was brownish
green and had an API gravity of 34.0° and a Saybolt
Universal viscosity of 42 seconds at 110°F. Results of
the gas analyses from Wolf Creek test well 3 are given
in the following table.

Analyses of gas from Wolf Creek test well 3
[Analyses by the U. 8. Bureau of Mines]

Test 1, Test 2, Test 3, Test 6,

Constituent 1,528-1,545 | 1,648-1,565 | 1,647-1,670 | 2,038-2,076
feet feet feet feet

(percent) | (percent) | (percent) | (percent)
Methane_______________ 98. 6 99, 4 96. 1 97.0
Ethane . ... __..______ .1 .1 .2 .3
Propane__ ... .7 .3 .9 .7
Normal butane. ________ Trace .0 .0 .1
Normal pentane________ .0 .0 .0 .1
Hexanes plus___._______ .0 .0 .0 .1
Nitrogen_ . .. .5 .2 2.8 1.6
Oxygen_ . _______.._.__ Trace | Trace | Trace Trace
Argon_________________ .0 Trace | Trace Trace

Btuper cu ft 1____|1,019 [1,016 |1, 000 1,019

1 Calculated gross Btu per cu ft, dry, at 60°F and 30 in. of mercury.

The following table gives an analysis of an oil sample
from Wolf Creek test well 3.
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Analysis of an oil sample from formation test 12 from Wolf Creek test well 3 at 2,644—2,681 feet

|General characteristics of sample: Sp gr, 0.865; sulfur, 0.15 percent; Saybglt qu;ersal vjiscoslty at 100°F, 42 sec; gravity, 34.0°API; pour point, below 5°F; color,
rownish green,

Distillation by Bureau of Mines routine method

Cut at— Gravity Aniline Saybolt
Fraction Percent | Sum (per- Specific °API at Correlation point Universal | Cloud test
cent, gravity ! 60°F dex ()] viscosit; (°F)
°0 °F at 100°
Stage 1.—Distillation at atmospheric pressure, 759 mm Hg. First drop, 133°C (271°F)
) ISP 50 ) 5 2 SN (SN PURIUIORUPIS FPUSRUPUIRIPUPRR FNpRPIPSUVEPIOUON NUUCRURPUPNUN USRS NP,
2 e 75 167 [o oo e e e o e
2 S 100 212 || e e el
L 125 b1 (N IR (SR (SUUEPUU NUUSESUPRPUN PUOUUUNIRURUIPU) [SPRPRUPUUPD SPUPUOIPIUPRPPN SIS
5 S 150 b:10 7,2 P RUNURPRRPRIN JRSNPUSPURUE [UOUPURNURPIPDR] PUPURIRPUPIPN ARPIPURPUPIPE FRUUPRRIP PRI ISP
B e e 175 347 6.7 6.7 0. 791 47.4 | 42,6 {oco e
T e e 200 392 9.3 16. 0 . 809 43. 4 34 53 4 |om e
- SIS 225 437 14. 2 30. 2 . 823 40. 4 35 58 8 |
L I 250 482 14.7 44. 9 . 838 37. 4 37 614 |___ e~
10 o 275 527 12. 6 57.5 . 852 34. 6 39 63. 7 (e
Stage 2.—Distillation continued at 40 mm Hg

) 5 U 200 392 6.2 63. 7 0. 871 3L 0 44 67.2 42 5
12 e 225 437 7.1 70. 8 . 875 30. 2 42 73.0 49 30
18 aea 250 482 5.6 76. 4 . 879 29.5 40 |- 64 40
14 e 275 527 55 81. 9 . 890 27.5 42 | 100 50
) T 300 572 5.0 86. 9 . 898 26. 1 43 oo 195 55

Residuum 2. __ ool 12. 3 99, 2 . 918 22, 6 |oc e emcm e

Approzimate summary
Constituent Percent Specific Gravity °API Saybolt Universal
gravity viscosi

Light gasoline . - - - o oo e | e e | e e e | e meem
Total gasoline and naphtha_ __ ____ ... 16. 0 0. 801 45,2 |acoeeeeee
Kerosene distillate. . . o eee e 14. 2 . 823 40.4 | o
Gas 0il . - e e 37.6 . 852 34,6 |cmeeeo.
Nonviscous lubricating distillate_ _ - ... ____________ 11.4 | 0. 876- . 890 30.0-27. 5 50-100
Medium lubricating distillate. .. - o oo 5.5 . 890~ . 899 27. 5-25. 9 100-200
Viscous lubricating distillate. . . ____ 2.2 . 899~ . 902 25, 9-25. 4 Above 200
Residuum___ e 12.3 918 22,6 |cmmeco
Distillation 1088 - - - o e < 3 U (USRI PIUII P

: %peciﬁc gravity at 60°F compared with water at 60°F.

arbon residue (Ramsbottom) of residuum, 1.8 percent (Conradson equivalent, 2.6 percent); carbon residue of crude, 0.2 percent.

LOGISTICS

Personnel and housing.—Three men were employed
at the well in supervisory positions. They were the
drilling foreman, a petroleum engineer, and a geologist.
The other 28 members of the permanent crew included
16 men in the drilling crews (2 drillers, 2 derrickmen,
7 floormen, 2 firemen, 2 heavy-duty-equipment me-
chanics, and 1 crane operator). Also employed were
2 cooks, 2 kitchen helpers, 2 tractor operators, and 1
man who combined the duties of warehouseman, first-
aid expert, and storekeeper. Temporary workers such

as carpenters, laborers, welders, radio repairmen, elec-
tricians, and Schlumberger engineers were sent from
Umiat as they were needed.

Five jamesway huts were used for dormitories, and
three others for a kitchen galley and a combination
store and dormitory. Of the 12 wanigans used, 1 of
each served as boiler room, geological laboratory, ma-
chine shop, Schlumberger room, generator room, utility
room, and lavatory ; others were used for storage rooms
for food, chemicals, and cement.

Vehicles and heavy equipment—A Caterpillar
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tractor train hauled 1,575 tons of material to the well
site in late May and early June 1952. The drilling
equipment (see p. 444) was brought from Square Lake
test well 1, and other supplies came from Umiat.
Vehicles used in the vicinity of the well were three
weasels, a D8 Caterpillar tractor, a small crane (TD-9
cherrypicker), a swing crane, and an L'VT.

Fuel and lubricant consumption.—The total amount
of gas and oil used was 49,755 gallons of diesel oil,
1,961 gallons of gasoline, 802 gallons of lubricating oil,
580 pounds of thread-lubricating grease, and 243
pounds of other lubricating greases.

DRILLING OPERATIONS
DRILLING NOTES

The derrick was mounted on pilings over a concrete
cellar that was 8 feet square and 4 feet deep. Infor-
mation on drilling operations, presented below, has been
summarized from data compiled by Everette Skarda
and Robert D. Rutledge, petroleum engineers for
Arctic Contractors.

Notes from drilling records
Remarks
Depth (feet)

121 After the hole was reamed to a diameter of 22 in.
and to a depth of 119 ft, an attempt was made to
set the casing. The pipe would not go below 88
ft, so it was pulled and the hole reamed to 121
ft with a 17-in. reamer. Four joints (86 ft) of
16-in. inner-diameter casing was set at 107 ft,
with the 2 middle joints jacketed with 2354-in.
casing and cemented with 100 sacks of Cal-Seal.
The top of the cement was found 10 ft below
the cellar floor, and 25 more sacks were used to
cement around the annulus.

654 - After cleaning out tight spots in the hole with a
reamer, 624 ft of 103%-in. 55-1b N-80 seamless
casing was set at 625 ft and cemented with 210
sacks of High Early cement.

1456______ The drilling mud was changed from water-base to
30 percent oil-emulsion mud.
3,760______ Two cement bridges, the first of 120 sacks of cement

from 1,447 to 1,735 ft, and the second, of 30
sacks, from 554 to 621 ft, were put in the hole.
After a 14-in. steel plate was welded to the casing
collar, with a 4-in, plugged pipe on top that ex-
tended 2 ft above ground, the hole was
abandoned.

DRILL AND CORE BITS

About a fifth of the footage in Wolf Creek test well
3 was cored with Reed conventional core bits; 90.6 per-
cent of the rock cored was recovered. Of the 42 core
bits used, 40 were hard-formation bits, and the other
2 were soft-formation bits. All were 714 inches in di-
ameter, except for two 614-inch hard-formation bits.
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Several types of drill bits were used, including hole-
openers, 3 types of Hughes bits, and 2 Smith bits.
Thirty-seven bits were used in all; of these, 30 were
974 inches in diameter and the others were 121/ to 26
inches in diameter.

The bits used in the hole and the footage to which
each drilled are shown on the graphic log (pl. 30).
Where drill bits were used for reaming through cored
intervals, they are shown as having only drilled. This
was done to avoid confusion from short alternating in-
tervals of drilling and reaming by a single bit.

DRILLING MUD

Wolf Creek test well 8 was drilled to 1,456 feet with
water-base Aquagel mud; at that depth the mud was
changed to 30 percent oil emulsion, which was used to
complete the well. The hole was maintained in good
condition, with little or no caving. The following dis-
cussion of the mud is by Everette Skarda (written
communication, 1952), the petroleum engineer at Wolf
Creek test well 3.

The oil phase was a paraffin-base crude from Umiat test well
5, topped to approximately 325° F. The resulting fraction had
an API gravity of 32.6° and a viscosity of 9 cps (centipoises)
at 60° F. A 30 percent emulsion was used.

The base mud was an Aquagel-water mixture containing ap-
proximately 15 pounds of Aquagel per barrel of water. The
initial make-up mix consisted of 3 pounds per barrel quebracho
(sodium tannate), 0.5 pound per barrel caustic soda, and 30 per-
cent by volume of topped crude oil. Care was used when adding
the sodium tannate to prevent viscosity from becoming too
high due to the oil phase. The 6 to 1 quebracho to caustic
ratio was decreased for the first 100 pounds of quebracho and
increased thereafter to insure sufficient quebracho to prevent
a high viscosity. The crude was added over two complete cir-
culation trips and was very nearly emulsified at the end of the
addition. It was not necessary to add Aquagel after the initial
base had been mixed, the native clay providing for any addi-
tional mixes as the hole progressed. It may be necessary,
however, to add Aquagel in the event the drilling rate is
accelerated.

Drilling rates were slow, allowing a maximum amount of hy-
dration of the highly bentonitic native clays. It was found
that the lower the percentages of oil in the emulsion, the
greater was the hydration. Viscosities rose to 150 Marsh
funnel seconds in one case while drilling through a highly
bentonitic section.

Viscosity control was the major consideration in handling the
oil-base mud. The initial mix had a viscosity of 90 Marsh
funnel seconds, a pH of 11.3, a water loss of 2.0-2.5 cc API,
and a gel strength of 0-8 grams Stormer. These properties were
usually maintained for 2 or 3 days of drilling. By the end of
that time the viscosity would have risen to the 115-130 range.
In most cases sufficient hole had been made to require an
addition to the ecirculating system. Only water, quebracho,
caustie, and oil were added to lower the viscosity to near the
original value.

The following table records the characteristics and
additives of the drilling mud used in the test well.
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Viscosity
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funnel

seconds)

Water loss
(cc AP)

Temper-
ature
(°F)

P hos-
phats (by

Aquagel
(sacks)

Baroid
(sacks)

uebracho
@ b)

0il
(bl

........
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Drilling-mud characteristics and additives, Wolf Creek test well 3—Continued

Weight Viscosity Temper-
" TR | Sa T ) S| R | St | CEe | &
2,680 .. 87 110 2.4 ;1 30 N I, 20 (SR BRI FIR N F,
2,685 - oo e e ;70 P [RSRIUII NN NN,
2,705 e 87 110 2.5 ;730 ) FRORURSVUON DRSRRURPIUN (RPUUIRRRUN NSRS IR N,
2720 oo e 5 -3 50 |oecceae
2,740 e 87 115 2.4 [+ 3 I 2 (R AR NP
2,810 oo 87 111 2.5 65 |ocoeee e E: 20 (R RO NI ISP N
2,830 - - oo e e 10 {omoeeos 60 6
2,850 e 86 95 2.5 60 |ocoom o) & 2 SRR (R RN AN
2,897 e 87 96 2.4 (i3 F .20 (RO SR RSN U,
2,962 oo 87 115 2.4 (i1 30 RN HNURURRRRR (RORURRURN (RSRURIU NS NPT NI,
3,000 oo e 3 I 30 3
3112 . 90 120 2.6 63 |ocooeoeee G2 [ (R EIOIP M
3,190, oo 89 90 2.5 (11,3 I U 10 | 60 6
3,210 _ oo e 1+ T [ AU ARSI NN
3,245 e 89 86 2.6 11 S TR INRRRURRUN (NSRS NP NS OSSN USRI
8,810, e 90 100 2.7 (i 3 S E: 20 (R N R SO
3,358 s 90 100 2.8 ;320 IR FNURRRRRU (RSN (NI NNV FUNIIPN OO
3,372 e e e ;7 U IR AR NN
8,400 e 90 104 2.5 17 30 FNOSRRUUON) FURUURRRN INUSRIUUR SROURRI (USRI PR SR
8470 e 91 110 2.5 (i 3 S £ 2 I IR I SO
3,515, e 91 115 2.6 63 | oo o e e
3,532 e 91 100 2.6 60 |- |oecaees 9 -3 50 |aceeeoo-
8,550 - e e ;30 PSRN SRR (IR
3,582, . 91 95 2.6 i 3 S I, ;7% I N RN, NI
8,629 e 92 105 2.6 1130 SR FRSURRUIUON ORIV AR BUI RPN NN,
3,681 o 92 105 2.6 67 | oot ;7 (RN RPN RIS, SIS
8,750 e 93 112 2.6 66 |- coo|oeee ;30 IR KRR ISR R
8,760 e 93 95 2.5 60 125 |ocooooo. -3 (S ;3 .

HOLEB DEVIATION

For the first 1,000 feet, the hole was only 15 minutes
oft vertical ; below that depth it deviated 40 to 55 min-
utes, except at 1,610 feet where the deviation reached
1°. Measurements were made with a Totco recorder.

ELECTRIC LOGGING

Electric logs, made by the Schlumberger Well Sur-
veying Corp., from Wolf Creek test well 3, recorded
spontaneous-potential, long- and short-normal, and
microlog curves between 107 and 3,752 feet. The first
three curves are shown on the graphic log (pl. 30). Se-
lected intervals from the microlog, shown in figure 88,
present curves recorded through beds of sandstone
which appear to be slightly to moderately permeable.

Five electric log runs were recorded at the following

depths:

Run Depth (feet) Run Depth (feet)
i I 107- 654 4. 2, 397-2, 696
. 654-1,623 5o 2, 600-3, 752
: S, 1, 623-2, 466

Run 4 overlaps 69 feet of run 8, and run 5 overlaps
96 feet of run 4. In each case the earlier run is shown
on the graphic log.
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MICROPALEONTOLOGY OF SQUARE LAKE TEST WELL 1 AND THE WOLF CREEK TEST WELLS,
NORTHERN ALASKA

By Haruan R. BrreqQuisT

The 3 test wells drilled in the Wolf Creek area and
Square Lake test well 1 penetrated 8 fossiliferous zones
in Upper and Lower Cretaceous rocks (Colville and
Nanushuk groups). Beds of the Upper Cretaceous
Seabee formation were penetrated in Wolf Creek test
well 2 to a depth of 130 feet and are identified by a con-
centration of a few arenaceous Foraminifera, which I
found elsewhere concentrated in the lowest beds of the
formation. The Turonian age of the formation (and
of the section penetrated) can be inferred, because these
beds are equivalent to the section below the Borissia-
koceras-bearing shales of the Seabee formation in the
Umiat area (grye, in Payne and others, 1951).

In Square Lake test well 1 no fossils were found to
ascertain the age of the upper part of the section, but
samples from 522 to 550 feet yielded a few broken tests
of Spiroplectammina webbei Tappan and specimens of
Foraminifera that range through the Colville group.
In much of the section, scattered specimens of Colville
species were found, but in the interval from 1,260 feet
to 1,620 feet a slight concentration of species occurs
that is characteristic of the lower part of the Seabee
formation in other areas. Thus, because the beds ap-
pear to be a part of the Seabee formation, a Turonian
age is inferred for the section.

Beneath the Seabee formation is the Ninuluk for-
mation, which was penetrated in each of the Wolf
Creek area wells and in Square Lake test well 1. The
Ninuluk formation can usually be identified by abun-
dant tests of Gaudryina canadensis Cushman and 7'ro-
chammina rutherford: Stelck and Wall, as these species
constitute a faunal zone in the formation in areas of
outerop. Tests of &. canadensis and 7. rutherfordi oc-
curred sparingly in Wolf Creek test wells 1 and 2 and in
Square Lake test well 1. A more definite faunal zone
was suggested in Wolf Creek test well 3, where speci-
mens of 7'. rutherfordi were fairly numerous. This
species was originally described from the Kaskapau
formation of Cenomanian age in the Peace River area
of western Canada (Stelck and Wall, 1955), and its
presence in abundance thus infers a Cenomanian age
for the Ninuluk formation. Research on the megafos-
sils of the outecropping Ninuluk formation by Ralph W.
Imlay has led to his conclusion (written communica-

tion, 1956) that a Cenomanian age can be established
because the fossils are identical with those from the
Dunvegan formation of Alberta and British Columbia.

Beds of the nonmarine Killik tongue of the Chandler
formation underlie the fossiliferous beds of the Ninu-
luk formation. This tongue was penetrated in each of
the Wolf Creek Wells and in Square Lake test well 1.
Below the Killik tongue the Verneuilinoides borealis
faunal zone was penetrated. This zone, named from
the dominant species of Foraminifera, is extensive and
is several thousand feet thick. Within its limits are
included the upper part of the Torok formation and the
Tuktu and Grandstand formations of the outcrop areas
as well as the rocks in the subsurface which Mrs. Col-
lins defines as Grandstand and Topagoruk formations.
The Albian age of the fauna is ascertained from the
presence of a few European and Canadian Albian
Foraminifera and the work of Imlay on the associated
megafossils (Imlay, R. W., written communication,
1956).

Apparently only the top of the Verneuilinoides bore-
alés zone was penetrated in Wolf Creek test wells 1 and
2, but nearly 2,400 feet of beds in this zone was drilled
in Wolf Creek test well 8. In Square Lake test well 1
more than 1,500 feet (2,475-3,987 feet) of beds within
the Verneuilinoides borealis faunal zone was drilled.

SQUARE LAKE TEST WELL 1

TULUVAK TONGUE OF THE PRINCE CREEK FORMATION
(0—700 FEET)

In the predominately nonmarine sandstone (of the
Tuluvak tongue of the Prince Creek formation) pene-
trated in the upper part of the Square Lake test well,
carbonaceous prints of plants occurred in several sam-
ples. Plants from two cores (at 458 and 585 feet) were
identified by Roland W. Brown as Metasequoia cuneata
(Newberry) Chaney. In the lower part of the Tuluvak
tongue (522-550 feet), above the lower occurrence of
M. cuneata, is a thin foraminiferal section, the base of
which is 150-175 feet above the base of the tongue. The
Foraminifera are mostly specimens of Haplophrag-
moides rota Nauss with a few specimens of 7'rocham-
mina ribstonensis Wickenden, Gaudryina irenensis
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Stelck and Wall, and a few fragments of Spiroplectam-
mina webberi Tappan. These species are found in the
Colville group (Upper Cretaceous).

SEABEE FORMATION (700-1,885 FEET)

A few specimens of arenaceous Foraminifera were
found in core and ditch samples in the upper 120 feet
of the Seabee formation, but the succeeding 280 feet of
beds was largely nonfossiliferous, Inoceramus prisms
were abundant in a sample from 1,140-1,150 feet and
were present in most ditch samples throughout the
formation. Fishbones were found in a few samples
from 1,120-1,230 feet. A radiolarian (Cenosphaera
sp.) was common at 1,180-1,190 feet, and the pyritic
casts of another species (Zonodiscus sp.) were com-
mon in a sample from 1,570-1,580 feet. A few speci-
mens of Radiolaria were found in several other samples

" between the occurrences mentioned above.

A few species of Foraminifera were found in samples
from 1,220-1,600 feet and in a few samples from the
lower part of the Seabee formation. Haplophragmoides
rota was most frequent in occurrence and was common
in cores from two intervals (1,286-1,296 feet and 1,451
1,478 feet). Saccammina sp. was abundant in the upper
core, and tests of Gaudryina irenensis were common in
samples from the lower core. Specimens of Textularia
gravenori Stelck and Wall, Praebulimina carseyae
(Plummer) and Neobulimina canadensis Cushman and
Wickendon also occurred in the core samples from
1,451-1,478 feet.

Most of the cores from 1,687-1,785 feet were barren,
but Inoceramus prisms were in cores from 1,675-1,685
feet and from 1,785-1,765 feet. Tests of Gaudryina ire-
nensis were common in the core from 1,755-1,765 feet,
and a few specimens of Pracbulimina carseyae were al-
so found. Samples from the cored section from 1,841-
1,878 feet had only Jnoceramus prisms, and the basal
few feet of the section (core from 1,878-1,885 feet) was
barren.

NINULUK FORMATION AND KILLIK TONGUE OF THE
CHANDLER FORMATION (1,885-2,475 FEET)

Abundant specimens of Gaudryina canadensis Cush-
man and T'rochammina rutherfordi Stelck and Wall in
the bottom foot of a core from 1,878-1,886 feet indicate
the top of the Ninuluk formation. In the succeeding
core (1,886-1,896 feet), 7. rutherfordi was common.
Within the Ninuluk formation in general these two
species occur as a faunal zone from which nearly all
other Foraminifera are excluded. In the Square Lake
well this faunal zone is extremely limited; most of
the samples from an interval of more than 460 feet
were unfossiliferous. Because of this condition I pre-
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fer to consider the strata from the base of the Seabee
formation (Colville group) to the top of the Vernewili-
noides borealis faunal zone as undifferentiated beds of
the Ninuluk formation and the Killik tongue of the
Chandler formation. A plant fossil at 2,346 feet and
a few specimens of @. canadensis Cushman from the
remainder of the core (2,340-2,347 feet) came from a
marine intertongue within the Killik tongue.

VERNEUILINOIDES BOREALIS FAUNAL ZONE (2,498
FEET TO TOTAL DEPTH)

In the Square Lake well the Verneuilinoides borealis
faunal zone is very poorly developed. The number of
species is small, being not more than 15 or 16 in all, of
which only 8 or 4 species were found in any degree of
abundance.

Common specimens of Verneuilinoides borealis Tap-
pan and a few other questionably identified specimens
of Foraminifera occurred in a core sample from 2,493
2,505 feet. These are the highest occurrence of species
of the V. borealis faunal zone. Small specimens of V.
borealis were abundant in a core sample from 2,840-
2,853 feet. In cores from 3,192-3,211 feet, specimens of
Verneuilinoides borealis and fragments of Ammobacu-
lites n. sp. were common, and Haplophragmoides topa-
gorukensis Tappan was abuandant. Ammobaculites n.
sp. also occurred in lower cores, including the bottom-
hole core (8,978-3,987 feet) in which a few specimens
of Nanushukella wmiatensis Tappan were also found.
Other cores were barren.

WOLF CREEK TEST WELL 1
NINULUK FORMATION (10-445 FEET)

In this well more than half the samples were fos-
siliferous, but the microfauna was small, the number of
specimens relatively few, and some samples contained
only Inoceramus prisms. Specimens of Trockammina
rutherfordi Stelck and Wall and Gaudryina canadensis
Cushman make up most of the microfauna and com-
prise a faunal zone in the Ninuluk formation. Speci-
mens of 7'. rutherford: were common in two samples.

Below the Gaudryina canadensis — Trochammina
rutherford: faunal zone, most of the section to 1,080 feet
was barren of microfossils except for 2 ditch sample
occurrences of /noceramus prisms and rare occurrences
of T'rochamming rutherfordi. In a core sample from
1,080-1,084 feet and in ditch samples from 1,205-1,215
feet and 1,293-1,300 feet, specimens of Verneuilinoides
borealis were found. A few specimens of Miliammina
awunensis Tappan occurred in a sample from 1,350-
1,360 feet, and common specimens of Verneuilinoides
borealis and a few specimens of Gaudryina canadensis
and Miliammina awunensis were found in the 2 lowest
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samples studied (1,435-1,445 feet, and 1,485-1,490 feet).

From the foregoing data it is evident that a large
part of the section below the Gaudryina canadensis—
Trochammina rutherford: faunal zone is very likely a
part of the Killik tongue of the nonmarine Chandler
formation, but the fossiliferous core sample and ditch
samples indicate marine intertongues (probably from
the Grandstand formation) in the beds below 1,000 feet.
Certainly these samples are from a part of the Ver-
neuilinoides borealis faunal zone, but the last two
samples from the test well are from more fossiliferous
beds of the same faunal zone.

WOLF CREEK TEST WELL 2
SEABEE FORMATION (25-130 FEET)

In the 7 ditch samples taken from the interval of
rocks assigned to the Seabees formation was a small
fauna of 3 species of Foraminifera, Saccammina sp.,
Haplophragmoides rota Nauss, and Gaudryina iren-
ensis Stelck and Wall. Tests of Haplophragmoides
rota were common in a sample from 35-45 feet, and
Saccammina sp. was common in a sample from 65-75
feet. In other occurrences the Foraminifera were rare;
at 120-130 feet abundant Jnoceramus prisms prevailed.
The next sample, from 130-140 feet, had a small but
distinctly different fauna that marks the top of the
Ninuluk formation.

The few Foraminifera found are not alone distinc-
tive of the Seabee formation, as they range throughout
the Colville group. A study of outerop samples, how-
ever, indicates that each of these species occurs most
frequently in the lower part of the Seabee formation.
Thus as a small assemblage, these species, and some-
times 1 or 2 others with them, can be considered fairly
characteristic of the lower beds of the Seabee formation.

NINULUK FORMATION (130-650 FEET)

Specimens of Trochammina rutherfordi Stelck and
Wall were common in a sample from 140-150 feet and
indicate an abrupt change in fauna. In lower samples
this species occurred in rare numbers; but in a sample
from 605-615 feet, specimens were abundant. A few
tests of Gaudryina canadensis Cushman were associ-
ated in the latter sample. In another sample 2 speci-
mens of 7. rutherford: were found, but the samples
from 655 to 1,330 feet were barren.

Trochammina rutherfordi and Gaudryina canadensis
are indicative of beds of the Ninuluk formation as they
are usually the only species found in them. In this test
well at least the interval from 130-650 feet can be as-
signed to the Ninuluk formation.

Other than carbonaceous material and minute frag-
ments of coal in a few samples, beds throughout the
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interval below the assumed base of the Ninuluk forma-
tion were unfossiliferous except for 4 samples. A
sample from 1,330-1,335 feet contained 4 specimens of
Verneuilinoides borealis Tappan and a specimen of
Involutina sp. A specimen of Miliammina awunensis
Tappan occurred with 2 fragments of Gaudryina cana-
densis Cushman in a sample from 1,470-1,475 feet, and
common specimens of Verneuilinoides borealis and
Gaudryina canadensis occurred in a sample from 1,545
1,550 feet. Two specimens of Verneuilinoides borealis
were found in a sample from 1,565-1,570 feet. These
few fossils are from marine intertongues of the Ver-
neuilinoides borealis faunal zone in an otherwise non-
fossiliferous section of the nonmarine Chandler
formation.

WOLF CREEK TEST WELL 3
NINULUK FORMATION (80-510 FEET)

The interval of rock from 30 to 510 feet is dominated
by Goudrying and Trochammina. In nearly every
sample from 50 to 510 feet, specimens of 7'rochammina
rutherfordi Stelck and Wall were found; in several
samples a few specimens of Gaudryina canadensis
Cushman occurred. In more than one-third of the
samples, 7. rutherfordi was common to abundant.
Inoceramus prisms were present in most of the samples.

KILLIK TONGUE OF THE CHANDLER FORMATION
(510-1,400 FEET) ’

Barren samples throughout much of the interval
from 510 feet to the cores starting at 1,475 feet suggest
beds of the Killik tongue, but on the basis of lithologic
changes the base of the Killik has been placed at 1,400
feet. In one sample in the lower part of the tongue
(1,300-1,310 feet), specimens of Verneuilinoides bore-
alis Tappan and Gaudryina canadensis Cashman were
common and suggest a tongue of the Vernewilinoides
borealis zone. Rare occurrences of a few Foraminifera
in 3 or 4 samples higher in the Killik tongue may be in
part contamination from the Ninuluk formation, but
some are apparently from intertongues from the Ver-
newilinoides borealis faunal zone.

VERNEUILINOIDES BOREALIS FAUNAL ZONE

Nearly 2,300 feet of section in this well is entirely
within the Verneuilinoides borealis faunal zone, and
approximately 250 feet of the overlying section has thin
beds of the zone interbedded with the Killik tongue.
Although the fauna is small in the beds within the
V erneuilinoides borealis zone, the specimens of individ-
ual species occur in large numbers in some samples. In
most of the samples in a continuously cored section that
extends from 1475 to 1,583 feet, specimens of V. bore-
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alis, Miliammina awunensis Tappan, and Gaudryina
canadensis were common to abundant. In one sample
Trochammina rutherfordi was common, and the species
was sparingly present in others. Specimens of Hap-
lophragmoides topagorukensis Tappan, Psammino-
pelta subcircularis Tappan, and Seccammina sp. oc-
curred in several samples. A tiny fish skeleton and a
few mollusk shells were recovered from a core at 1,515—
1,525 feet.

Abundant specimens of Psamminopelta subcircularis
came from a core from 1,655-1,670 feet, and specimens
of Verneuilinoides borealis, Miliammina awunensis,
Trochammina rutherfordi, and Gaudryinella irregu-
laris Tappan were common in the same sample. In a
core from 1,944-1,955 feet, specimens of V. borealis
were very abundant, and Haplophragmoides topagoruk-
ensis was common. The latter species was also com-
mon in a core from 2,182-2,197 feet and greatly out-
numbered the few specimens of V. borealis and frag-
ments of Ammobaculites sp. found in it. ‘

Several cores in sandy beds within the upper part of
the faunal zone were barren of fossils. These cores
were from 1,885-1,944 feet, most of the section from
1,977-2,072 feet, and the intervals of rock from 2,113-
2,158 feet, 2,241-2,275 feet, 2,330-2,359 feet, and 2,510~
2,605 feet.

Below a barren sandy section (2,510-2,605 feet) one
core (2,642-2,661 feet) had in a thin shalebed at the top
an abundance of tests of Gaudryinella irregularis, and
common numbers of Verneuilinoides borealis, Miliam-
mina awunensis, and Gaudryina canadensis.

In the lower part of the Vernewilinoides borealis
faunal zone in this well, very few Foraminifera were
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found in the beds below 2,760 feet. The upper cores
had no microfossils but did have Inoceramus prisms
and fragments of the tubes of Ditrupa sp. (2,830-2,840
feet). A few Foraminifera occurred in cores from
3,008-3,043 feet, 3,203-3,313 feet, and 3,494-8,514 feet,
and the bottom-hole core (38,740-3,760 feet). Haplo-
phragmoides topagorukensis, Verneuilinoides borealis,
and Miliammina awunensis occurred in each of these
cores, but in only the last core was a species (Haplo-
phragmoides topagorukensis) common. Mollusk shells
from the basal core have been identified by Ralph Imlay
as Thracia sp. and Inoceramus sp. (cf. I. anglicus
Woods) and from a core from 3,092-3,112 feet as
E'ntolium sp. and Lemuroceras sp.
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EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4 AND ADJACENT AREAS, NORTHERN ALASKA, 1944-53

TEST WELLS, SQUARE LAKE AND WOLF CREEK AREAS, ALASKA

By Frorexce Rucker CoLLINs

ABSTRACT

Square Lake test well 1 and Wolf Creek test wells 1, 2, and 8
were drilled on 2 anticlines in the Arctic foothills province of
northern Alaska. The wells were drilled in 1951 and 1952 as
part of the U. 8. Navy’s program of exploration for oil in
Naval Petroleum Reserve No. 4. Rocks of Cretaceous age were
penetrated in both anticlines. Some of the sands penetrated
were found to contain small nonecommercial amounts of gas and
oil, and the wells were abandoned. This report includes geo-
logic, paleontologic, logistic, and engineering data obtained in
drilling the tests; graphic logs are included to supplement the
text.

INTRODUCTION

Square Lake test well 1 and the three test wells on
the Wolf Creek anticline are on structural features in
the northern foothiils section of the Arctic foothills

province of northern Alaska, north of the central part
of the Brooks Range (fig. 83). They were drilled by
Arctic Contractors in 1951 and 1952 as part of the U. S.
Navy’s program of exploration for oil in Naval Petro-
leum Reserve No. 4. Square Lake test well 1, on an
anticline located by seismograph survey, and the Wolf
Creek wells, on an anticline defined by photogeologic
and surface mapping, were drilled to test Cretaceous
rocks which are oil bearing elsewhere in Naval Petro-
leum Reserve No. 4. The two anticlines were found
to be similar, and both contained gas. The gas volumes
were too small to be of present commercial value, and
the tests were abandoned.

This report presents detailed geologic and engineer-
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ing data obtained in drilling the four test wells; much
of the information is summarized on graphic logs (pls.
29 and 30). Data were compiled in part from informa-
tion obtained by Arctic Contractors, who drilled the
test wells under contract to the U. S. Navy. Additional
data were furnished by United Geophysical Co., Inc.,
the Schlumberger Well Surveying Corp., the National
Bureau of Standards, and the U. S. Bureau of Mines.
Surface and photogeologic mapping was done by geolo-
gists of the U. S. Geological Survey. Survey geologists
also described the cores and ditch samples, made micro-
faunal studies, and determined porosity and permeabil-
ity in the Survey’s laboratory in Fairbanks, Alaska.
Microfossils and faunal zones were determined by
Harlan R. Bergquist, and the stratigraphic distribu-
tion of fossils in the test wells of northern Alaska will
be presented by him. Invertebrate megafossils were
identified by Roland W. Brown. The heavy-mineral
data are part of a regional study of the heavy-mineral
zones by R. H. Morris. The help of many other engi-
neers, geophysicists, and geologists connected with the
above organizations is gratefully acknowledged.

SQUARE LAKE TEST WELL 1

Approximate location: Lat 69°34’ N., long 153°18’ W.
Elevation: Ground, 324 feet ; kelly bushing, 340 feet.
Spudded : January 26, 1952.

Completed : April 18, 1952 ; plugged and abandoned.
Total depth: 3,987 feet.

Square Lake test well 1 was drilled to test Cretaceous
rocks on an anticline defined by United Geophysical
Co., Inc., by reflection seismograph in 1951, It is about
145 miles southeast of Barrow on the north edge of the
northern foothills section of the Arctic foothills prov-
ince. The area immediately surrounding the test has
less than 50 feet of relief, and the region north of the
well is flat, marshy, and dotted with lakes connected
by small meandering streams (fig. 34). A few miles
south and east of the test, low hills rise about 500 feet
above the lowland. The coastal plain is mantled with
marine sand deposits of Pleistocene age, and Upper
Cretaceous rocks crop out in the hills. The location
of the test well is only approximate, as its latitude and
longitude were not accurately established. The loca-
tion of the site with respect to the seismic lines run by
United Geophysical Co., Inc., has been carefully deter-
mined, however; and the hole is correctly located with
respect to the structure contours on figure 34.

Beds dip gently away from the crest of the anticline,
and contours drawn by United Geophysical Co., Inc.,
on a seismic horizon at a depth of 3,000 feet show a
vertical closure of much more than 200 feet enclosing
an area of about 24 square miles.

The test well is on the northeast side of the east-

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1944—53

trending anticline, about 75 feet structurally lower than
the apex. The anticline is on the south flank of a struc-
tural basin outlined farther east by the Umiat and
Gubik anticlines and to the west by the Oumalik anti-
cline. Regional surveys by United Geophysical Co.,
Inc., in 1947 show that the observed gravity decreases
westward in the vicinity of the well. The area is also
underlain (according to an airborne magnetometer
survey made in 194546 by the U. S. Navy and the Geo-
logical Survey) by the northwestward-plunging end of
the largest magnetic anomaly in the region, the center
of which nearly coincides with the crest of the Umiat
anticline.

Sandstone beds in the Tuluvak tongue of the Prince
Creek formation which contain gas at the Gubik field
(Robinson, 1958), and sandstone beds of the Nanushuk
group which produce oil and gas at Umiat (Collins,
1958), are nonpetroliferous in this test. Formation
tests were inconclusive because ice formed in the testing
instrument ; but two gas-bearing sandstones in the Sea-
bee formation, at 1,646-1,675 feet and 1,835-1,860 feet,
are estimated by Arctic Contractors to contain from 41
to 58 billion cubic feet of gas. Both sandstone beds
produced water as well as gas.

STRATIGRAPHY

The following gives the depths at which the strati-
graphic units were found in Square Lake test well 1:

Depth (feet)
16-25 . _____ Gubik formation.
25-700. - . _____ Tuluvak tongue of the Prince Creek
formation.
700-1,885_ .. ______ Seabee formation.
1,885-2,475__________ Ninuluk and Chandler formations, un~
differentiated.
2,475-3,987_ . ___.___ Grandstand formation.

The well spudded in a thin mantle of alluvium com-
posed of well-rounded sand and gravel made up of
clear, white, and yellow quartz and black chert. In
the first sample, from 30 feet, rocks from Cretaceous
strata as well as surface material were recovered.

In this well the Tuluvak tongue of the nonmarine
Prince Creek formation (Colville group, Upper Cre-
taceous) underlies the alluvium. This sequence of beds
is composed primarily of sandstone, with some shale,
and is characterized by a large amount of bentonite and
some coal. The sandstone is light to medium light
gray, silty, and micaceous and commonly has a very
bentonitic matrix which makes most of it impermeable.
Carbonate minerals, which are probably cementing ma-
terial, range from 0O to 30 percent; in some places the
amount changes abruptly. The very calcareous parts
are lighter gray than the noncalcareous ones. Most of
the rock is impermeable to air, and the effective poros-
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ity ranges from 1.9 to 23.2 percent. The sand is very
fine to medium grained, and the particles are angular
to subrounded clear and white quartz with some white
and gray chert and coal fragments, The coarser sand-
stone beds commonly contain enough dark grains to
give them a salt and pepper appearance. Rare siltstone
beds are similar to the sandstone. Most of the clay
shale is medium to medium light gray, silty in part, and
bentonitic, with thin beds and laminae of siltstone. A
minor amount of clay shale, commonly associated with
coal, is black and carbonaceous. Bentonite is present
both as a conspicuous constituent of some shale, silt-
stone, and sandstone beds, and as laminae or beds as
much as 2 feet 8 inches thick. The beds of bentonite are
grayish or yellowish white and friable ; some are argil-
laceous and silty. They commonly contain rare to
abundant particles of carbonaceous material and mi-
nute biotite flakes. Thin coal beds (the thickest cored
was 1 foot 3 inches) are present at several depths.
Coaly partings were noted in many sandstone beds, and
carbonized plant fragments are common in some beds
of shale. The bottom of the Prince Creek formation is
placed at 700 feet, at the base of the sequence dominated
by sandstone. A bed of shale at 522-550 feet contains
a few Foraminifera. (Seep.479.)

Below the Prince Creek formation the well entered
the marine Seabee formation of the Colville group.
The upper part of this formation consists of about
440 feet of bentonitic medium-gray clay shale and is
separated from several hundred feet of darker harder
less bentonitic shale by 50 feet of light-gray fine-grained
slightly bentonitic partly calcareous sandstone. Thin
beds of bentonite are very rare in the upper shale, which
also contains a few thin beds of siltstone. The darker
shale in the lower part of the formation is slightly
silty, with silty laminae and beds of medium-gray silt-
stone that are thicker and somewhat more common than
those in the upper part of the shale. Below the base
of the lower shale at 1,630 feet are 2 beds of sandstone
120 and 45 feet thick. The upper sandstone bed is light
to medium light gray, fine to medium grained, silty, and
slightly to very argillaceous; the lower, thinner bed
is calcareous. Air permeability of the sandstone is low,
ranging from impermeable to 43 millidarcys; and the
effective porosity is 10.3 to 20.4 percent. The sand is
composed of angular to subangular clear and white
quartz, with a few dark rock fragments and chert ; mica
is rare. These sandstone beds, both of which contain
gas, are separated by 140 feet of medium-dark-gray
clay shale which is similar to the overlying beds. Be-
neath the lower sandstone are thin beds of clay shale and
siltstone, a 1-inch bed of yellowish-gray clay ironstone,
and, marking the base of the formation at 1,885 feet, a
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thin conglomerate of rounded black chert pebbles one-
eighth- to one-quarter inch in diameter.

The top of the Nanushuk group is marked by an
abundance of Zrochammina rutherfordi Stelck and
Wall, and Gaudryina canadensis Cushman (see p. 480)
just below the top of the conglomerate. These two
species of Foraminifera are characteristic of the Ninu-
luk formation, the uppermost formation of the group.
In this well the contact between the Ninuluk formation
(Upper Cretaceous) and the underlying nonmarine
Chandler formation (Lower Cretaceous and Upper
Cretaceous) cannot be determined definitely, although
a 75-foot interval of sandstone containing a few thin
beds of clay shale probably represents the Ninuluk
formation. Beneath this sandstone,in descending order,
are 10 feet of siltstone, about 200 feet of clay shale
with a few thin beds of sandstone, and approximately
500 feet of interbedded sandstone and clay shale. These
beds contain essentially no marine fossils, although
some contain clay ironstone nodules and laminae of coal
and carbonaceous plant fragments. The entire sequence,
from 1,885 to 2,475 feet, makes up the Ninuluk and
Chandler formations, undifferentiated. The base of
this unit is the basal sandstone of the nonfossiliferous
sequence.

The apperance of the Verneuilinoides borealis micro-
fauna (see p. 480) in the shale beneath the Chandler
formation indicates the presence of the marine beds
of the Grandstand formation (Nanushuk group, Lower
Cretaceous), consisting of interbedded sandstone and
shale alternating with thick, massive beds of sand-
stone. The clay shale is medium dark gray, micaceous
in part, slightly to very silty, and has laminae of
medium-light-gray siltstone within it. The thin beds
of sandstone are medium light gray, silty, argillaceous,
and commonly noncalcareous. Five massive sandstone
beds, 50 to 125 feet thick, were penetrated in the lower
1,000 feet of the hole. These sandstones are medium
light gray, fine to very fine grained, slightly to very
silty, and slightly to very calcareous in a few short inter-
vals. The upper sands are somewhat coarser, less silty
and argillaceous, and more calcareous than the lower
sands, and the uppermost bed is the only one which
has permeability (1.7 to 6.8 millidarcys). Porosity is
low, ranging from 2.5 to 12.9 percent ; the uppermost bed
is the most porous of the group. The sand is composed
of angular to subrounded grains of clear and white
quartz, with some chert and rare dark rock fragments.
Mica is rare to common. The sandstone beds contain
a few laminae and thin beds of clay shale; carbonaceous
partings are rare. An intraformational conglomerate
of claystone fragments is present at 3,714 feet, and
swirly bedding is at 3,190 feet. Very faint oil stains
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were noted in a few of the sandstone beds, but tests re-
covered only drilling mud. The beds are separated by
from 20 to 150 feet of medium-dark-gray clay shale
with thin beds of siltstone and sandstone. Between the
base of the lowest massive sandstone and the bottom of
the hole is an 80—foot interval of shale which may be
in either the Grandstand or the Topagoruk formation.
The two are distinguished only by the thicker, more
massive sandstone beds in the upper formation; and
as the presence or absence of sandstone below the bot-
tom of the hole is uncertain, this shale is 1ncluded in the
Grandstand formation.

DESCRIPTION OF CORES AND CUTTINGS

Descriptions of the rocks penetrated in Square Lake
test well 1 are based on examinations of cores and cut-
ting samples. Composition as shown on the graphic
logs, however, is determined in part by an interpreta-
tion of the electric log, and hence may differ slightly
from the written description. The material was de-
scribed dry, and colors were determined by comparison
with the Rock Color Chart (Goddard and others 1948).
The depths were measured from the top of the kelly
bushing.

“Clay ironstone” is a yellowish-gray to grayish-yel-
low dense hard argillaceous rock with conchoidal frac-
ture; it is sideritic, and usually reacts Wlth cold dilute
hydrochloric acid.

Abundance of microfossil specimens mentioned at
the beginning of each core description is defined as fol-
lows: 14, very rare; 5-11, rare; 12-25, common ; 26-50,
abundant; more than 50, very abundant.

Lithologic description
[Where no core is listed, description is based on cutting samples]

Core Depth (feet) Remarks

0-16
16-30
—— 30

Kelly bushing to ground level.

No sample.

Sand and gravel; composed of well-rounded
clear white and yellow quartz and black
chert. Black shiny, blocky-facturing
coal is also present. A few pieces of
medium-light-gray clay shale are glightly
to very silty, micaceous, noncalcareous,
and slightly bentonitic. Rare clay iron-
stone is light yellowish gray. Top of
Tuluvak tongue of Prince Creek forma-
tion at 25 ft. Samples to 130 ft contain
a large amount surface gravel; this is not
included in description below.

Clay shale, light-gray, bentonitic; very
fine-grained angular white quartz sand;
also coal.

Clay shale and coal.

30-70

70-80

466290—59——2

427

Lithologic description—Continued

Core

Depth (feet)

Remarks

80-130

130-140

140-150

150-160

160-170
170-200

200-212

212-220
220-235

235-255

Clay shale, with some coal; small amount
white very fine-grained slightly bento-
nitic sandstone in lower 10 ft.

Clay shale, light-gray; black coaly clay shale;
and light-gray fine- to medium-grained
bentonitic noncalcareous very slightly
micaceous sandstone. Electric log indi-
cates sandstone throughout interval.

Clay shale, light-gray, nonmicaceous, ben-
tonitic, slightly silty in part.

Sandstone, light-gray, very fine-grained,
noncalcareous; very slightly bentonitic;
some clay shale.

Clay shale, medium-gray, very silty, non-
bentonitic.

Clay shale, with some white bentonite and
small amount black shale.

Recovered 5 ft: Microfossils absent.

9 in., drilling mud with }%-in. fragments
of medium-gray clay shale.

2 in., coal, black, dull; poor shaly to
blocky cleavage.

4 in., bentonite, grayish-white, argil-
laceous; with very rare silt-sized
flakes of biotite and coal.

4 in., coal, black, dull to shiny; shaly
cleavage; %-in. bentonite beds as
above.

4 in., bentonite, light-olive-gray, very
argillaceous, slightly calecareous.

2 in., coal, as above.

2 ft 3 in., coal, interlaminated with black
carbonaceous shale.

8 in., claystone, medium-gray, very
bentonitic, noncaleareous; slightly
waxy luster.

Coal and black shale.

Sandstone, light-gray, fine-grained, non-
caleareous, nonbentonitic.

Recovered 19 ft: Mierofossils absent.

5 ft, sandstone, medium-light-gray,
medium-grained, salt and pepper,
slightly argillaceous, slightly to very
calcareous, massive; very rare coaly
patches. Sand grains are angular to
subrounded white and clear quartz
with some white and gray chert, and
coal particles; dark rock fragments
and mica are rare. At 237 ft effective
porosity 15.5 percent, and carbonate
content 29.1 percent by weight; rock
is impermeable to air.

5 in., sandstone, light-gray, fine-grained,
argillaceous, very slightly calcareous.

4 ft 7 in., sandstone, as in top of core,
medium-grained; grades to fine grained
with depth.

1 ft 3 in., sandstone, salt and pepper as
above, medium-grained.
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Lithologic description—Continued

Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

255~274

3 ft 8 in., sandstone, light-gray, fine-

grained, slightly to very calcareous;
common faint-yellowish-gray silty cal-
careous streaks dipping approximately
22°, At 247 ft rock impermeable to
air but has effective porosity of 12.4
percent.

2 in., siltstone, light-gray, bentonitic;

medium-dark-gray clay laminae dip-
ping 17° (cross bedding?).

7 in,, sandstone, very fine-grained,

argillaceous, noncalcareous, benton-
itic; very rare carbonaceous streaks.

5 in., clay shale, medium-gray, noncal-

careous, slightly bentonitie; blocky to
poor shaly cleavage; grades to argil-
laceous bentonitic medium-light-gray
siltstone with clay laminae.

2 ft 9 in., sandstone, light-gray, very

fine-grained, very argillaceous, slightly
to noncalcareous; yellowish-gray silt-
stone streaks and rare carbonaceous
patches; there are 2-in. beds of
medium-light-gray noncalcareous clay
shale at 253 and 254 ft.

2 in.,, clay shale fragments, medium-

gray, nonsilty, noncalcareous; abund-
ant specks of coaly material.

Recovered 18 ft: Microfossils absent.

7 in., coal particles and clay shale, as
at base of core 2.

8 in., coal, black, dull to shiny; shaly
to blocky fracture; there is a ¥%-in. bed
of medium-gray medium-grained very
calcareous sandstone at top.

1 ft 9 in., clay shale, medium-dark-
gray, nonmicaceous, noncalcareous;
fair shaly cleavage; carbonaceous
streaks and flakes; specks of amber
abundant in upper part but grade to
absent at base. Slickensides on some
surfaces.

1 ft, claystone, medium-gray, very
bentonitic; rare minute carbonaceous
particles.

2 ft 8 in., bentonite, grayish-white,
slightly silty; very gilty rare minute
carbonaceous particles, with abundant
minute biotite and carbonaceous flakes
in lower part.

10 in., claystone, bentonitic, as above.

4 in., clay shale, medium-gray; in-
dividual laminae warped and parted
by calcite veins of varying thickness
which make up at least half of the
rock volume. Clay ironstone patches
at top and bottom.

2 ft, claystone, medium-gray, non-
calcareous; medium-gray fissile clay
shale and two thin (< 1 in.) beds

274-280
280-290

290-300

300-330

330-340
340-350
350400

400-410
410-420
420-430

430449

449-469

of shaly coal at 265 ft. Roland W.
Brown identified a fragment of Cis-
sites? sp., a Cretaceous plant, from
264 ft.

1 ft 1 in., bentonite, white; 2-in. in-
tervale of black carbonaceous fissile
clay shale in center and at base of
gection.

1 ft 9 in,, clay shale, medium-gray,
gilty, noncalcareous; rare medium-
light-gray silt laminae. Beds lie flat.

2 in., bentonite, white.

10 in., clay shale, interlaminated with
medium-light-gray noncalcareous silt-
stone. Grades into unit below.

3 ft 4 in., claystone, medium-light-gray,
medium-dark-gray at base, silty; ir-
regular crossbedded siltstone laminae.

4 in., coal, black, dull; ghaly fracture.

3 in., clay shale, medium-light-gray,
bentonitic, coaly.

5 in., bentonite, white.

Clay shale, medium-gray, nonbentonitie.
Bentonite, very light-yellowish-gray, very
argillaceous; small amount clay shale,
Clay shale, light-gray; small amount clay

ironstone.

Clay shale with some sandstone, light-
gray, fine-grained, nonbentonitic; very
fine-grained very silty sandstone and
siltstone in bottom 10 ft. Black car-
bonaceous plant fragments in shale.

Clay shale, light- to medium-light-gray.

Clay shale and bentonite.

Sandstone, light-gray, fine-grained, nonecal-
careous, nonbentonitic; light- to medium-
gray clay shale.

No sample.

Clay shale, with some sandstone as above.

Sandstone and clay shale as above; small
amount medium-light-gray argillaceous
dense limestone cut by an aragonite
veinlet.

Sandstone, very light-gray, medium- to
fine-grained, calcareous, nonbentonitic;
gsome clay shale. .

Recovered 20 ft: Microfossils absent.

1 ft 3 in., coal, black, dull to shiny;
ghaly cleavage to blocky fracture.

2 ft 10 in., clay shale, light-olive-gray,
noncalcareous, very bentonitic; ben-
tonite decreases with depth. Grades
into unit below.

10 ft 7 in., clay shale, medium-light-
gray, fissile; abundant carbonaceous
plant fragments, especially in the
upper part; coaly fragments of
Metasequoia cuneata (Newberry)
Chaney, (identified by Roland W.
Brown), and dicotyledonous plants.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
8 in., claystone, medium-light-gray, tive porosity 14.3 percent; air permea-
noncaleareous. bility 9 millidareys, carbonate content
4 ft 8 in., clay shale, medium-light-gray; by weight 10.25 percent.
intercalations and thin beds of me- 2 ft 4 in., sandstone, as above, but very
dium- to medium-light-gray very fine-grained. Grades into unit below.
fine-grained silty bentonitic sand- 2 ft 6 in., sandstone, fine-grained; as at
stone that is calcareous in upper part. top of core.
A few streaks of light-gray fine- to 1 ft 3 in., siltstone, light-gray, sandy,
medium-grained very calcareous sand- calcareous, bentonitic; common slight-
stone in upper 2 ft. ly carbonaceous laminae dipping less
——— 469-490 | Clay shale, with minor amount of sandstone than 2°.
in upper half and black shale in lower 5 in., sandstone, fine-grained; as at top
half. of core. Grades to medium grained at
———— 490-500 | Clay shale, black, coaly; and light-gray base.
clay shale, with minor amount coal. 1 ft 5 in., clay shale, light-greenish-gray,
———— 500-512 | Sandstone, as in core 5. noncalcareous, very bentonitic; frag-
5 512-532 | Recovered 20 ft: Microfossils rare. ment of Metasequoia cuneate (New-
14 ft 5 in., sandstone, medium-light- to berry) Chaney from 585 ft was identi-
olive-gray, very fine-grained, very fied by Roland W. Brown.
silty, very slightly calcareous, very 8 in., coal; laminae of black shale.
bentonitic. Sand grains are very 3 ft 7 in., claystone, light-greenish-gray,
angular, composed of white quartz, noncalcareous; grades to medium light
commonly frosted; gray and dark rock gray at base; subconchoidal fracture
fragments; mica is common, pyrite becoming fissile toward base.
and glauconite absent. At 514 ft 8 590-608 | Recovered 11 ft: Microfossils absent.
effective porosity 15.1 percent, at 525 1 ft 7 in., claystone fragments, medium-
ft effective porosity 9.4 percent, and dark- to dark-gray; small curved slick-
carbonate content by weight 17.9 per- ensided surfaces on a few pieces.
cent; samples from both depths are 4 ft 5 in., siltstone to silty claystone, very
impermeable. light- to light-gray, slightly calcareous,
2 ft 7 in., clay shale, medium- to medium- very bentonitic; with rare carbona-
light-gray, slightly silty, noncalcare- ceous particles and abundant biotite
ous, very bentonitic. Beds lie flat. flakes (some euhedral) on bedding
7 in., sandstone, as above. planes. Thin 1-to 2-in, beds of light-
2 ft 5 in., clay shale, as above. gray bentonite.  Poor shaly cleavage
6 532-552 | Recovered 18 ft: Microfossils rare. parallel the bedding suggests the beds
1 ft 7 in., sandstone, as in core §; with lie flat.
1-in. clay ironstone at base. 3 ft 11 in., claystone, very bentonitic;
1ft 5 in., clay shale, as in core 5. grades to argillaceous bentonite; in-
1 ft 3 in., siltstone; similar to sandstone filtrated with drilling mud. Rock is
above. light to medium light gray, non-
13 ft 9 in,, clay shale, as above; rare calcareous, and has irregular to blocky
thin beds (< one-half inch thick) of fracture.
silt and very fine-grained sandstone, 1 ft 1 in., claystone, medium-light-gray,
and two 10-in. beds of medium-light- noncaleareous, hard, dense.
gray noncaleareous siltstone, with thin 9 608-629 | Recovered 20 ft: Microfossils absent.
beds of clay shale between 541-542 ft Sandstone, light-gray, fine- to medium-
and 546-547 ft. grained, bentonitic, massive; very cal-
——— 552-570 | Sandstone, as in cores 5 and 6. careous from 613-615 ft and from 625—
7 570-590 | Recovered 20 ft: Microfossils absent. 629 ft and somewhat lighter colored

7 £t 10 in., sandstone, medium-light-gray,
fine-grained, slightly to very calcare-
ous, very bentonitic; composed of
angular to subangular grains of white
and clear quartz, and gray and dark
rock fragments.  Biotite is common.
Minute bentonitic streaks; carbona~
ceous partings are rare. Two calcite
streaks in very calcareous rock are
between 575-576 ft. At 576 ft effec-

through calcareous intervals compared
with noncaleareous sections above and
below. Calcareous sections usually
have sharp contacts with over- and
underlying beds. Sand is composed of
angular to subangular white and clear
quartz and gray and dark rock frag-
ments; biotite is common; carbonace-
ous plant flakes on a few rare partings
which dip approximately 12° (cross-
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Core

10

11

12

13

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

629-649

649-669

669-689

689-708

bedding?). At 611 ft effective porosity
21.8 percent, and air permeability 54
millidarcys. At 627 ft effective porosity
1.9 percent, carbonate content 40.8
percent, and rock is impermeable.
Recovered 19 ft: Microfossils absent.

Sandstone, as above; calcareous from
629-630 ft and 634-639 ft; lower part
of latter interval is yellowish gray and
very calcareous. Rest of core to 649
ft is moderately calcareous. At 632 ft
effective porosity 23.2 percent, and air
permeability 11 millidarcys. At 641
ft effective porosity 10.9 percent, car-
bonate content 25.6 percent, and rock
is impermeable.

Recovered 20 ft: Microfossils absent.

3 ft 9 in,, siltstone, medium-light-gray,
argillaceous, noncalcareous, bentonitic;
rare particles of coal and mica flakes.
Beds lie flat.

8 in., sandstone, light-gray, medium-
grained, salt and pepper, argillaceous,
noncalcareous.

9 in,, clay shale, medium-light-gray, non-
calcareous, slightly bentonitic; lam-
inae and intercalations of light-gray
noncalcareous slightly fo very ben-
tonitic claystone.

3 ft 3 in., siltstone, as above,

2 ft 7 in., claystone, medium-light-gray,
slightly silty in part, noncalcareous,
bentonitic; blocky to subconchoidal
fracture.

9 ft sandstone, light-gray, fine- to me-
dium-grained, salt and pepper, argil-
laceous, micaceous, noncalcareous; car-
bonaceous partings are common below
665 ft. At 661 ft an impermeable
sample has an effective porosity of
18.2 percent. Beds lie flat.

Recovered 20 ft: Microfossils absent.

19 ft 3 in., siltstone and very fine-grained
sandstone, light-gray, noncalcareous,
very bentonitic; with common biotite
flakes. At 672 ft and at 683 ft
effective porosity 17.3 and 11.7 per-
cent, respectively; both samples im-
permeable. Grades into unit below.

9 in,, claystone, light-gray, noncalcare-
ous, very bentonitic; biotite common.

Recovered 19 ft: Microfossils very rare.

10 ft 9 in,, claystone, interbedded with
siltstone and sandstone, as in core 12;
slightly to badly infilirated with
drilling mud.

3 ft 3 in,, siltstone, light-gray, slightly
calcareous in part, bentonitic. Swirly
bedding, marked by irregular steeply

14

15

16

708-728

728-780
780-810

810-820
820-830

830-890
890942

942-960

960-980
980-1, 000

1, 000-1, 040

1, 040-1, 048

1, 048-1, 055
1, 055-1, 066

dipping clay streaks (and one clay
ironstone streak), is between 700-701
ft. Top of Seabee formation at 700 ft.

5 ft, claystone, medium-gray, noncal-

careous; interbedded with medium-
light-gray very argillaceous noncalcar-
eous bentonitic siltstone. Beds lie
flat,

Recovered 20 ft: Mierofossils very rare.
Clay shale, medium- to medium-light-

gray, silty in part, noncalcareous,
bentonitic in part; rare medium-light-
gray silty streaks and laminae; poor
shaly cleavage. Thin beds of sandy
silt at 715-16 ft. Rare flakes of car-
bonized plants. Small round or oval
patches (one-sixteenth inch in diam-
eter) of medium-light-gray clay on
light-gray silty claystone are common
in some parts of core. Laminae of
grayish-white bentonite rare. Beds
tie flat.

Clay shale, medium- to medium-light-gray.

Clay shale, medium-gray; some medium-
light-gray siltstone; white bentonite at
790-800 ft.

Clay shale, medium-gray.

Clay shale, with small amount medium-
light-gray slightly calcareous sandstone.

Clay shale, medium-gray, bentonitic.

Clay shale, as above; with some medium-
light-gray calcareous bentonitic siltstone.

Recovered 17 ft: Microfossils absent.
Claystone, medium- to medium-dark-

gray, silty, noncalcareous, very slightly
bentonitic; abundant laminae of me-
dium-light-gray siltstone and silty
claystone. Poor shaly cleavage in
upper part and at base of core. Silty
laminae lie flat; one irregular %-in.
streak of sandstone at 950 ft dips
approximately 20°.

Clay shale and bentonitic siltstone; minor
amount of bentonite in upper 10 ft.

Clay shale, bentonitic; small amount
bentonitic siltstone.

Clay shale, medium-gray, noncalcareous,
slightly bentonitic; trace of siltstone in
bottom 10 ft.

Sandstone, light-gray, fine-grained, salt
and pepper, calcareous.

No sample.

Recovered 10 ft: Microfossils absent.

5 in., sandstone, light-gray, fine-grained,

noncalcareous, slightly bentonitic.

3 in., claystone, with silt laminae as in

core 15.

4 in., sandstone, as above; - by 2-in.

clay ironstone nodule at top.
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Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

17

18

1, 066-1, 085

1, 085-1, 087

1, 087-1, 090
1, 090-1, 100

1, 100-1, 130

2

1 ft 9 in., claystone, medium-light- gray
noncaleareous, slightly bentonitic; with
a %-in. bed of clay ironstone 2 in.
above base, and a 2%-in. sandy clay-
stone bed with abundant carbonaceous
partings at base.

1 ft 5 in., sandstone, light-gray, fine-
grained, argillaceous, noncalcareous,
bentonitic; composed of angular to
subangular clear and white quartz
grains with gray and dark rock and
chert fragments; biotite is common.

10 in., claystone, with silt streaks as
above.

5 ft, sandstone, as above; but very cal-
careous and slightly lighter in color
from 1,063-1,065 ft. At 1,063 ft
effective porosity 15.4 percent, air
permeability 12 millidareys, carbonate
content percent by weight 10.70.

Recovered 19 ft: Microfossils absent.

3 ft, sandstone, as at base of core 16;
becomes less caleareous with depth.
At 1,067 ft effective porosity 1.6 per-
cent, carbonate content 47.1 percent
by weight, rock is impermeable.

12 ft, sandstone, as above; numerous 1-
and 2-in. claystone beds (as in core
16) which make up approximately 20
percent of the interval; one claystone
bed at 1,073 ft is 8 in. thick. At
1,077 ft clay laminae and carbona-
ceous partings dip 20° to 22°, and some
clay streaks indicate swirly bedding.
An angular 2-in. fragment of clay-
stone, which has slightly silty lami-
nae, and a thin bed of clay ironstone
are at top of swirly bedding, embedded
in sandstone.

4 ft, claystone, as in core 16 above;
laminae and thin (2 to 3 in.) beds of
silt and very fine-grained sandstone
totaling 10 percent of the rock; rare
carbonaceous partings in sandstone.
Beds lie flat.

Recovered 2 ft: Microfossils absent.
Claystone, with laminae of silt and sand-

stone as at base of core 17; a 1-in. in-
terval of rock at 1,086 ft is approxi-
mately 50 percent clay shale and 50
percent coaly flakes. Beds lie flat.

No sample.

Clay shale, slightly bentonitic; and ben-
tonitic siltstone with abundant biotite
flakes.

Clay shale, medium-light-gray, very slight-
ly bentonitic; a minor amount of white
bentonite and light-gray argillaceous
bentonite.

19

20

21

1, 130-1, 140

1, 140-1, 150

1, 150-1, 160
1, 160~1, 200

1, 200-1, 210

1, 210-1, 240
1, 240-1, 250

1, 250-1, 280

1, 2801, 286
1, 286-1, 306

1, 306-1, 430

1, 430-1, 451

1, 451-1, 468

1, 468-1, 478

1, 4781, 480
1, 480-1, 490

1, 490-1, 510
1, 510-1, 520

1, 520-1, 550

Clay shale, medium-light-gray; a small
amount of medium-~dark-gray clay shale.

Clay shale, medium-dark-gray; a small
amount of medium-light-gray clay shale;
rare microscopic collophane? balls.

Clay shale, medium-dark-gray; a small
amount of medium-gray siltstone.

Clay shale, medium-dark-gray, slightly
silty, slightly micaceous, as in core 19.
Clay shale; a small amount of white ben-
tonite and some bentonitic slightly cal-
careous siltstone (contamination from

above?).

Clay shale, medium-dark-gray.

Siltstone, medium-light-gray, noncaleare-
ous, slightly bentonitiec.

Clay shale, medium-dark-gray, nonben-
tonitic. Microscopic collophane? balls
are rare at 1,260-1,270 ft.

No sample.

Recovered 4 ft: Microfossils abundant.
Clay shale, medium-dark-gray, slightly

micaceous, noncaleareous; abundant
discontinuous laminae of medium-
light-gray siltstone. Beds lie flat.

Clay shale, medium-dark-gray, as in core
19 above; a small amount of siltstone at
1,310-1,320 and 1,420-1,430 ft, and a
trace of bentonite at 1,400-1,420 ft.

Siltstone, olive-gray, sandy, slightly cal-
careous; a small amount of clay shale.

Recovered 7 ft: Microfossils abundant,.

5 ft 7 in., clay shale, medium-dark-gray,
slightly silty, noncalcareous; poor
shaly cleavage; silty laminae in lower
part, and 2 in. of caleareous claystone
at base.

10 in,, siltstone, medium-light-gray, ar-
gillaceous, crossbedded, very calcare-
ous; rare clay laminae.

5 in., clay shale, as above.

2 in,, siltstone, as above.

Recovered 13 ft (including 3 ft from core

20): Miecrofossils abundant.

Clay shale, medium-dark-gray, slightly
silty and micaceous; abundant thin
(1 to 2in.) beds of calecareous medium-
to medium-dark-gray siltstone, and a
few Y-in. streaks of clay ironstone.
The silt totals 25 percent of the rock.
The beds have fair shaly cleavage
and lie flat.

No sample.

Siltstone, medium-gray, argillaceous; and
medium-dark-gray claystone.

Clay shale, medium-dark-gray.

Siltstone, light-olive-gray, noncalcareous;
trace of clay shale.

Clay shale, with trace of siltstone in upper
10 ft.
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Oore

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

22

23

24

25

1, 550-1, 570
1, 570-1, 590
1, 590-1, 610
1, 610-1, 620
1, 620-1, 630

1, 630-1, 637

1, 637-1, 657

1, 657-1, 675

1, 675-1, 695

1,695-1,715

Clay shale, with some siltstone.

Clay shale.

Clay shale and siltstone.

Clay shale, with small amount of siltstone.

Clay shale, with some light-gray fine-
grained salt and pepper argillaceous cal-
careous nonbentonitie sandstone.

Sandstone, as above; with trace of shale
and siltstone.

Recovered 12 ft: Microfossils absent.

Sandstone, light-gray, fine-grained, silty,
nonealcareous, slightly bentonitic; poor
shaly cleavage. Sand is composed of
angular to subangular white and clear
quartz, with a small amount of gray
chert and dark rock fragments. At
1,646 ft effective porosity 18.7 percent,
air permeability 20 millidareys, and
carbonate content 13.73 percent by
weight, Mica is rare, pyrite and
glauconite are absent. A 1-ft 9-in.
section 4 ft above the base of the in-

_ terval is slightly coarser, somewhat
lighter in color, and calcareous. Beds
lie flat.

Recovered 20 ft (including 2 ft of core 22):
Microfossils absent.

Sandstone, as above, but massive,
glightly to very calcareous in part;
rare carbonaceous partings in the
lower half of the core. Pale-straw-
colored cut and very pale-yellow
residue in CCL at 1,662 ft. At 1,662
effective porosity 11.6 percent, car-
bonate content 15.68 percent by
weight, and rock is impermeable; at
1,671 ft porosity 10.3 percent, air
permeability <1 millidarecy, and
carbonate content 13.45 percent by
weight.

Recovered 20 ft: Microfossils absent.

Sandstone, as in core 22, slightly to very
caleareous; slightly coarser (fine- to
medium-grained) below 1,686 ft.
Beds lie flat. Inoceramus shell frag-
ments abundant in a 2-in. interval
at the base of the finer sand at 1,686
ft; at 1,685 ft effective porosity 18.3
percent, air permeability 28 milli-
darcys, and carbonate content 5.85
percent by weight; at 1,687 ft po-
rosity 20.4 percent, permeability 30
millidareys.

Recovered 19 ft: Microfossils very rare.

12 ft 8 in., sandstone, light- to medium-
light-gray, fine-grained, slightly argil-
laceous, slightly calcareous in part,
nonbentonitic. Sandstone is massive
except for carbonaceous limonitie
very bentonitic laminae which are

26

27

1, 715-1, 735

1, 735-1, 755

abundant between 1,697-1,608 ft,
and dip 7° or less. Sand is composed
of angular to subangular grains of
clear and white quartz with a minor
amount of gray chert and dark rock
fragments. Biotite, muscovite, and
chlorite are rare. Inoceramus shell
fragments as large as 1 in. in diameter,
deposited parallel to bedding planes,
are scattered throughout. Pale-
gtraw-colored cut, and very pale-
yellow residue in CCl at 1,702 ft.
At 1,699 ft effective porosity 18.8
percent and air permeability 43 milli-
darcys. At 1,706 ft porosity 20,2 per-
cent, permeability <1 millidarey.

7 in., claystone, medium-gray, silty,
micaceous, noncalecareous; intercala-
tions of silt and very fine-grained sand-
stone. Poor shaly cleavage; dips 3°
or less.

3 ft, sandstone, medium-light-gray, very
fine-grained, argillaceous, moderately
calcareous; laminae of medium-gray
clay shale. A clay ironstone bed one-
half inch thick is at 1,710 ft.

2 ft 9 in., claystone, as above.

Recovered 20 ft: Microfossils absent.

6 in., claystone, medium-gray,
caleareous, bentonitic.

19 ft 6 in., sandstone, light-olive-gray
(grades to light gray with depth) fine-
grained (very fine grained near base
of core), slightly to very argillaceous,
slightly to moderately -calcareous.
Sand grains are angular to subangular
white and clear quartz with gray and
dark rock fragments and rare mica.
Carbonaceous laminae are abundant
in a 2-in. interval 6 in. below the top
of the sandstone and in 1-in. intervals
at 1,729 and 1,731 ft. A group of
oval clay ironstone nodules ¥ to 1 in.
in diameter is at 1,732 ft and one 2-in.
nodule at 1,733 ft. Pale-straw col-
ored cut, very pale-yellow residuein
CClL at 1,716 ft; no cut but similar
residue at 1,733 ft. At 1,723 ft effec-
tive porosity 17.9 percent, air per-
meability 37 millidarcys, and carbon-
ate content 12.84 percent; at 1,733 ft
effective porosity 16.1 percent, air
permeability 14 millidarcys, and car-
bonate content 17.5 percent.

Recovered 12 ft 6 in: Microfossils absent.

5 ft 4 in., sandstone, medium-light-gray,
very fine-grained, argillaceous, slightly
calcareous in part. At 1,740 ft effec-
tive porosity 13.3 percent, air permea-
bility <1 millidarey.

non-
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Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

28
29

30

1, 755-1, 775
1,775-1,776

1,776-1, 810

1, 810-1, 818

1,818-1, 825

2 ft 2 in., clay shale, medium-gray, very
slightly micaceous; medium-light-gray
laminae of very argillaceous silt.
Beds lie flat.

1 ft 1 in., siltstone, medium-light-gray,
very argillaceous, micaceous, noncal-
careous.

7 in., clay shale, as above.

1 £t 9 in., sandstone, as above; but with
abundant crossbedded silt laminae.

1 ft 7 in,, clay shale, interbedded with
siltstone.

No recovery.

Recovered 19 ft (including 18 ft from core
28): Microfossils common.

5 ft 3 in., clay shale, interbedded with
siltstone, as in core 27.

2 ft 7 in., claystone, medium-gray, silty,
noncalcareous; grades downward to
medium-light-gray slightly calcareous
siltstone which grades downward to
very fine-grained medium-light-gray
calcareous sandstone; the rock types
are approximately equal in thickness.
A Y%-in. bed of medium-grained sand-
stone marks the base of the interval.

3 ft, claystone, medium-dark-gray, very-
to slightly silty, micaceous, noncal-
careous.

3 ft 2 in., siltstone, medium-gray, argil-
laceous, slightly ealcareous siltstone
interbedded with medium-dark-gray
claystone.

10 in., siltstone, medium-light-gray,
slightly sandy, very argillaceous, slight-
1y calcareous; mottled streaks of very
calcareous siltstone that resemble
swirly bedding.

4 ft 2 in., claystone, medium-dark-gray,
very slightly silty, noncalcareous;
laminae of calcareous medium-light-
gray siltstone.

Clay shale, medium-dark-gray; trace of
siltstone.

Sandstone, fine-grained; coaly intercala-
tions; small amount clay shale and trace
of bentonite.

Recovered 7 ft: Microfossils very rare.

1 ft 9 in., sandstone, light-gray, fine-
grained, slightly argillaceous, very
calcareous; composed of angular to
subangular clear and white quartz
with a small amount of gray chert and
dark rock fragments. Mica is very
rare. Poor shaly cleavage indicates
that the beds are approximately flat
lying.

5 ft 3 in., claystone, medium-dark-gray,
slightly micaceous, noncalcareous;
common laminae of medium-light-gray

31

32

33

1, 825-1, 841

1, 841-1, 858

1, 858-1, 878

1, 878-1, 896

calcareous siltstone lie essentially
flat. Rare %- to 1-in. clay iron-
stone beds.

Clay shale, with some light-bluish-gray
bentonite, and a small amount of sand-
stone.

Recovered 17 ft: Microfossils absent.

2 ft 3 in., sandstone, very light-gray,
fine-grained, very calcareous; Inocera-
mus fragments usually less than one-
half inch in diameter are abundant.

6 ft., sandstone, as in core 30; Inoceramus
fragments (as much as 1% in. in di-
ameter) abundant in 1% in. intervals at
1,844 and 1,849 ft, and a 1%-in. bed
of yellowish-brown clay with abundant
plant impressions and carbonaceous
flakes at 1,847 ft. No cut, very pale-
yellow residue in CClg at 1,845 ft. At
1,845 ft effective porosity 17 per-
cent, carbonate content 20.85 percent
by weight. Grades into unit below.

8 ft 9 in., sandstone, light-gray, very
fine- to fine-grained, argillaceous, cal-
careous; poor shaly cleavage, and rare
slightly crossbedded carbonaceous
partings. Inoceramus fragments are
common in the upper 3 ft. At 1,854
ft effective porosity 13.5 percent, air
permeability <1 millidarey.

Recovered 20 ft: Microfossils absent.
Sandstone, as in the lower half of core

31 but lacking carbonaceous partings.
Fair shaly cleavage indicates that beds
are flat lying. Sand grains are angu-
lar to subangular, composed of clear
and white quartz with some gray and
dark rock fragments. Mica is very
rare. No cut or residue was noted in
CCls at 1,873 ft. At 1,863 ft effective
porosity 17.4 percent, at 1,873 ft ef-
fective porosity 16.4 percent, and air
permeability 17 millidarcys.

Recovered 18 ft: Microfossils very abun-

dant.

4 ft 6 in., sandstone, medium-light-gray,
very fine- to fine-grained, slightly ar-
gillaceous, moderately calcareous;
composed of angular to subangular
grains of clear and white quartz with
a minor amount of gray and dark rock
fragments. Mica is rare. Poor shaly
cleavage indicates that beds lie flat.
At 1,880 ft effective porosity 17.9 per-
cent, carbonate content 6.97 percent
by weight.

7 in., claystone, light-olive-gray, non-
calcareous.

2 in., claystone, medium-gray, nonecal-
careous, very silty.
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Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

34

35

1, 896-1, 897
1, 897-1, 910

1,910-1, 915
1, 915-1, 920

1, 9201, 940

7 in., siltstone, medium-light-gray, very
argillaceous, noncalcareous, cross-
bedded.

1 in., clay ironstone, yellow-gray, very
slightly calcareous.

% in., siltstone, as above; with rare
rounded black chert pebbles (one-
quarter inch in diameter) at base.

14 in., conglomerate of black chert peb-
bles, one-eighth to one-quarter inch
in diameter; well rounded pebbles with
sandy silt matrix.

6 ft 7 in., clay shale,dark-gray, slightly
silty in part, slightly micaceous, non-
calcareous; fair shaly cleavage. The
top of the Ninuluk and Chandler for-
mations, undifferentiated, at 1,885 ft.

5 ft 5 in., sandstone, medium-light-gray,
very fine- to fine-grained, silty, argil-
laceous, micaceous, slightly caleare-
ous; a few laminae and partings of
clay shale and carbonaceous material.
Rare thin (2 in. or less) beds of clay
shale.

No sample.

Sandstone, as in cores above; about 5 ft of
clay shale.

No sample.

Recovered 5 ft 6 in: Microfossils absent.

3 ft 5 in., sandstone, fine- to medium-
grained, salt and pepper, silty and
argillaceous, very calcareous, com-
posed of subangular to subround clear
and white quartz grains, and gray and
dark rock grains. At 1,916 ft effective
porosity 17.5 percent.

6 in., sandstone interbedded with silt-
stone and claystone, with a few car-
bonaceous laminae.

8 in., clay shale, medium-dark-gray; a
few silty micaceous laminae. Very
poor shaly cleavage.

11 in. siltstone, medium- to medium-
light-gray, very -calcareous; sandy
streaks indicates some crossbedding.

Recovered 18 ft: Microfossils very rare.

7 in., siltstone, slightly sandy, as at base
of core 34.

2 ft 7 in., sandstone, light-gray, fine-
grained, very calcareous, massive.
Grades into unit below.

4 ft 10 in., sandstone, medium-gray,
medium- to fine-grained, very calca-
reous; fair shaly cleavage; some car-
bonaceous partings in upper foot.
Beds lie flat. At 1,927 ft effective
porosity 13.6 percent, air permea-
ability 1.35 millidarcys, and carbonate
content 15.10 percent by weight.

36

37

1, 940-1, 949

1, 949-1, 960
1, 960-1, 980

1, 980-1, 990
1, 990-2, 000

2, 000-2, 020

2, 020-2, 035

3 ft 10in., claystone, medium to medium-
dark-gray, slightly to very silty, cal-
careous. A 1-in. streak of fine-grained
sandstone with carbonaceous partings
is at 1,929 ft.

1 ft 2 in., sandstone, light-gray, fine-
grained, very calcareous; poor shaly
cleavage; scattered carbonaceous part-
ings. A %-in. section 8 in, below the
top of the interval contains abundant
disc-shaped rounded fragments of me-
dium-dark-gray shale, 4s to 1 in. in
diameter; very rare scattered rounded
shale fragments are also present in a
6-in. interval below the intraforma-
tional conglomerate.

2 ft 5 in., claystone, as above, silty.
Grades into unit below.

4 in., sandstone, light-gray, very fine-
grained, very silty, calcareous; slight
cross-bedding.

5 in., claystone, as above.

1 ft 10 in., sandstone, as above; grades to
fine-grained sandstone. At 1,937 ft
effective porosity 11.1 percent, car-
bonate content 24.8 percent by weight,
and rock is impermeable.

Recovered 7 ft: Microfossils very rare.

2 ft 10 in., claystone, medium-dark-gray,
slightly calcareous; with streaks of
medium-gray slightly silty clay having
swirly bedding. A 4-in. interval of
cross-bedded medium-light-gray cal-
careous siltstone is a foot below the
top of the interval.

2 ft, sandstone, medium-light-gray, very
fine-grained, very silty and argillace-
ous, slightly calcareous; fine crossbed-
ding shown by slightly darker, siltier
layers.

2 ft 2 in., claystone, medium-dark-gray;
with abundant lenses and thin irregu-
lar discontinuous beds of medium-gray
sandy siltstone.

Clay shale, with some siltstone.

Clay shale, with a small amount of silt-
stone and sandstone.

Clay shale, with bluish-gray bentonite.

Clay shale, with a trace of sandstone and
bentonite.

Siltstone and clay shale, medium-dark-
gray, noncalcareous.

Recovered 14 ft: Microfossils absent.

1 ft 2 in., sandstone, medium-light-gray,
fine-grained, very silty, noncaleareous;
common carbonaceous partings and
laminae showing cross bedding. Grades
into unit below.
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Core Depth (feet) Remarks Core Depth (feet) Remarks

3 ft 4 in., claystone, medium-dark-gray, | ----| 2, 2502, 260 | Sandstone, as above; with some siltstone
silty, micaceous, noncalcareous. Ir- and clay shale.
regular laminae of sandstone and silt- | --..| 2, 260-2, 270 | Siltstone, clay shale, and sandstone.
stone are present in the lower two- | ___.| 2, 270-2, 280 | Sandstone, very fine- to fine-grained, salt
thirds of the interval. and pepper, slightly calcareous in part;

5 ft 3 in., sandstone, interlaminated with a minor amount of clay shale and silt-
light- to medium-gray calcareous silt- stone. One piece of siltstone has very
stone and silty clay shale. fine carbonaceous partings.

9 in., claystone, medium-dark-gray, | --__| 2, 280-2, 330 | Clay shale, with siltstone and sandstone.
slightly silty, noncalcareous; scattered | --._| 2, 330-2, 840 | Sandstone, with some clay shale and silt-
carbonaceous plant fragments. stone.

1 ft 9 in., claystone, as above; with thin 40 | 2, 340-2, 347 | Recovered 7 ft: Microfossils rare.
beds and laminae of black shiny coal Claystone, medium-gray, silty in upper
with shaly cleavage. part, slightly micaceous, nonealcar-

1 ft 9 in., claystone, as above. eous. Fragmental carbonized plant

2, 035-2, 056 | No sample. remains are common. Small clay
38 | 2,056-2, 065 | Recovered 9 ft 6 in: Microfossils absent. ironstone nodules are abundant at

8 ft 8 in., claystone, as at base of core 37; 2,340-2,341 ft. Pelecypod shell frag-
with 1 ft of very silty claystone a foot ment at 2,344 ft identified by Ralph
above the base of the interval. W. Imlay as Lingula sp.; Roland W.

10 in., clay shale, black, carbonaceous; Brown identified a fragment of the
coaly laminae. plant Cephalotazopsis intermedia Hol-

2, 065-2, 070 | Clay shale, with a small amount of silt- lick from 2,346 ft.
stone. __...] 2,847-2, 360 | Clay shale, with some sandstone and trace
----| 2,070-2,080 | Clay shale. of siltstone.
----| 2,080-2,100 | Clay shale, with some medium-light-gray | .__.| 2, 360-2, 370 | No sample.
very fine-grained calcareous sandstone. ----| 2,370-2,390 | Clay shale, with fine-grained hard sand-
----| 2,100-2, 130 | Clay shale, with a small amount of silt- stone and siltstone.

stone. ———-| 2,390-2, 400 | No sample.

——--| 2,130-2, 140 | Clay shale, with a small amount of sand- | ____| 2, 400-2, 410 | Clay shale, fine-grained sandstone and
stone and a trace of siltstone. siltstone.

-—--| 2,140-2, 150 | Clay shale. —--| 2,410-2, 430 | No sample.

—=--| 2,150-2, 160 | No sample. ——--| 2,430-2, 440 | Clay shale, with fine-grained sandstone, a

ce--| 2,160-2,199 | Clay shale, sandstone, and siltstone; trace of siltstone, and clay ironstone.
samples are poor and contain a large | _._.| 2, 440-2, 450 | No sample.

amount of recirculated material. .| 2,450-2, 460 | Sandstone, fine-grained; with eclay shale

39 | 2, 199-2, 207 | Recovered 8 ft: Microfossils absent. and a trace of siltstone.

5 ft 3 in., sandstone, very light-gray, | .._.| 2, 460-2, 470 | Clay shale, with a minor amount of silt-
very fine- to fine-grained, argillaceous, stone, and sandstone.
micaceous, slightly calcareous; grades | ____| 2, 4702, 480 | Siltstone, and clay shale. The top of the
to very fine-grained very silty sand- Grandstand formation is at 2,475 ft.
stone at base. Slightly darker, | _.__| 2, 480-2, 490 | Clay shale.
slightly carbonaceous partings are | -._.| 2, 490-2, 493 | No sample.
crossbedded. At 2,200 ft effective 41 | 2, 493-2, 505 | Recovered 10 ft: Miecrofossils abundant.
porosity 3.5 percent, carbonate con- 2 ft 3 in., clay shale, medium-dark-gray,
tent 25.8 percent by weight, and rock slightly micaeeous, noncalcareous;
is impermeable. poor shaly cleavage. A pelecypeod

2 ft 9 in., siltstone, medium-light-gray, (Thracia sp. identified by Ralph W.
noncaleareous; medium-gray elay shale Imlay) found at 2,494 ft. Beds lie
laminae increase from absent at top to flat. The rock grades into unit below.
about two-thirds of the rock at the 4 ft 8 in., clay shale, medium-gray,
base of the section. interlaminated with medium-light-

-] 2,207-2, 220 | Sandstone, as in core 39; some clay shale gray noncalcareous crossbedded silty
and siltstone, and a minor amount of shale; with a minor amount of sand-
clay ironstone. stone in lower part.

----| 2,220-2,230 | Clay shale, with traces of siltstone and 3 ft 1 in., clay shale, as above; with rare
sandstone. small lenticles of medium-light-gray

—---| 2,230-2, 240 | Sandstone, light-gray, fine-grained, non- siltstone.
caleareous. —---| 2,505-2, 510 | Sandstone, with some eclay shale, and a

----1 2,240-2, 250 | Sandstone, siltstone, and clay shale. trace of siltstone.

466290—59——3
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Core Depth (feet) Remarks Core Depth (feat) Remarks
—---| 2,510-2, 530 | Clay shale, with a small amount of silt- | ____| 2, 880-2, 900 | Sandstone, very fine- to fine-grained; some
stone. clay shale.
—---| 2,530-2, 540 | Clay shale; some sandstone indicated by | __._.| 2,900-2, 910 | Clay shale, with some siltstone, and a trace
electric log. of sandstone.
—---| 2,540-2, 560 | Clay shale, with a small amount of sand- | ____| 2,910-2, 940 | Clay shale, with some sandstone, and a
stone and siltstone. trace of siltstone.
—---| 2,560-2, 570 | Clay shale, sandstone, and siltstone. wen-| 2,940-2, 950 | Sandstone, with some clay shale, and a
—e--| 2,570-2,600 | Clay shale, with a small amount of sand- trace of siltstone.
stone and siltstone. ——--] 2,950-2,970 | Clay shale, medium-dark-gray, silty; also
wu--| 2,600-2, 610 | Clay shale, sandstone, and siltstone. siltstone and sandstone; one piece of clay
—w--| 2,610-2,620 | Clay shale, with a minor amount of sand- shale has a -in. laminae of sandstone.
stone. ——--| 2,970-3,020 | Sandstone, light-gray, fine-grained, argilla-
-e--| 2,620-2, 630 | Sandstone, with a trace of clay shale. ceous, noncalcareous, friable; streaks of
The electric log indicates clay shale for clay shale in upper part; very fine-
this interval. grained noncalcareous harder more argil-
; : laceous sandstone in lower 10 ft.
----| % 630-2, 670 Clgzrzgils ’alzlg:):;’l t::i?;}ilﬁtﬁnn?f::; -] 8,020-3, 027 Sanlcllgtoixll:, tzi above, with some clay shale
. . and siltstone.
amount of recirculated material. 44 | 3,027-3,047 | Recovered 20 ft: Microfossils absent.
42 | 2,670-2, 683 | Recovered 12 ft: Microfossils absent. S . .
. . . andstone, light-gray, fine-grained, very
5ft 6 in., sandstzone, medmm-hg.ht-gray, slightly silty; slightly to moderately
very .ﬁne-grf.nned, very argillaceous calcareous; grains are c¢omposed of
and silty, .sllghtly calcareous; gmd‘?s angular to subangular clear and white
to fine grained at base. The sand is quartz, commonly frosted, with rare
con-lposed of angular !',o subangul.ar dark rock grains; mica, pyrite, and
grains of clear quartz with some white glauconite are absent. The sandstone
quarts and gray and dark rock frag- is massive; a few bedding-plane breaks
ments; mica is rare. IFare beds of suggest that the beds are flat lying.
claystone % to 3 in. thick total less No oil odor was moticed on fresh
than' 10 percent of the roqk. Cross- breaks; a very pale straw colored cut
bedding, carbona_ceous partings, a13d 2 and a very pale-yellow residue were
few small clay ironstone concretions obtained in CCl from 3,030 ft; a
are l?resent. . sample from 3,040 ft gave no cut and
6 £t 6 in., claystone, medmr'n—da,rk-gra,y, onlypa faint greasy stain as residue.
noncalcareous ;subconchoxda‘ml fract}lre; A brownish-yellow calcareous clay
poor shaly cleavage; rare silt laminae ironstone nodule at least as large as
scattered throughout. the diameter of the core, and 1 in
) .
----| 2,683-2,780 | Clay shale, sandstone, and siltstone; thick is at 3,041 ft; a smaller (4 x 2.x
samples are poor, as in the interval of 1in.), yellowish-brown noncaleareous
rock immediately above core 42. nodule at 3,045 ft.. The long axes of
eew-} 2,780-2,820 | Clay shale, with a small amount of very the nodules are about horizontal;
fine-grained sandstone in lower 10 ft. their contacts with the surrounding
Samples are poor through this interval. sandstone are sharp.
The electric log indicates a sandstone
~ from 2’800—2'830'&' Effective | Air permeability
—eu-| 2,820-2, 830 | Sandstone, fine-grained. Depth 1 (feet) orosity | (millidarcys)
---.| 2,830-2,840 | No sample. percent
43 | 2,840-2, 853 | Recovered 12 ft: Microfossils abundant. wo | <u
Claystone, medium-dark-gray, noncal- 12.52 | 3.58.
careous; irregular fracture. Two 1-ft 12.7 | No plug
intervals at 2,842 and 2,851 ft contain 12.8 | 7.5.
abundant intercalations of silt and igz gfiﬂug
many carbonaceous partings. Light- 1204 | 1.7
reddish-brown ironstone concretions 15.2 | 35.0.
are common from 2,842-2,845 ft. ﬁ-g ‘1‘-‘;'
--a-| 2,853-2,860 | Siltstone, with some sandstone and clay B
shale. 1 The content of carbonate minerals at 3,030 ft 1s 8.95
eee-| 2,860-2, 880 | Clay shale, with sandstone in the upper percent by welght, and at 3,040 ft is 6.04 percent. The

10 ft and siltstone in the lower 10 ft.

other depths were not tested.
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Core Depth (feet) Remarks Core Depth (feet) Remarks

45 | 3,047-3,066 | Recovered 19 ft: Microfossils absent. 47 | 3,189-3,205 | No recovery. Some of the core from this

Sandstone, as above, with rare scattered
small irregular patches of medium-
dark-gray clay shale and a few frag-
ments of earbonaceous plant remains.
A 3-in. crossbedded interval at 3,057
ft has laminae that dip as much as 27°,
A 3-in. bed of medium-gray very cal-
careous clay shale with intercalations
of fine-grained sandstone is at 3,060
ft; it is underlain by a half-inch layer
of broken clay shale with the angular
fragments separated by small patches
of medium-grained sandstone. At
3,066 ft is a 2-in. section of inter-
laminated medium-light-gray siltstone
and medium-dark-gray clay shale,
with a few small (% to 1 in.) lenses of
fine-grained very light-gray sandstone.
Samples from 3,050 and 3,062 ft
showed no cut but gave a very faint
greasy stain as residue in CCls. At
3,050 ft effective porosity 12.54 per-
cent, air permeability 4.7 millidareys,
and carbonate content 5.39 percent by
weight. At 3,062 ft effective porosity
6.22 percent, air permeability 6.75
millidareys, and carbonate content
8.78 percent.

48

3, 205-3, 211

interval was recovered with core 48.
Recovered 19 ft: Microfossils very abun-
dant.

3 ft, claystone, medium- to medium-
dark-gray, slightly to very silty, non-
caleareous; irregular intercalations
of medium-light-gray siltstone with
swirly bedding in the upper 2 ft.

2 ft 2 in., siltstone, medium-gray, sandy,
very argillaceous, noncalcareous; with
laminae that grade from medium
light to medium dark gray with
decrease and increase of clay. There
is a 2-in. bed of medium-dark-gray
claystone at 3,197 ft.

10 in., claystone, interbedded with
siltstone, as above.

5 ft, claystone, medium-dark-gray; some
streaks and thin (% in. or less) len-
ticular beds of medium-light-gray
siltstone. Grades into unit below.

3 ft 6 in., claystone, interbedded with
siltstone, as above; some siltstone has
dark-gray argillaceous carbonaceous
partings.

1 ft, siltstone, medium-light-gray, sandy,
very  argillaceous, noncalcareous,
slightly erossbedded, massive.

----| 3,066-3, 087 | Sandstone, very fine- to fine-grained; 3 ft 6 in., claystone, as above.
some clay shale, and a trace of siltstone. weo-| 3,211-3, 220 | Clay shale, with some siltstone.
46 | 3,087-3,103 | Recovered 10 ft: Microfossils absent. | ____{ 3, 220-3, 239 | Sandstone, and clay shale with a trace of
Sandstone, very fine- to fine-grained, siltstone. '
light- to medium-light-gray, slightly 49 | 3,239-3,259 | Recovered 20 ft: Microfossils absent.

3, 103-3, 120

3, 1203, 140
3, 140-3, 150
3, 150-3, 180

3, 180-3, 189

calcareous in part. It is massive and
breaks irregularly in spite of a faintly
laminated appearance. A sample from
3,090 ft showed no cut and a very faint
greasy stain as residue in CCla. At
3,090 ft effective porosity 8.68 percent,
air permeability <1 millidarey, and
carbonate content 9.76 percent by
weight. A mollusk shell fragment at
3,091 ft.

Clay shale and sandstone, very fine-
grained; one piece of shale is calcareous.
Samples are poor.

Clay shale, silty; with a small amount of
siltstone and a trace of sandstone.

Clay shale and sandstone, with a small
amount of siltstone.

Clay shale, with a small amount of sand-
stone, and a trace of siltstone.

Sandstone, medium-light-gray, very fine-
to fine-grained; with a minor amount
of clay shale.

Sandstone, medium-light-gray, very fine-
grained, silty, argillaceous, noncal-
careous, massive. Sand grains are
angular to subangular clear and white
quartz, commonly frosted; many are
yellowish, Dark rock fragments are
rare; mica, pyrite and glauconite are
absent. A few crossbedded carbona-
ceous laminae at 3,240 ft dip 12°; at
3,258 ft a few carbonaceous laminae
are flat lying. A few fragments (¥4 to
% in. in diameter) and patehes of
medium-dark-gray clay shale are
present in the sandstone at 3,271 ft.
A pale straw-colored ecut and a pale-
yellow residue in CCls were at 3,240
ft; no eut and very faint greasy stain
were recorded at 3,251 ft. At 3,240 ft
effective porosity 8.38 percent, and
air permeability <1 millidarey; at
3,251 ft effective porosity 9.68 pereent,
but the rock is impermeable.



438

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1944-53

Lithologic description—Continued

Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks
50 | 3, 259-3, 279 | Recovered 20 ft: Microfossils absent. ous, massive. Sand grains are angular
Sandstone, as above; a group of grayish- to subangular, usually with frosted
brown noncaleareous clay ironstone surfaces, and are composed of clear
nodules at 3,276 ft are ¥4 to 1 in. in quartz with some white quartz and dark
diameter, well-rounded, and have rock fragments. Mica and pyrite are
sharp contacts with the surrounding absent. At 3,487 ft the effective
sandstone. Samples from 3,263 and porosity 10.7 percent, and rock is im-
3,277 ft showed no cut and a very permeable.
faint greasy stain in CCl,. At 3,263 53 | 3, 503-3, 510 | Recovered 20 ft (including 13 {t of core 52):
and 3,277 ft effective porosity 7.9 and Microfossils absent.
8.8 percent, respectively; both rocks 7 ft, sandstone, as in core 52 above;
are impermeable. but moderately caleareous. At 3,497
——--| 3,279-3,290 | Sandstone, with clay shale. ft effective porosity 8.5 percent, rock
----| 3,290-3, 310 | Sandstone, medium-light-gray, very fine- is impermeable.
grained, argillaceous, noncalcareous; 3 ft, sandstone, as above, noncalcareous;
with a minor amount clay shale in the with thin (4 to 2 in.) beds of medium-
bottom 10 ft. dark-gray micaceous claystone totaling
----| 3,310-3, 320 | Clay shale, with a minor amount of sand- 10 percent of the section. Some of the
stone, and a trace of siltstone. faint laminae in the sandstone are
----| 3,320-3, 330 | Sandstone and siltstone, with a minor slightly crossbedded.
amount of clay shale. 10 ft, sandstone, as in top of core; moder-
—---| 3,330-3, 380 | Clay shale and sandstone, medium-gray, ately calcareous in part, massive. At
very fine-grained, argillaceous, non- 3,503 ft effective porosity 4.4 percent,
calcareous, hard; and siltstone. rock is impermeable.
----| 3,380-3,440 | Clay shale, very silty in lower part; with | 54 | 3,510-3, 518 | Recoverd 8 ft: Microfossils rare.
a small amount of siltstone. Siltstone, medium-gray, faintly laminat-
----| 3,440-3, 450 | Clay shale, with a minor amount of silt- ed; with a 3-in. section of medium-
stone and sandstone, light-gray, very dark-gray interlaminated siltstone and
fine- to fine-grained, salt and pepper, micaceous clay shale at 3,511 ft and
noncaleareous. two 3-in. beds of medium-dark-gray
----| 3,450-3,460 | Clay shale and sandstone, light-gray, very non-calcareous claystone at 3,512 ft.
fine-grained, noncalcareous. The clay-silt contacts are sharp and
----| 3,460-3,464 | No sample. flat lying. Siltstone grades to medium
51 | 3, 4643, 482 | Recovered 18 ft: Microfossils absent. dark gray, very calcareous toward base
2 ft, sandstone, medium-light-gray, fine- of core, with 37.15 percent carbonate
grained, argillaceous, very caleareous, content at 3,514 ft.
massive; composed of clear and white | ----| 3, 518-3, 528 | No sample.
quartz grains that are angular to sub- | ----| 3, 528-3, 541 | Clay shale, with minor amount of sand-
angular and commonly frosted; dark stone.
rock fragments are rare; mica, pyrite 55 | 3,541-3, 561 | Recovered 20 ft: Microfossils absent.
and glauconite are absent. 11 ft 3 in., sandstone, medium-light-gray,
2 ft, sandstone, as above; but with very fine-grained, silty, argillaceous,
abundant medium-dark-gray carbona- massive; with faint laminae caused by
ceous and argillaceous laminae, dip- concentration of a small amount of
ping 5° or less. The sandstone carbonaceous material. Sand grains
coarsens with depth within this inter- are similar to those in core 52, but clear
val. or green mica flakes (muscovite and
7 ft, sandstone, as at the top of the core; chlorite?) are common. At 3,550 ft
but slightly calecareous in part. At effective porosity 9.7 percent, rock is
3,471 ft effective porosity 7.6 percent impermeable.
air permeability <1 millidarcy, and 8 ft 9 in., siltstone, as above; but with
carbonate content 10.67 percent by 5- to 8-in. intervals of interlaminated
weight. Grades into unit below. carbonaceous micaceous partings and
7 ft, sandstone, as above, but very fine- medium-light-gray siltstone, and %- to
grained. At 3,480 ft effective porosity 4-in. beds of medium-dark-gray clay
12.7 percent, rock is impermeable. shale which make up about a quarter of
52 | 3,482-3, 503 | Recovered 8 ft: Microfossils absent. the bed. At 3,557 ft the effective

Sandstone, medium-light-gray, very fine-
grained, argillaceous, silly, noncalcare-

porosity is 8.2 percent, and the rock
is impermeable.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
ww--| 3, 561-3, 590 | Sandstone, medium-light-gray, very fine- very slightly micaceous, noncalcar-
grained, very silty, argillaceous, non- eous, massive; composed of angular
calcareous; a small amount of clay shale. to subangular clear and white quartz
——--| 3,590-3, 592 | No sample. with some dark rock fragments.
56 | 3, 592-3, 602 | Recovered 10 ft: Microfossils absent. Mica is rare. The section from 3,712-
5 ft 9 in., siltstone, medium-light-gray, 3,714 ft is slightly darker, and at
sandy, slightly calcareous in part, 3,714 ft there is an irregular 1l-in.
massive; 2-in. beds of medium-dark- layer of medium-dark-gray claystone,
gray noncalcareous claystone with con- with scattered fragments of claystone
choidal fracture at 3,596 and 3,597 immediately above and below it.
ft. At 3,596 ft the effective porosity Three ft of intercalated sandstone and
7.3 percent, and rock is impermeable. claystone is similar to the lower part
Pelecypod shell fragment at 3,597 ft of core 59. At 3,708 and 3,718 ft
was identified by Ralph W. Imlay as effective porosity 10.1 and 9.7 per-
Psilomya? sp. cent, respectively; both samples are
1 ft, claystone, medium-dark-gray, in- impermeable.
terbedded with medium-light-gray 58 | 3,727-3, 742 | Recovered 15 ft: Microfossils absent.
siltstone. Beds are % to 1 in. thick, 8 ft 3 in., sandstone, as above; at 3,730
usually with sharp contacts, some of ft effective porosity 8.9 percent, and
which resemble broad shallow ripple rock is impermeable.
marks. 7 in., claystone medium-dark-gray, slightly
1 ft 6 in., siltstone, as above; with a 1-in. micaceous; scattered specks of carbon-
claystone bed at 3,599 ft that contains aceous material.
sharp irregular intercalations of silt- 4 ft 6 in., sandstone, as above; but with
stone. The lower 5 in. has carbona- short intervals containing flat-lying
ceous argillaceous laminae. or crossbedded laminae. A few dise-
1 ft 3 in., claystone and siltstone, inter- shaped pebbles (% to 1 in. in diameter)
bedded. Contacts are sharp but ir- of medium-dark-gray claystone are
regular, and many dip steeply; some 1 ft above the base of this bed.
fragments of clay shale are rounded 1 ft 8 in., claystone, medium-dark-gray,
and embedded in siltstone to form an very silty, noncalcareous; irregular
intraformational conglomerate. A 1- fracture.
in. nodule of mareasite is also present. 59 | 3, 742-3, 757 | Recovered 15 ft: Microfossils absent.
6 in., claystone, as above. 3 ft 6 in., sandstone, as in core 57; with
3, 602-3, 610 | Clay shale, with some sandstone and silt- a 1-in. layer of disk-shaped claystone
stone. pebbles 6 in. below top of core.
3, 610-3, 650 | Sandstone, with a trace of siltstone and Pelecypod shell fragment at 3,743
clay shale; grades downward to clay ft identified by Ralph W. Imlay as
shale with a trace of siltstone and Entolium sp.
sandstone. Electric log indicates clay 1 ft 6 in., claystone, medium-dark-gray,
shale in upper part. nonealeareous, in alternating 5— to 8-in.
3, 650-3, 670 | Clay shale, with a very small amount of beds; conchoidal fracture; and sand-
sandstone and some siltstone in upper stone as above. Small lenses and
10 ft. Echinoid spine at 3,660-3,670 pebbles of claystone are present at top
ft. of bed.
3, 670-3, 680 | Clay shale and siltstone, with a minor 5 ft, sandstone, as above; with a 10-in.
amount of sandstone. interval containing scattered inter-
3, 680-3, 690 | Clay shale, with a minor amount of sand- calations of claystone at 3,747-3,748
stone and siltstone; one piece of sand- ft and 7 in. of intercalated thin (ap-
stone is slightly calcareous. proximately one-quarter inch) irregu-
3, 690-3, 707 | Sandstone, medium-light-gray, very fine- lar beds of claystone and sandstone
grained, very silty and argillaceous, at 3,749 ft.
slightly calcareous in part; some silt- 4 ft, claystone, medium-dark-gray, in-
stone and clay shale. tercalated with medium-light-gray
57 | 3,707-3, 727 | Recovered 17 ft: Microfossils absent. sandstone. The beds are % to 2 in

Sandstone, medium-light-gray, very fine-
grained, very argillaceous and silty,

thick; contacts are sharp and irregular.
6 in., sandstone, as above.
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Lithologic description—Continued

Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks
60 | 3, 757-3,769 | Recovered 12 ft: Microfossils absent. 6 ft, sandstone, as above, very silty; but
2 ft 10 in., sandstone, very fine-grained, with abundant intercalations and
as in core 57; but with carbonaceous scattered thin beds of medium-dark-
partings giving good shaly cleavage gray claystone which total one-third
and a slight laminated appearance in of the rock. Clay-sand contacts are
lower part. Dip of laminae 5° or less. sharp and some resemble ripple marks.
Three- to five-in. intervals of clay- A few slightly carbonaceous micaceous
stone total about one-fourth of the laminae are present near base of core,
rock. dip 3° or less. Sand grains are angular
1 ft 2 in., claystone, medium-dark-gray; to subangular, composed of white and
intercalations of medium-gray silt- clear quartz and abundant dark rock
stone totalling one-third of the section. fragments. Glauconite and pyrite are
10 in., claystone, medium-dark-gray, absent. Ditrupa sp. fragments.
grades downward to medium-gray 63 | 3, 862-3, 882 | Recovered 19 ft: Microfossils absent.
siltstone with faint slightly carbon- 3 ft, sandstone, with beds and inter-
aceous laminae. Grades into unit calations of clay shale as above.
below. 16 ft, sandstone, as in core 61, very
7 ft 2 in., sandstone, as at top of core; slightly calcareous in part. Fluores-
with rare thin irregular layers of cence with a very pale-straw-colored
claystone. Three-inch beds of clay- cut, and yellow residue in CCly were
stone are at 3,767 and 3,769 ft. noted at 3,870 and 3,872 ft. A 15-in.
Pelecypod shell fragment at 3,765 ft. bed of medium-dark-gray mnoncal-
3, 769-3, 800 | Sandstone, as in core above; but with careous slightly silty and micaceous
rare pyrite and mica. claystone at 3,872-3,873 ft. At 3,866
3, 800-3, 820 | Sandstone, as above, and clay shale. and 3,876 ft effective porosity 9.9 and
9.5 percent; both samples are im-
3, 820-3, 825 | No sample. permeable.
61| 3, 825-3, 845 | Recovered 20 ft: Microfossils abundant. 64 | 3,882-3,898 | Recovered 15 ft 6 in.: Microfossils rare.
6 ft 3 in., clay shale, medium-dark Sandstone, as in core 61; with 3-in. clay-
gray, micaceous and silty, nonca- stone beds at 3,884, 3,887, and 3,889
careous; thin beds and irregula- ft. Interbedded sandstone and dark-
laminae (46 to 2 in. thick) of mediumr gray clay shale occupy a 6-in. section
light-gray noncalcareous siltstone to- at 3,883 ft and 10-in. sections at 3,888,
taling 10 percent of the rock. Poor 3,892, and 3,893 ft. One-foot sections
shaly cleavage indicates beds lie flat. of the sandstone at 3,884 and 3,894 ft
13 ft 9 in., sandstone, medium-light- are faintly to finely laminated with
gray, very fine-grained, silty, argil- carbonaceous and micaceous partings.
laceous, slightly calcareous in part, The upper bed shows slight cross-
massive. A 4-in. bed of medium- bedding; the lower one, which is very
dark-gray claystone at 3,836 ft is evenly laminated, has a dip of 1°.
underlain by a 10-in. sectionof fine- At 3,884 and 3,894 ft effective porosity
grained sandstone. At the base of 7.2 and 2.5 percent, respectively; both
this is a parting marked by a single samples are impermeable.
layer of % to % in. of light and dark | g5 | 3,898-3, 910 | Recovered 10 ft: Microfossils very rare.
chert pebbles. There are a few small 7 ft, sandstone and claystone. The
(4 to % in.) dises of medium-dark- upper 7 ft of this core was disturbed
gray claystone marking 2 or 3 flat before reaching the laboratory; the
bedding planes in a 2-inch interval at rock consists of medium- to medium-
3,840 ft. At 3,833 ft effective porosity light-gray very fine-grained very silty
8.6 percent, and rock is impermeable. argillaceous sandstone with laminae
62 | 3, 845-3, 862 | Recovered 17 ft: Microfossils rare. and thin beds (as much as 6 in, thick)

11 ft, sandstone, as above; fragments
very caleareous in upper 3 ft, slightly
calcareous below. At 3,849 and 3,856
ft effective porosity 8.9 and 9.6 per-
cent, respectively; both samples are
impermeable. Carbonate content
about 8 percent by weight in the
higher sample.

of medium-dark-gray claystone, slight-
ly to very silty in part, totaling about
15 percent of the rock.

3 ft, siltstone, medium- to medium-
light-gray, very argillaceous, non-
calcareous; scattered carbonaceous and
micaceous partings; thin (% to 1 in.)
beds of medium-dark-gray clay.
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Core Depth (feet)

Remarks

66 | 3,910-3, 918

3, 918-3, 928
3, 928-3, 978

67 | 3,978-3, 987

Recovered 7 ft: Microfossils rare.
Claystone, medium-dark-gray, very silty
and micaceous, noncalcareous; with
%- to 3-in. beds of medium-gray silt-
stone totaling 20 percent of the rock.

No sample.

Clay shale, with sandstone and siltstone

as in cores above.

Recovered 9 ft: Microfossils abundant.
Claystone, medium- to medium-dark-
gray, very silty, noncalcareous; rare
streaks and patches of sandy argil-
laceous nonecalcareous siltstone and

sandstone.

CORE ANALYSES

Samples from sandstones cored in Square Lake test
well 1 were tested for effective porosity by the Barnes
method, and for air permeability on a permeameter,
the general requirements for which are detailed in
American Petroleum Institute’s code No. 27, second
edition, April, 1952. The content of carbonate minerals
was also determined, and the results of these tests are
presented in the following table.

Analyses of core samples from Square Lake test well 1

Effective Afir permeability Carbonate content
Depth (feet) rosity (millidarcys) (percent by welght)
percent)

237 15,5 | Qe 29.1.
247 . 1204 | O .. Trace.
514 ___ 15. 1 O Trace.
525 oo 94 | O . 17.9.
576 - 143 | Qoo 10.25.
611 . ... 21. 8 54 . Trace.
627 . L9 | O 40.8
632 ... 23. 2 B 5 S, Trace.
641 . ___. 109 | O _ 25.6.
661__________ 18.2 | O Trace.
672 .. 173 | 0. Trace.
683 - 1L7 | O Trace.
1,063 _.__ 15. 4 12 . 10. 7.
1,067 __.____ 1.6 | O . 47.1.
1,646 .. ___ 18.7 | 20o . ____.__ 13.73.
1,662 _______ 1.6 | O ____.__ 15.68.
1,671 _______ 10. 3 <1ooo__ 13.45.
1,685 ____.__ 18.3 | 28 .. 5.85.
1,687 _______ 20. 4 30 . Trace.
1,699________ 18.8 | 43 . . Trace.
1,706 ..o 20.2 | <1_.___________ Trace.
1,723 __. 17.9 | 37 __ 12.84.
1,733 .. 16. 1 4 .. 17.5.
1,740 ___.__ 13.3 | <M. Trace.
1,845 _ ____. 170 | Noplug.. . _.___ 20.85.
1,854 ______ 13.5 | <1_____________ Trace.

Effective Ajir permeability Carbonate content
Depth (feet) &oroslty (millidarcys) (percent by weight)
ercent)
1,863 174 | Noplug_ - ___ Trace.
1,873 _.__ 164 | 17 e Trace.
1,880 . _____ 17.9 No plug. oo 6.97.
1,916 __.__ 17. 5 645 (cracked)..___ Trace.
1,927 . _..__ 13. 6 1.35 e 15.10.
1,937 . 11.1 [ 24.8.
2,200 ... 35 | O 25.8.
3,028 ____._. 1.0 | <1ooo .. Not tested.
3,030 . ____ 12.52 | 8.38 . C e 8.95.
3,032_____.__ 12.7 | Noplug-——-._.__ Not tested.
3,034 . .____ 1208 [ 7.5 oeeeee Not tested.
3,086 .._____ 13. 3 176 e Not tested.
3,038 _______ 13.3 | Noplug-_ . Not tested.
3,040 .. __.__ 12.94 | 1.7 . 6.04.
3,042 ... _.__ 15. 2 35.00 e Not tested.
3,044 . _____ 13. 6 6.4 e Not tested.
3,046________ 11. 8 1.6 e Not tested.
3,050 ____.__ 12054 | 4.7 oo 5.39.
3,062 . __.__ 6.22 | 6.75. oo 8.78.
3,090 ... 8.68 | <l ____oo...__ 9.76.
3,240 . _._.__ 8.38 | <loooooooo_- Trace.
3,261 .. 9.68 | O Trace.
3,263 ___.__ 7.9 0 e Trace.
3,277 ... 88 | Oceeeem Trace.
3,471 .. 7.6 | <Y 10.67.
3,480 . __ 12. 7 [ Trace.
3,487 . .__ 1007 | O Trace.
3,497 ... 8.5 1 Trace.
3,503 . ... 4.4 10 Trace.
3,514 e e 37.15.
3,550 9.7 1 0. e Trace.
3, 557 __ 82 | O Trace.
3,596 . ._. 7.3 | O Trace.
3,708 . _____ 10. 1 O e Trace.
3,718 . __.____ 9.7 [ Trace.
3,730 ... 89 | 0o Trace.
3,833 .- 8.6 0 e Trace.
3,849 _______ 8.9 [ About 8.
3,856 .. ..___ 9.6 | O Trace.
3,866 _____ 9.9 | O Trace.
3,876 _.____ 9.5 [ Trace.
3,884 . _._._. 7.2 0 Trace.
3,80 ... 2.5 [ PP Trace.

HEAVY-MINERAL ANALYSIS

Heavy-mineral samples prepared in the Fairbanks
laboratory were analyzed by Robert H. Morris of the
Geological Survey, who prepared the heavy-mineral
chart (fig. 85). Sandstone samples were disaggregated
and treated with dilute hydrochloric acid to remove
the carbonates. The disaggregate was sieved, and the
material passing the 80-mesh and retained on the 235-
mesh screen was separated in bromoform (sp. gr. 2.7)
and methylene iodide (sp. gr. 3.0) into light, medium,
and heavy fractions, Slides of the heavy fractions (sp.
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gr. 30 or greater) were prepared with canada balsam
or aroclor. Two heavy-mineral zones are recognized in
Square Lake test well 1: the biotite zone, in several
samples between 220 and 1,080 feet; and the zoned-
zircon zone, from 3,700 to 3,880 feet. Samples between
1,640-3,060 feet contain an abundance of muscovite.

OIL AND GAS

OIL AND GAS SHOWS

No commercial shows of oil were found in Square
Lake test well 1, but some gas was produced from sand-
stone beds between 1,600 and 1,900 feet (see formation
tests 4 and 5, below). Core samples were tested for
oil cuts. The cores were tested in the Fairbanks labora-
tory 1 to several days after the cores were taken, de-
pending on the availability of transportation from
Umiat to Fairbanks. The sandstone was crushed to
approximately single-grain particles, carbon tetrachlo-
ride was added, and the mixture shaken. Any color
appearing in the carbon tetrachloride after settling and
filtering was described as the cut; the residue is any
material left in the evaporating dish after the carbon
tetrachloride has been allowed to evaporate. The con-
sistency of the residue varied from a greasy film to an
oily liquid. The results of the tests are given in the
following table.

Core samples from Square Lake test 1 tested for oil stain
in carbon tetrachloride

A
A
Y
Depth Cut Residue
2000
/\/ \/’\/\K/\\/\L/\\/\ \/’\/L\//\/\l/ 1,662 | Pale straw colored. . oo oocoooooo_ Very pale yellow.
1,702 |- A0 Do.
/\/\//\/\ \/W\\//\/]/\/’\/ ] b1 dg DO
3000 B T SR S 0.
N Lk ™ 4 1,733 | NODO oo Do.
1,845 (.. . QO e e Do.
1,873 |- A0 e None.
3200 38,030 | Very pale straw colored._ . __________...___ Very pale yellow.
3,040 | NOME. oo oo None. N
3,050 |--- - do Very faint greasy stain.
3,062 |- do Do.
3,090 [-—--- do Do.
3400 = 3,240 | Pale straw colored Pale yellow. .
k L L 3,251 | None Very faint greasy stain.
- - o " ae 3,963 | .___do Do.
3,277 |- do Do.
~3600 3,487 |- do Pale yellow.
3,497 |- do. Do.
| . L b b e 3,508 |- do Do.
g J: 3,550 [----- do. Do.
3800 |— & é’ 8. g, 357 ..... go ....... go.
N 55 |- o OSSR 0
n ’ *
.1 n ki 1 ] | 43 ‘ 3,870 | Very pale straw colored .. .. __._..____._. Yellow.
3,872 |-..__ L U SO Do.
4000
EXPLANATION ROBERT H. MORRIS, 1954
L} Rare (Less than 10 percent) A Angular . N
== Common (10 to 40 percent) o Rounded Arctic Contractors’ well geologist, Robert D. Rut-

= Abundant (40 to 80 percent)
WM Flood (over 80 percent) ~

FI1GURE 35.—Relative abundance of heavy minerals in Square
Lake test well 1.

ledge, also noted a fleeting odor and a very pale cut in
sandstone beds at 3,464-3,510 feet and 3,831-3,898
feet.
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FORMATION TESTS

Twelve formation tests with the Johnston formation
tester were attempted in Square Lake test well 1. The
first 3 tests, and the sixth, were unsuccessful; 2 tests
resulted in moderate to strong blows of gas, and the
others recovered water and drilling mud. In each case
the hole was open from the packer to the current total
depth. A description of the tests follows:

Test 1, 1,642-1675 feet.—A 63/-inch packer was set
in a 7l4-inch hole at 1,642 feet; but the trip valve was
released while installing the tools, and the test was
unsuccessful.

Test 2, 1,642-1675 feet—A 634-inch packer was set
at 1,642 feet, but it failed to hold.

Test 3, 1,646-1,675 fedt—A 63;-inch packer was set
at 1,646 feet, but it failed to hold after 5 minutes.

Test 4, 1,646-1,675 feet—The hole was reamed to
1,675 feet, and an 854-inch packer was set at 1,646 feet,
with 29 feet of tailpipe including 17 feet of perforated
pipe. A % g-inch bean in the tester was open 1 hour and
46 minutes, and then was closed for 20 minutes. After
45 minutes of moderate blow, a critical flow prover indi-
cated a gas flow of 112,000 cubic feet per day. The
test was not reliable, however, because ice formed in
the orifice. After gas flowed for 54 minutes, the hole
began producing water by heads. Salinity of the mud
was 660 parts per million, and that of the recovered
fluid was 8,745 parts per million. The bottom-hole
flowing pressure was 425 psi.

Test 5, 1,847-1,879 feet.—A T1/-inch packer was set
at 1,847 feet, with 32 feet of tailpipe, of which 17 feet
was perforated. A % ¢-in. bean in the tester was open 1
hour and 10 minutes, and the packer pulled loose from
the seat 13 minutes later. The tester produced a strong
blow of gas for 30 minutes and then produced water
and mud through the annulus. The salinity of the drill-
ing fluid was 607 parts per million and that of the re-
covered fluid was 3,135 parts per million. The bottom-
hole flowing pressure was 500 psi, and the bottom-hole
static pressure was 800 psi. A critical flow prover test
was unsuccessful because ice formed on the orifice of the
instrument.

Test 6, 1,878-1,897 feet.—A T1j-inch packer was set
at 1,878 feet, with 19 feet of tailpipe (including 5 feet
of perforated pipe). The test was unsuccessful because
the retaining valve did not open.

Test 7, 1,878-1,897 feet—A T1j-inch packer was set
at 1,878 feet, with 5 feet of perforated pipe included in
the 19 feet of tailpipe. A 34-inch bean was open 1 hour
and closed for 10 minutes. No gas came to the surface,
and 90 feet of water-cut drilling mud was recovered.

466290—59——4
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The salinity of the mud was 623 parts per million, and
the fluid that was recovered had a salinity of 2,970 parts
per million. The bottom-hole pressure was 200 psi.

Test 8, 3,033-3,067 feet.—A Tlj-inch packer was set
at 3,083 feet, with 34 feet of tailpipe, of which 23 feet
was perforated. A 34-inch bean in the tester was open
90 minutes; no gas came to the surface. After being
closed in for 10 minutes, the bottom-hole flowing pres-
sure built up to 875 psi, and the static bottom-hole
pressure was 400 psi. The test recovered 780 feet of
water. Salinity of the drilling fluid was 528 parts per
million, and that of the recovered fluid was 330 parts
per million.

Test 9, 3466-3,482 feet—A TY-inch sidewall
packer was set at 3,466 feet, with 16 feet of tailpipe, in-
cluding 10 feet of perforated pipe. The tester was
open 1 hour and 53 minutes and closed for 15 minutes.
Fifty feet of drilling fluid was recovered which had a
salinity of 387 parts per million. The bottom-hole flow
pressure and the bottom-hole shut-in pressure were both
indicated by the pressure recorder to be zero.

Test 10, 3,71}-3,742 feet—A Tlh-inch packer was
set at 8,714 feet with 18 feet of perforated and 10 feet
of unperforated tailpipe. The 34-inch bean in the tester
was open 1 hour and 51 minutes, and closed for 15
minutes. Both flowing and bottom-hole pressure
were zero. No gas came to the surface; 8 feet of drill-
ing mud with a salinity of 950 parts per million were
recovered.

Test 11, 3,8331%-3,845 feet.—A 'T14-inch packer was
set at 3,833145 feet, with 11.6 feet of tailpipe, including
6 feet of perforated pipe. The 34-inch bean in the
tester was open 93 minutes, but no gas came to the sur-
face and the bottom-hole pressure was zero. Ten feet of
drilling fluid was recovered. Its salinity, 2,240 parts
per million, was raised by the presence of pyrophos-
phate in the drilling mud.

Test 12, 3,8560-3,88%2 feet—A 'T1j-inch packer was
set at 3,850 feet, with 32.5 feet of tailpipe, 24 feet of
which was perforated. A 384-inch bean in the tester was
open 104 minutes and closed 15 minutes. The bottom-
hole pressure was zero. The test recovered 100 feet of
drilling fluid (salinity 990 parts per million), which
had entered the tool while it was being lowered into
place.

GAS AND WATER ANALYSES

Samples of gas from formation tests 4 and 5 were
submitted to the U. S. Bureau of Mines for analysis.
The gas in each sample was found to be badly con-
taminated with air, and the analyses are therefore not
presented here. A sample from formation test 5 (1,847-
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1,879 feet), was sent to the National Bureau of Stand-
ards and analyzed by S. Schumann as follows:

Component Mol percent Component Mol percent
Helium None Oxygen.__.____________ None
Methane______________ 99.3 Carbon dioxide________ .11
Nitrogen_____________. 40 Propane None
Ethane_______________ 16 Butane._._________.____ None

Water samples from formation tests 4, 5, and 8 were
also submitted to the U. S. Bureau of Mines. Analyses
of samples from tests 4 and 8 are presented in the fol-
lowing table. The sample from test 5 was largely
drilling mud ; and the small amount of water separated
from the mud had a chloride content of 1,600 parts per
million (equivalent to 2,600 parts per million of NaCl),
and a specific gravity of 1.001. It was not analyzed
further.

Analysis of water from formation tests 4 and 8 in Square
Lake test well 1
[Analyses by the U. S. Bur. Mines]

Parts per million
Radical Test 4 (1,646~ | Test 8 (3,033-
1,675 feet) | 3,067 feet)

Caleium . - oo oo e 34 12
Magnesium. - - ... 36 6
Sodium, o 2, 960 1,020
Carbonate_ - ... 64 51
Bicarbonate . ____ o ____ 1, 260 2, 400
Sulfate_ - oo e 29 23
Chloride_ - - e 3, 900 140
Total solids. . ______ 8, 283 3, 652

H,S detected. - oo None None
Specifie gravity at 15.6° C_____ 1. 005 1. 001

LOGISTICS

About 1,350 tons of supplies and equipment (includ-
ing the Cardwell drilling rig from Titaluk test well 1)
to drill Square Lake test well 1 were hauled to the
site on sleds by 8 tractor trains in late 1951 and in the
spring of 1952. Personnel was flown in by bush planes
which landed on the nearby lake using skis in winter
and floats in summer.

Information in this paper about personnel, equip-
ment, and supplies has been compiled from data re-
corded on the test well by Arctic Contractors.

Personnel.—The supervisory staff consisted of 1
drilling foreman, 1 petroleum engineer, and 1 geologist
in charge of drilling the test. The rig crew consisted
of 2 drillers, 2 derrickmen, 2 floormen, 2 firemen, 2
heavy-duty-equipment mechanics, and 1 oiler and small-
crane operator. Other men permanently employed were
2 cooks, 2 cook’s helpers, 2 crane operators, and 1 man
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who served as warehouseman and storekeeper. Others,
such as carpenters, laborers, 1 welder, 1 radio repair-
man, 1 electrician, 1 cement and formation-test techni-
cian, and 1 Schlumberger engineer were sent from Bar-
row or Umiat as their services were needed.

Housing.—Twelve wanigans (small one-room build-
ings mounted on skids or runners to facilitate moving)
and eight jamesway huts (jamesway huts, which are
similar in shape to quonsets, are made of canvas over
a metal frame, and are usually slightly smaller) were
used for shelter. The wanigans housed the boiler, the
geologist’s office, the shop, the Schlumberger equip-
ment, the generator, the cement pump and motor, the
lavatory, and cement, water, food, and miscellaneous
storage; one was used as a utility room. Five of the
jamesway huts were used for sleeping, 1 for a kitchen,
1 for eating, and 1 was both a dormitory and a store.

Vehicles and heavy equipment—The camp at Square
Lake test well 1 was equipped with 2 weasels (military
vehicles, fully-tracked), 1 D8 Caterpillar tractor, 1
TD-9 International tractor with crane (cherrypicker),
and 1 swing crane. One of each of the following major
items of drilling equipment was used by Arctic Con-
tractors:

Ideco standard derrick, 87 ft high with 24-ft base (mounted
on runners from an Athey sled).

120-ton Ideal type D-12 crown block with five 34-in. sheaves
grooved for 1 in line.

120-ton Ideal type D-12 traveling block with four 34-in.
sheaves grooved for 1-in. line.

125-ton Byron Jackson type 4125 Triplex hook with bail
Ideal type FE 171;-in. rotary table.

150-ton Ideal type D swivel.

Cardwell model H drawworks, skid mounted, complete with
cat heads and rotary-drive assembly.

Caterpillar diesel engine model D8800 on drawworks.

Ideal type C-250 power duplex slush pump, 7% by 15 in.

General Motors quad diesel engine, model 24103, series 671
on slush pump.

Shaffer double gate blowout preventer.

60-bbl. divided mud tank.

85 hp. Kewanee boiler.

Halliburton cementing unit.

Schlumberger automatic recorder and deep winch.

Fuel, ubricant, and water consumption.—About 83,-
600 gallons of diesel fuel and 2,030 gallons of 72-octane
gasoline were burned to furnish power for drilling the
test ; lubrication required 456 gallons of lubricating oil,
and 420 pounds of thread-lubricating grease. Water
used in mixing mud and for other purposes totaled
554,200 gallons.

DRILLING OPERATIONS
DRILLING NOTES
Information presented in this section was reported
by Everette Skarda, petroleum engineer for Arctic Con-
tractors.
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Notes from drilling records

Remarks

Bottom of cellar.

Cemented 4 joints of 13%-in. 54.5-1b range 2
grade J-55 seamless casing at 110 ft with 85
sacks of Cal-Seal.

While reaming the hole at 713 ft, mud was lost
at a rate of 30 bbl per hr. The addition of
Jelflake and Fibertex did not stop the loss,
which was then traced to a washout behind
the casing. The washout may have been
caused by heat from the drilling mud which
thawed permafrost behind the casing cement.
The casing was recemented with 35 sacks of
Cal-Seal and 10 sacks of High-Early cement.

Cemented 728 ft of 103%-in. 55.5-1b Hydril stream-
lined casing with 160 sacks of High-Early
cement. Installed blowout preventers.

A sledge hammer dropped in the hole was recov-
ered with a Globe bagket.

3,987 .. Four cement plugs were set in the hole through
open-end drill pipe to seal off the gas-bearing
sandstones and to protect them from contami-
nation by water-bearing beds. For the first
one, 80 sacks of High-Early cement were dis-
placed at 2,935 ft, with the top of the plug at
2,745 ft. The next two were set between 1,865
and 1,934 ft, and from 1,640 to 1,840 ft. The
top plug, at 700-741 ft, was set through the
lower end of the casing. The hole was then
bailed down to 225 ft, the blowout preventers
removed, and a 10%-in. nipple welded to the
top of the casing, 13 ft above the ground.

DRILL AND CORE BITS

Reed conventional Kor-King bits were used to core
1,043 feet of hole. Of the bits used, 10 were type K-25,
soft-formation bits, and the rest were type K—24, hard-
formation bits. The first 6 bits were 6% inches in
diameter, but the others, except 2 used near the bottom
of the hole, were 7%-inch bits. About 92 percent of the
rock cored was recovered.

Drill bits ranged in size from a 17%-inch Security
hole opener to a 9%-inch Hughes OSC-3 rock bit. The
latter was the most common type of bit used, but a
few Smith DDT and Reed type 2 and 2C rock bits
were also used. On the graphic log (pl. 29) drill bits
that alternately reamed and drilled short intervals are
shown only as having drilled these intervals.

DRILLING MUD

Desirable characteristics were maintained in the
water-base mud used for drilling Square Lake test well
1 by the use of Aquagel, Quebracho, and Baroid, with
a small amount of tetrasodium pyrophosphate and
caustic soda. At 713 feet 4 sacks of Jelflake, 2 sacks
of Fibertex, and 23 sacks of Aquagel were added to the
mud because of loss of circulation, before the mud loss
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was traced to a washout behind the casing. At 2,779
feet, 50 barrels of new mud were mixed because some
had been lost when the plug was dislodged from the
mud pits. The following table presents the character-
istics and additives of the drilling mud used in drilling
the test.

Drilling-mud characteristics and additives, Square Lake test well 1

Viscos- [Water | Tem- Pyro-
Weight | ity loss | pera- [ Aqua-| Que- | phos-
Depth | (b per {(Marsh |(ccper| ture gel |{bracho|phates| Other additives
cuft) | funnel | 30 (° F) |(sacks)| (b) (b)
sec) | min)

110 67 [:Z 3} (R 70 18

268 75 35| 10.5 80 2 25 25

462 74 46 8.7 65 11 100 50

590 70 37 6.5 58

669 73 40 7.2 54 7 50

713 > 2 I S, 4 sacks Jelflake, 2

sacks Fibertex.
728 74 46 6.9 54 28 25 500 | 47w "
750 85 67 5.8 71 150 sacks Baroid.
1,085 84 54 58 77 5 1b caustic soda.
1,077 82 50 6.3 65 4 15 sacks Baroid,
1,175 25
1,200 85 54| 6.3 73
1,312 85 54| 5.6 75 50
1,435 85 58 5.0 75
1, 500 85 54 5.0 72
1,610 85 55| 5.0 75 50
1,675 86 60| 5.0 64 110 20 | 5 1b sodium bicar-
bonate. *-}

1,714 86 52 5.3 54 48 sacks_Baroid.

1,780 86 54| 5.0 60

1,830 86 54| 53 64

1,880 87 54 5.0 [ 8 PR S

1,900 86 54 5.0 60

1,925 86 55 5.0 58 -

1,980 86 56 5.3 68

2,050 86 55 5.3 67 % 25 15 Ib sodium bicar-
bonate.

2,120 86 54 6.0 76

2,200 86 55| 6.0 76

2,205 87 55| 5.6 78

2,383 86 57 5.6 73 50

2,493 87 55 5.6 78 50 20

2, 585 87 53 5.2 79

2,627 88 54 5.3 79 25 15

2,670 89 54 5.5 76 75 20

2,741 87 56 5.3 72 50

2,779 - 100 20 | 72 sacks Baroid.

2,808 9 55| 4.8 75

2,850 92 54 4.8 68 lcaeaas

2,928 92 55 5.0 64

2,995 92 54 4.8 75 % 100 20 | 10 Ib caustic soda.

3,050 92 53| 4.6 f 1) I B PR,

3,068 92 54 5.0 65 [aamnean

3,100 91 55| 5.0 70

3,192 91 56 4.8 Y (3 - -

3,210 91 57 4.8 (7 PRSI RSP S,

3, 250 91 56 4.6 1,7 (ORI PRI I,

3,276 91 56 4.4 [ 70 [R— 355 40 | 35 Ib caustic soda.

3,340 91 54 4.3 [7: % PRSI [RSPR S,

3,368 91 55 4.5 68 - -

3,395 91 53 4.1 [ 7 O I A

3, 450 91 52 4.3 74

3,507 91 54 4.3 74

3,515 91 52 4.6 64 125 20 | 100 Ib Aeroseal.

3,580 91 55| 4.5 70

3,602 91 52 4.4 70

3,640 92 55| 4.3 70

3,682 92 53 4.3 73

3,713 93 58 4.4 74

3,740 92 50 4.2 £ 7 (R F—— 55 | 875 Ib Aeroseal.

3,755 91 50 4.1 68 40 1b caustic soda.
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Drilling-mud characteristics and additives, Square Lake test
well 1—Continued

Viscos- (Water | Tem- Pyro-
Welght | ity loss | pera- | Aqua-| Que- | phos-
Depth | @b per |(Marsh |(ce per | ture gel |bracho| phates| Other additivas
cuft) |funnel | 30 | (°F) |(sacks)| {Ab) | {b)
sec) | min)
3,775 91 50 4.2 (2N P FORIPRN S
8,825 93 58 4.4 £ 7 IS I
3,845 91 50 5.0 225 IO (S SO,
3,860 91 51 4.8 L7 S R ISR U,
3,882 91 49 4.8 64
3,910 91 57 5.0 (113 F— 325 190 | 100 Ib Driscose, 15
1b caustie soda, 10
sacks Baroid.
3,923 91 55 4.0 <1520 PR IS
3, 960 92 60 4.0 L1 70 FU PIIIY P
3, 987 91 54 4.0 66

HOLE DEVIATION

Deviation from vertical in Square Lake test well 1
ranged from 0°15” to 2°00” and averaged approximately
0°50”. The greatest deviation occurred between 1,700-
2,100 feet; above and below that interval the hole was
rarely as much as 1° from vertical. Deviation measure-
ments were made with a Totco (Techanical Oil Tool
Corp., Ltd.) recorder and are shown on the graphic
log (pl.29).

ELECTRIC LOGGING

Electric logs were made in several runs between 110
and 3,984 feet by Schlumberger Well Surveying Corp.
Runs 5 and 6 duplicated part of the earlier runs, in
order to record the curves on different scales. On the
graphic log (pl. 29), run 6 is used in place of runs 2-5.
The depths recorded in each run are given below:

Run Depth (feet) Run Depth (feet)
i F 110-728 5 1, 500-3, 389
e 728-1,67 6__._____________ 728-3, 752
> S 1,675-2,664 7 ______________ 3,750-3, 875
4 2,664-3,062 8 . ____________ 3, 875-38, 984

WOLF CREEK AREA

In 1951 and 1952 Arctic Contractors drilled three
holes to test the oil-producing possibilities of the Wolf
Creek anticline, a structural feature with a northwest-
ward trend about parallel to the other anticlines in the
northern foothills section of the Arctic foothills
province.

The northern foothills section of the province in the
vicinity of the Wolf Creek tests has a maximum relief
of about 1,000 feet. Northwestward-trending escarp-
ments parallel the Wolf Creek anticline to the north
and south, although the anticline follows a lower less
rugged ridge. There is about a 250-foot difference in
the elevation between Wolf Creek test wells 1 and 3
on the crest and Wolf Creek test well 2 in the creek
valley on the north flank.

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1944-53

Wolf Creek anticline, first mapped by a Geological
Survey field party in 1946, was studied in more detail
in 1947. It was further defined in 1949 by photogeo-
logic mapping by William P. Brosgé who also drew the
structure-contour map of the area shown in figure 36.
This narrow anticline is about 30 miles long, and a pos-
sible western extension may add another 25 miles to its
length. Two hundred feet of proven closure encom-
passes an area 5 miles long, near the east end of the
anticline; maximum closure of 600 feet, enclosing an
area 16 miles long, is possible but cannot be proved
(Brosgé, written communication, 1956).

The 3 wells were drilled in Cretaceous rocks: Wolf
Creek test wells 1 and 3, 485 feet apart on the crest
of the anticline, penetrated rocks of the Nanushuk
group (Lower and Upper Cretaceous): Wolf Creek
test well 2, a mile and a third away down the north
flank, drilled through 130 feet of the Seabee formation
(Colville group, Upper Cretaceous) before entering
older beds.

Wolf Creek test wells 1 and 3 found a small amount
of gas which has no present commercial value. The
highest rate of flow, measured in Wolf Creek test well
1, was 1,304,900 cubic feet per day at 8 pounds pressure
through a 114-inch orifice, with shut-in pressure build-
ing up to 60 pounds in 30 minutes. Wolf Creek test
well 2 had only a faint show of gas and produced some
salty water.

STRATIGRAPHY

A small amount of alluvium, which mantles the Cre-
taceous rocks, was drilled in Wolf Creek test wells 1
and 2; in the latter test, located near a small creek, the
drillers reported penetrating gravel, underlain by olive-
gray clay, before reaching Cretaceous rocks 40 feet
below the derrick floor.

SEABEE FORMATION

Ninety feet of the Seabee formation (Colville group,
Upper Cretaceous) overlie rocks of the Nanushuk
group (Lower and Upper Cretaceous) in Wolf Creek
test well 2. These beds consist of olive- and medium-
gray siltstone, with a small amount of gray sandstone
and clay shale, some clay ironstone, and a small amount
of light-yellowish-gray bentonite containing abundant
euhedral biotite flakes,

NINULUK FORMATION

Beds of the marine Ninuluk formation (Upper Cre-
taceous), uppermost part of the Nanushuk group, are
the youngest Cretaceous rocks found in Wolf Creek
test wells 1 and 3; the following description is based
primarily on information from those wells. In these
wells the Ninuluk formation consists of 200 feet of
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sandstone separated into beds 20 to 50 feet thick by
beds of clay shale. The sandstone is commonly light
medium gray, fine to medium grained, friable, and
slightly silty and argillaceous, with a salt and pepper
appearance ; none of the beds contained oil or gas. The
rock is composed of angular to subangular clear and
white quartz grains with some gray chert and dark
rock fragments. Clay shale, which makes up a little
less than half of the formation, is medium to medium
dark gray, and is rarely very silty. Siltstone, present
in thin beds, is medium gray, argillaceous, and slightly
micaceous in part. A minor amount of shaly coal, clay
ironstone, and white bentonite are also present, al-
though the last is rare and is limited to the upper part
of the formation. A distinctive microfaunal assem-
blage, the Gaudryina-Trochammina fauna, is present
in this formation. (See p. 480-481.)

The drill in Wolf Creek test well 2 penetrated similar
rocks, but the lithologic units described above vary
considerably in thickness, or disappear entirely before
reaching this northern test. Some of the sandstone
beds can be correlated in the three wells. The upper-
most 50 feet of the Ninuluk formation, not present in
the other wells, was found to be similar to the rest of
the formation, except for a slightly greater amount of
bentonite.

The base of the formation is found at the bottom of
the thick sandstone beds and below the lowest occur-
rence of the Gaudryima-Trochammina microfauna.
The formation is approximately 420 feet thick.

KILLIK TONGUE OF THE CHANDLER FORMATION

The Killik tongue (Lower Cretaceous) of the non-
marine Chandler formation (Nanushuk group), is
about 900 feet thick and is composed primarily of clay
shale, with some thin beds of sandstone, siltstone, and
coal. The clay shale is medium dark gray, and is silty
and micaceous in part. A little black clay shale is asso-
ciated with the coal. The thin sandstone beds differ
from those of the Ninuluk formation in being very fine
grained, very argillaceous and silty, and slightly to
very micaceous; some of the lower beds, which are 10 to
20 feet thick, produced a small amount of gas in Wolf
Creek test well 1 and water in Wolf Creek test well 2.

The base of the formation cannot be determined ex-
actly, but the approximate division between the Killik
tongue and the underlying Grandstand formation is
placed below the lowest bentonite and above a common
occurrence of specimens of Verneuilinoides borealis
Tappan, although a few Foraminifera occur, probably
in thin interfingering beds of marine sediments, just
above the base of the Killik tongue. (See p. 481)

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1944—53

GRANDSTAND FORMATION

Only the uppermost part of the Grandstand forma-
tion was penetrated by Wolf Creek test wells 1 and 2
(150 and 60 feet, respectively). The description below
is based on the 1,360 feet drilled in Wolf Creek test well
3. The formation (Lower Cretaceous) is the lowest
part of the Nanushuk group in this area. The rocks
are marine and consist of about 1,350 feet of alternat-
ing sandstone and clay shale with rare siltstone beds.
The upper 125 feet consist of medium-dark-gray non-
calcareous silty clay shale. This is underlain by 60 feet
of medium-light-gray fine-grained slightly silty very
slightly micaceous sandstone that is composed of sub-
angular clear and white quartz with rare chert and rock
fragments. A few thin beds of clay shale break the con-
tinuity of the sandstone. A show of gas and a faint cut
of oil in CCl, were obtained from this bed. Lower
sandstones are very fine to fine grained, range from 15
to 100 feet in thickness, and alternate with 10- to 100-
foot beds of clay shale or claystone; sandstone makes
up approximately half of the sequence. Two of the
sandstones gave slight indications of oil or shows of
gas. Porosity of the sandstone beds range from 0.3 to
16 percent and permeability from impermeable to 32
millidarcys, except for a bed at 1,553 feet which had 19
percent porosity and 305 millidarcys permeability.
The base of the formation is arbitrarily placed at the
bottom of the lowest thick bed of sandstone.

TOPAGORUK FORMATION

The Topagoruk formation (Lower Cretaceous), pen-
etrated on the anticline only by Wolf Creek test well 3,
is a sequence of marine rocks differing from the over-
lying Grandstand formation only by the lack of thick,
massive sandstone beds and the greater proportion of
fine clastics; the microfauna and characteristic rock
types encountered are the same. The formation is com-
posed mostly of medium-dark-gray clay shale, with
some beds of medium-light-gray very fine-grained ar-
gillaceous silty sandstone and medium-gray argilla-
ceous siltstone. No shows of oil or gas were noted in
the 1,000 feet of the Topagoruk formation penetrated
by the well. As the base of the formation was not
reached, its total thickness in the area is unknown.

WOLF CREEK TEST WELL 1

Location : Lat 69°23’11’’ N., long 153°31’15’’ W.
Elevation : Ground, 712 feet; derrick floor, 714 feet.
Spudded : April 29, 1951.

Completed : June 4, 1951 ; junked and abandoned.
Total depth: 1,500 feet.

The first of 8 wells drilled on the Wolf Creek anti-
cline was planned to penetrate the Grandstand for-
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mation, which contains the oil-producing sandstone
beds of the Umiat oil field about 85 miles to the east,
to determine its petroleum content and reservoir pos-
sibilities in the Wolf Creek area. The well is about
1,500 feet south of the axis of the anticline. (See fig.
36.) It drilled through a few feet of soil before pene-
-trating rocks of the Nanushuk group. The Ninuluk
formation is present from 10 to 455 feet and is under-
lain by nearly 900 feet of the Killik tongue of the
Chandler formation (455 to 1,350 feet). The Grand-
stand formation was penetrated in the bottom 150 feet
of the hole. No shows of oil were noted, but minor
amounts of gas flowed from sandstone beds in the Killik
tongue ; the bottom 10 feet in the well produced 1,304,-
900 cubic feet of gas per day from the only massive
sandstone bed of the Grandstand formation that was
reached by the test well. The well was abandoned at
1,500 feet when a core-barrel assembly was lost and
could not be recovered from the hole,

The electric log from this well (see pl. 30) reflects
the lithology rather poorly ; intervals of high resistivity
and spontaneous potential on the log rarely correspond
with the sandstone beds as indicated by bit cuttings
brought up in the bailer and in the cores that were
recovered.

DESCRIPTION OF CORES AND CUTTINGS

Descriptions of the rocks penetrated in Wolf Creek
test well 1 are based on an examination of cores and
cutting samples. Composition as shown on the graphic
log is determined in part by interpretation of electric
log and may differ slightly from the written descrip-
tion. The material was described dry, and colors were
determined by comparison with the Rock Color Chart
(Goddard and others, 1948). The depths were meas-
ured from the top of the derrick floor.

Abundance of microfossil specimens mentioned at
the beginning of each core description is defined as fol-
lows: 1-4, very rare; 5-11, rare; 12-25, common ; 26-50,
abundant ; more than 50, very abundant.

Lithologic description
[Where no core is listed, description is based on cutting samples}

Core Depth (feet) Remarks

—— 0-4 | Derrick floor to ground level. The inter-
val between ground level and 50 ft is
described from Arctic Contractors driller’s
log; no samples were taken.

———- 4-10 | Surface soil.

——— 10-20 | Sandstone. Top of Ninuluk formation at
10 ft.

O 20-32 | Gray shale.
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Lithologic description—Continued

Core

Depth (feet)

Remarks

32-40
40-50
50-65

65-90

90-92
92-115
115-125

125-155
155-165

165-180

180-200
200-240

240-270
270-280

280-295

295-301

301-307

307-330

330-360

360-380

380405

405~-410

410-415
415-420

Clay.

Shale, blue, sticky.

Clay shale, medium-light-gray, slightly
micaceous, calcareous; with abundant
grayish-yellow hard clay ironstone.

Clay shale and clay ironstone, as above;
and medium-light-gray very calcareous
siltstone with carbonaceous flakes; and
medium-light-gray very fine-grained cal-
careous sandstone consisting of suban-
gular white and clear quartz with some
dark rock grains and some carbonaceous
streaks.

Coal, black, subvitreous; with blocky frac-
ture.

Clay shale, siltstone, and clay ironstone, as
above.

Coal, with a minor amount of sandstone, as
above.

Clay shale, as above; coal in upper 10 ft.

Sandstone, medium-light-gray, fine-grain-
ed, friable; some clay shale and siltstone.

Sandstone, as above.

Clay shale, as above; with clay ironstone.

Sandstone, light-gray, fine- to medium-
grained, friable; composed of angular to
subrounded clear and white quartz, some
subhedral; gray chert and black rock
fragments are numerous, pyrite rare,
glauconite and mica absent. The lower
10 ft is calcareous,

Siltstone, medium-light-gray, slightly sandy
in part; rare clay shale.

Sandstone, light-gray, argillaceous; some
gray shale.

Clay shale, medium-light-gray, very slightly
micaceous; siltstone as above in upper
10 ft.

Clay shale and siltstone, as above; and
black carbonaceous shale with coal
laminae.

Clay shale, medium-gray, hard; very fine
laminae of medium-light-gray clay.

Sandstone, medium-light-gray, very fine-
grained, very silty, noncalcareous; be-
comes fine grained and less silty at the
base.

Siltstone, interbedded with medium-gray
clay shale; laminae of medium-light-gray
clay.

Clay shale, with streaks of coal and clay
ironstone in upper part.

Sandstone, medium-light-gray, very fine-
to fine-grained, noncalcareous, slightly
silty and argillaceous.

Siltstone, interbedded with sandstone, and
clay shale.

No sample.

Sandstone, with some siltstone, and shale.
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Lithologic deseription—Continued

Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks

———— 420-437 | Clay shale, medium- to medium-dark-gray, | -._- 745-750 | Siltstone.
silty, slightly micaceous; and medium- | _ ... 750-765 | Siltstone and clay shale.
light-gray slightly micaceous argillaceous | ____ 765-775 | Siltstone, with a minor amount of sand-
siltstone. stone.

——— 437-455 | Sandstone, as above. U 775-780 | Sandstone, with a minor amount of silt-

———— 455-460 | Sandstone and clay shale. Top of Killik stone, clay shale, and clay ironstone.
tongue of Chandler formation at 455 ft. | __._ 780-785 | Clay shale, with some siltstone and sand-

———— 460-495 | Clay shale, medium- to medium-dark-gray, stone.
nonmicaceous, noncaleareous; a small | ____ 785-789 | Siltstone, light-gray, noncalcareous; with
amount of clay ironstone and coal in some medium-gray clay shale,
bottom 15 ft. 2 789-794 | Recovered 5 ft: Microfossils absent.

——— 495-530 | Clay shale, as above; and medium-light- 2 ft 2 in., clay shale, medium-dark-
gray siltstone; some clay ironstone at gray; numerous fine laminae of medi-
515 ft. um-gray slightly micaceous noncal-

———i 530-540 | Siltstone, as above; some clay shale, and a careous siltstone, lenticular or cross-
minor amount of coal. bedded in part. Grades into unit

———- 540-545 | Siltstone, clay shale, and coal. below.

———— 545-550 | Clay shale and siltstone; some sandstone, 2 ft 10 in., claystone, medium-dark-
clay ironstone, black clay shale, and a gray, very silty, very micaceous,
minor amount of coal. noncaleareous; some fragments of

——- 550-555 | Clay shale, with some siltstone. carbonized plants.

———— 555-560 | Coal, with a minor amount of siltstone. ——- 794-798 | Clay shale.

— 560-565 | Clay shale, siltstone, and coal. ———— 798-815 | Clay shale, very silty; some black carbo-

———— 565-568 | Sandstone with some coal. naceous clay shale and a small

——— 568-575 | Clay shale and siltstone, calcareous. amount of sandstone; clay ironstone

——— 575-580 | Limestone, bluish-gray, slightly argilla- in lower half of section.
ceous, very finely crystalline. ——— 815-840 | Clay shale and sandstone, medium-light-

P 580-585 | Clay shale, medium-gray; a small amount gray, very fine- to fine-grained, very
of limestone as above. argillaceous, slightly calcareous in part,

U 585-590 | Siltstone, with small amounts of gray and glightly  glauconitie; carbonaceous
black clay shale, coal, and sandstone. patches. Clay ironstone and siltstone

———- 590-595 | Clay shale, and siltstone with a small also present in lower 10 ft and a few
amount of clay ironstone. pieces of reddish-brown sandy lime-

——— 595-615 | Clay shale, medium- to medium-dark- stone at 820-825 ft.
gray; some siltstone at the top and the | --__ 840-850 | Clay shale, with some clay ironstone in
base of the section. upper 5 ft.

——_—— 615-620 | Siltstone and clay shale. e 850-857 | Clay shale and coal; a minor amount of

———— 620-625 | Siltstone, with some clay shale. black clay shale.

c_——- 625-629 | Sandstone, with some siltstone. ———— 857-865 | Sandstone, as above; some clay shale and

1 629-634 | Recovered 10 in.: Microfossils absent. siltstone.

Clay shale chips, medium-gray; some 3 865-870 | Recovered 3 ft: Microfossils absent.
flakes of carbonized plants; two frag- Sandstone, light-gray, fine- to medium-
ments of medium-light-gray sandy grained, argillaceous, noncalcareous.
siltstone. It is composed of subrounded grains

——- 634-650 | Clay shale and siltstone, with a small of white and clear quartz and numer-
amount of clay ironstone. ous dark grains. Streaks and frag-

———— 650-655 | Sandstone, with a small amount of silt- ments of carbonized plant remains are
stone. scattered throughout. It grades into

———- 655-662 | Clay shale, gray, and coal; with a small sandy shale and sandstone at base.
amount of sandstone and black clay Permeameter indicated a sample from
shale. 867 ft to be impermeable to air.

—_—— 662-685 | Clay shale, with a small amount of coal. Effective porosity of the same sample

— 685-690 | Coal and clay shale. by the Barnes method 5.31 percent.

——— 690-695 | Clay shale, with some siltstone. em 870-885 | Clay shale, with some coal, especially in

—— 695-725 | Clay shale, with a minor amount of silt- the bottom 5 ft.
stone in the lower part. ——— 885-890 | Shale, gray and black; with siltstone and

————- 725-745 | Sandstone, carbonaceous; a small amount coal.
of siltstone and clay shale in the upper | -... 890-900 | Clay shale, with clay ironstone in the top

10 ft.

5 ft and eoal in the bottom 5 ft.
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Lithologic description—Continued
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Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks

e 900-925 | Clay shale, medium- to medium-dark-gray, | ----| 1, 250-1, 270 | Sandstone, fine-grained; with gray clay
noncalcareous; a minor amount of coal shale and siltstone in upper 10 ft.
in the upper 10 ft, some clay ironstone | -___| 1, 270-1, 273 | No sample.
in the bottom 15 ft. 11 | 1, 273-1,278 | Recovered 2 ft 6 in.: Microfossils absent.

R 925-930 | Siltstone, with some clay shale, and a Siltstone, medium-gray, argillaceous,
minor amount coal. slightly sandy, very slightly micaceous,

R 930-935 | Clay shale. noncalcareous. The silt grainsaresim-

4 935-940 | No recovery. ilar in composition to the sand grains

- 940-945 | Clay shale, with some siltstone. of core 8, but are more angular and

R 945-950 | Clay shale, sandstone, and siltstone. have a larger percentage of dark rock

R 950-995 | Clay shale, with a minor amount of clay fragments. Grades into silty clay-
ironstone, and some siltstone at the base. stone at base.

U 995-1, 010 | Clay shale, with sandstone in the upper | -___| 1, 278-1, 290 | Sandstone, with some clay shale and clay
5 ft, and clay ironstone in the lower 10 ft. ironstone in upper 7 ft.

----| 1,010-1, 020 | Sandstone and clay shale, a minor amount 12 | 1, 290-1, 293 | Recovered 2{t 6 in.: Mjcrofossils absent.
of clay ironstone. Sandstone, as in core 8. At 1,292 ft the

—---| 1,020-1, 025 | Clay shale and siltstone. rock has a porosity of 7.02 percent and

-—--| 1,025-1, 073 | Clay shale, with siltstone streaks. is impermeable.

51 1,073-1, 077 | No recovery. w---| 1,293-1, 300 | Bentonite, white to yellowish-white; abun-
6 | 1,077-1,080 | No recovery. dant rounded grains of a yellowish
7 | 1,080-1, 084 | Recovered 3 ft 3 in.: Microfossils rare. translucent material and rare euhedral
Claystone, medium- to medium-dark- biotite plates.
gray, nonmicaceous, noncalcareous; some | ----| 1, 300-1, 310 | Clay shale.
medium-light-gray slightly silty lam- | --__| 1, 310-1, 350 | Clay shale, with a small amount of benton-
inae, commonly crossbedded. A clay ite and sandstone; medium-gray very
ironstone lens one-half inch thick is pres- sandy slightly argillaceous noncalcareous
ent 1 ft above the bottom of the core. micaceous siltstone in upper 10 ft.

—_--| 1,084-1,090 | Clay shale, black and gray; some sand- | ---_| 1,350-1,400 | Clay shale, medium-gray; a minor amount
stone. of clay ironstone. Top of Grandstand

—-—-| 1,090-1, 120 | Clay shale, with small amounts of clay formation at 1350 ft.
ironstone, siltstone, and sandstone in | ---_| 1,400-1, 420 | Siltstone, medium-gray, very argillaceous.
the upper 10 ft. ———-| 1,420-1, 485 | Clay shale, medium-dark-gray, very silty;

----{ 1,120-1, 140 | Clay shale and sandstone. carbonaceous streaks and streaks of

—---| 1,140-1, 150 | Clay shale. siltstone; a small amount of bentonite at

—---1 1,150-1, 160 | Sandstone, light-gray, very fine- to fine- 1,435-1,445 ft.
grained, argillaceous, micaceous, non- | __._| 1, 485-1, 492 | Siltstone, with sandstone, and some
calcareous. bentonite.

____| 1,160-1, 170 | Sandstone, light-gray, medium- to fine- | -~--| 1,492-1,500 | No sample. Arctic Contractors’ well
grained, slightly argillaceous; but with geologist, Marvin Heany, described the
many dark rock grains. interval as sandstone.

8 | 1,170-1, 174 | Recovered 6 in.: Microfossils absent.
Sandstone, light-gray, fine- to medium-
grained, argillaceous, noncalcareous; LOGISTICS
P?tc?es ?1{11‘11 fmgrgents of °3rb°niz‘:)d A drilling foreman and a geologist supervised the
znangZr Whiie 21% clg:u;iaxz c?m: flrilling of Wolf Creek test well 1. The drilling crew
monly frosted, with gray chert and | included 2 drillers, 2 tool dressers, 1 fireman, 1 heavy-
some dark rock fragments. Mica, | duty-equipment mechanic and welder; 5 other men—1
pyrite, and glauconite are very rare | cook, 1 kitchen helper, 1 janitor, 1 Caterpillar-tractor
o | 11741, 175 | No rgzozt;‘?t' operator, and 1 Warehouseman:timekeeper.—.were also
10 | 1, 175-1, 178 | No recovery. permanently employed at the site. Elegtncmns, addi-

_—_| 1,178-1, 225 | Clay shale, light- to medium-gray; a minor | tional tractor operators, and the electric-log operator
amount of siltstone. came from Barrow or Umiat as they were needed.

—---] 1,225-1,235 Sands.t;(lme, verxthﬁlie- 11510l fine-grained, Housing consisted of 15 wanigans; 2 were used for
argillaceous; with clay shale. N

| 1,235-1,250 | Siltstone, medium-gray, very sandy, dormitories, 2 for water storage, and the others for

slightly argillaceous, micaceous, noncal- |

careous; a small amount of clay shale.

466290—59——5

1 galley, 1 messhall, 1 radio room and store, 1 food ware-
house, 1 generator and boiler room, 1 geological and
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engineering office, 1 machine shop, and 1 utility room;
and some were used for electric-log-equipment storage,
cement storage, and cement-pump housing. The
wanigans and other equipment used by Arctic Con-
tractors were brought to the site from Barrow by a
tractor train, and men were flown in by a small plane.
Vehicles used locally were 2 D8 Caterpillar tractors, 3
weasels, and a TD-9 small crane (cherrypicker). The
well was drilled with a Bucyrus-Erie spudder, a model-
29 water-well drill with a 45-foot all-steel mast. Power
was furnished by a Caterpiller D-3400 6-cylinder
diesel engine; a Kohler 4.0-kilowatt light plant and a
Heat-Pak boiler were also used.

During the last 3 weeks of drilling (from 865 to
1,500 feet), 8,871 gallons of diesel fuel and 404 gallons
of 72-octane gasoline were burned, 101 gallons of lubri-
cating oil and 16 pounds of grease were consumed, and
57,000 gallons of water was used. No records of con-
sumption are available for the first part of the drilling.

DRILLING AND TESTING OPERATIONS AND GAS ANALYSES

The Bucyrus-Erie spudder was mounted on a welded-
steel sled and was set on 12 by 12-inch timbers atthe
well site. A summary of drilling and testing records
compiled largely from data recorded by Arctic Con-
tractors’ engineer, Marvin Heany, is given below. Gas
analyses made by the U. S. Bureau of Mines’ Petroleum
Experiment Station at Bartlesville, Okla., are also
included.

Notes from drilling records
Depth (feet) Remarks

49 . An 1134-in. 45-1b casing was set at 48 ft with 21
sacks of Cal-Seal poured around the casing,
cementing it solidly to the wall of the hole.

210 .. ______ Fresh water was used as a drilling fluid to 210 ft;
below that depth, brine made of 35 1b of salt
per bbl of water was used.

378 . An 8-ft section of the bailer dump stem was lost
in the hole and then drilled up.
863 . ______ A slight flow of gas was noted at 863 ft; the closed-

in pressure at the surface was 401b after 5 min,
in spite of a leaking 10-in. ram,

865 .. Operations were shut down for 3 days, waiting
for a new ram. The gas flow was then tested
with a eritical flow prover and results are given

below.
Pressure | Tempera- | Volume
Orifice (in.) (psi) ture (°F) | (cu ft per
day)
20.2 14 116, 000
32.5 25 71,100
42,75 22.5 21, 250

The gas recovered during this test contained 4.4
percent noncondensables, 95.1 percent meth-
ane, 0.2 percent ethane, and 0.3 percent pro-

pane, by volume, according to an analysis by
the U. S. Bureau of Mines. After the test the
well was killed with 200 ft of salt water, and
drilling was resumed.

Gas started to flow while the tools were being
withdrawn from the hole, and an explosion set
fire to the canvas rig housing, destroying it and
electrical connections and belts. The rig was
not seriously damaged, and drilling started
again after 2 days for repairs, during which the
10-in. gate was replaced with a 1134-in. high-
pressure gate. The hole was filled to 200 ft
with brine,

Fluid was bailed from the hole, the rams closed
and the well shut in. Pressure rose to 60 psi
in an hour, and to°70 psi at the end of the
second hour. The rams were opened and the
gas bled off. The hole was found dry, and
drilling was continued.

Show of gas in sandstone at 1,152 to 1,175 ft.

The flow of gas increased while the hole was being
drilled at 1,491 ft. After coring from 1,492 to
1,496 ft, the gate valve was shut and pressure
built up to 60 1b in 30 min,

While a core was being taken at 1,500 ft, the core
barrel assembly was lost in the hole and could
not be recovered. After waiting a day for a
2-in. critical flow prover and electric logging
equipment, a test of the gas flow gave the
following results:

Pressure | Tempera- | Volume
Orifice (in.) (psi) ture (° F) | (cu {t per
day)
B eaa 53 33 881, 300
D 2 T 100 35 397,100

The gas was analyzed by the U. S. Bureau of
Mines and found to contain 0.15 percent nitro-
gen, 99.55 percent methane, 0.15 percent
ethane, and 0.15 percent propane. After the
test the hole was filled with fresh water. The
flow of gas stopped and the rock absorbed some
of the water. An eleetric log from 437 to 1,407
ft was made with hand-recording Schlumberger
equipment, and the water level was located at
330 ft. The fresh water in the hole apparently
affected the spontaneous potential, so the curve
does mnot clearly reflect lithologic changes.
Bridges at 820-850 and 1,325-1,475 ft were
cleaned out, and the hole again filled with fresh
water. After making an electric log from 1,400
to 1,450 ft, the hole was shut in and abandoned.
The top of the casing, at ground level, was sur-
mounted by a collar, a nipple, a flange, and a
flanged gate. A 2-in. collar is welded into the
nipple and a small nipple and 125 psi brass gate
valve projeet from the collar.

The 25 bits used to drill the well were redressed at
the well site by hard-surface welding. A Baker
cable-tool core bit 6 was used for coring, and 3
core heads took 51 ft of core, of which 17 ft were
recovered.
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WOLF CREEK TEST WELL 2

Location : Lat 69°24’17’’ N,, long 153°31'15"’ W.

Elevation above sea level: Ground, 437 feet; derrick floor, 443
feet.

Spudded : June 6, 1951.

Completed: July 1, 1951; dry and abandoned.

Total depth: 1,618 feet.

Wolf Creek test well 2 is about 114 miles north of
Wolf Creek test well 1, on the north flank of the Wolf
Creek anticline. The purpose of the well was to de-
termine whether the gas-bearing sandstone beds pene-
trated in Wolf Creek test well 1 contained oil in a lower
structural location. A weak blow of gas at 768 feet and
a slight show of gas in the shale of core 2 (768-770
feet) were the only evidence of hydrocarbons in the
well. A sandstone bed from 940 to 960 feet produced
20 gallons of water per hour. The water had a sodium-
chloride content of 9,405 parts per million. A few sand-
stone beds in the upper part of the hole appeared perme-
able, but most are very argillaceous and silty. Sand-
stone cores were too badly broken to be suitable for
testing.

Wolf Creek test well 2 is 213 feet lower structually
than Wolf Creek test well 1 and is the only Wolf Creek
test to penetrate beds of the Seabee formation (Colville
group, Upper Cretaceous, 45 to 130 feet) beneath the
mantle of alluvial gravel and clay (6 to 45 feet). The
drill passed through the Ninuluk formation (130 to 650
feet) and the Killik tongue of the Chandler forma-
tion (650 to 1,545 feet) into the upper part of the
Grandstand formation (1,545-1,618 feet). The great-
est depth to which the rig could drill was 1,618 feet, and
the well was abandoned without reaching the base of
the Grandstand formation.

DESCRIPTION OF CORES AND CUTTINGS

Descriptions of the rocks penetrated in Wolf Creek
test well 2 are based on examinafion of cores and cutting
samples. Composition as shown on the graphic log,
however, is determined in part by interpretation of the
electric log. The material was described dry, and
colors were determined by comparison with the Rock
Color Chart (Goddard and others, 1948). The depths
were measured from the top of the derrick floor.

Abundance of microfossil specimens given in each
core description is defined as follows: 1-4, very rare;
4-11, rare; 12-25, common ; 26-50, abundant ; more than
50, very abundant.
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Lithologic description

[Where no core is listed, description is based on cutting samples}]

Core

Depth (feet)

Remarks

0-6
6-15

15-25

25-45

45-75

75-80

80-90

90-120

120-130

130-140

140-150
150-160

160-170

170-180

Derriek floor to ground level.

“Tundra, clay, silt, and ice.”” From a report
by Arctic Contractors’ well geologist.
Sand and gravel; grains medium sand size
to three-eighths inch in diameter, com-
posed of yellow and black chert; well
rounded or rarely subangular, with rare
white chert and milky quartz. Some
broken pebbles and concentrically ringed
concretions of clay ironstone, dark red
(hematitic) and grayish-yellow (lim-
onitic). A small amount of very fine
to coarse sand, consisting of subangular
grains of white and eclear quartz with

some chert and ironstone.

Clay, light-olive-gray, very slightly and
very finely micaceous, noncalcareous;
some gravel (cavings from above?).

Clay shale, medium- to medium-light-gray,
slightly micaceous, noncalcareous; some
light-gray silty bentonitic laminae near
base; rare clay ironstone. Top of Seabee
formation at 45 ft.

Bentonite, very light-yellowish-gray, unc-
tuous; plastic when wet; euhedral biotite
and flat, angular quartz grains are com-
mon.

Clay shale, as above; olive- and medium-
gray very argillaceous slightly mica-
ceous noncalcareous siltstone. Some
light-olive-gray very fine-grained very
silty slightly argillaceous calcareous hard
sandstone; olive tinge caused by limonitic
cement.

Siltstone, olive- and medium-gray. Sandy
in lower part, with some shale and a
minor amount of clay ironstone.

Siltstone, medium-gray; some very fine- to
fine-grained friable sandstone composed
of subangular white and clear quartz
grains.

Clay shale, medium-dark-gray; some silt~
stone that has clay laminae. Top of
Ninuluk formation at 130 ft.

Clay ironstone, some medium-light-gray
and black clay shale, siltstone, and coal.

Siltstone, medium-light-gray; with thin
beds of light-olive-gray siltstone.

Clay shale, medium-gray; a minor amount
of dark-red clay ironstone, coal, and
black shale.

Bentonite, light-gray, as in interval from
75-80 ft; a small amount of clay shale.
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Lithologic description—Continued

Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks

- 180-190 | Coal, and gray and black clay shale. R 615-625 | Siltstone, sandy; grades to very fine-

R 190-200 | Sandstone, medium-light-gray, very cal- grained, silty sandstone.
careous; like sandstone at 80-90 ft but | ___. 625-635 | Sandstone, light-gray, fine-grained, non-
lacking limonitic cement; some siltstone. argillaceous, noncalcareous; a small

- 200-220 | Clay shale, medium-light-gray, calcareous amount of clay shale.
in part; some medium-light-gray partly | -__. 635-645 | Siltstone, medium-gray; with sand and clay
calcareous siltstone. shale.

- 220-240 | Clay shale, dark- to medium-dark-gray. I 645-655 | Clay shale, medium- to medium-dark-

—em 240-260 | Siltstone, medium-light-gray, very to gray, nonmicaceous, noncalcareous; streaks
slightly argillaceous, slightly calcareous; of siltstone. Top of Killik tongue of
clay shale in upper half. Chandler formation at 650 ft.

R 260-280 | Sandstone, very fine-grained, very silty, | _.._ 655—675 | Siltstone, some clay shale, especially in
nonmicaceous, calcareous; beds of silt- upper 10 ft; rare coal and black shale
stone in upper 10 ft. in upper 10 ft; a few pieces of ben-

e 280-290 | Clay shale, medium-dark-gray; with silt- tonite (?).
stone, sandstone, grayish-yellow eclay | -.._ 675-685 | Coal and black shale, some siltstone, and
ironstone, black shale, and coal. a small amount of clay shale.

—— 290-310 | Siltstone, with some clay shale and sand- | ____ 685-695 | Siltstone, some clay shale and rare light-
stone. olive-gray very fine-grained very silty

I 310-320 | Coal, black, shiny; blocky to subconchoidal sandstone. -
fracture; shaly cleavage; a small amount | ____ 695—705 | Siltstone and clay shale, with a little coal
of bentonite and clay shale. and black shale.

—_—— 320-360 | Sandstone, light-gray, very fine-grained, | ____ 705-715 | Clay shale.
becoming fine-grained with depth, | .._._ 715-725 | Clay shale, with siltstone, sandstone, and
slightly argillaceous, noncalcareous; com- some clay ironstone.
posed of subrounded white and eclear | .___ 725-742 | Siltstone and sandstone, olive-gray, very
quartz, with gray chert and dark rock silty; carbonaceous laminae.
fragments; carbonaceous flakes present; 1 742-745 | Recovered 6 in.: Microfossils absent.

a few yellow grains; no limonitic cement. Clay  shale, medium-gray, silty,

e 360-380 | Siltstone, medium-gray, very argillaceous, slightly micaceous, calecareous; poor
slightly calcareous in part; medium-gray shaly cleavage.
clay shale in lower 10 ft. ——— 745-750 | Clay shale, calcareous in part; some

S 380-410 | Clay shale, medium-gray, nonmicaceous, siltstone and clay ironstone.
noncalcareous; some sandstone and silt- | ____ 750-755 | Coal and sandstone, fine- to medium-
stone in lower 10 ft. grained, calcareous; with gray and black

—— 410-425 | Sandstone, very fine- to fine-grained, clay shale.
friable; composed of white and clear | ____ 755-760 | Siltstone.
quartz grains, rarely frosted, with some | ____ 760-765 | Clay shale and siltstone, some sandstone,
gray and black chert and dark rock and a small amount of clay ironstone.
fragments. ——— 765~768 | Clay shale, with streaks of siltstone.

——— 425-430 | No sample. 2 768-770 | Recovered 5 in.: Microfossils absent.

——- 430-440 | Clay shale with siltstone. Claystone, (one fragment), medium-

—— 440-450 | Siltstone, sandy, very fine-grained, very gray, very silty, slightly miecaceous,
silty and argillaceous; grades to sand- noncalcareous; rare carbonaceous
stone; a small amount of shale. flakes, and one grain of amber.

——- 450-500 | Clay shale, medium- to medium-dark-gray, | .- 770-775 | Coal, black and gray clay shale, and
very uniform, nonmicaceous; a small siltstone.
amount of siltstone in the top 10 ft. . 775-790 | Clay shale, with some sandstone at 780-

- 500-525 | Sandstone, very fine- to fine-grained, 785 ft.
friable, as in sandstone at 410 ft. R 790-795 | Clay shale, siltstone, and a little sandstone

———- 525-535 | Clay shale, medium-gray, silty in part. e 795800 | Siltstone, with some clay shale.

——- 535-545 | Limestone, medium-gray, argillaceous, | ... 800-810 | Clay shale, with some silistone in the
dense; with siltstone, clay shale, and upper part.
minor amounts of coal and ironstone. ———- 810-815 | Clay shale, with siltstone and very fine-

N, 545-565 | Clay shale. grained very silty sandstone.

mm 565-585 | Sandstone, mostly very fine-grained, some | ___. 815-825 | Clay shale, with some siltstone and coal
fine-grained, silty, carbonaceous; coal in the lower 5 ft.
increases with depth. - 825-830 | Siltstone and clay shale.

——- 585-615 | Clay shale, with siltstone and sandstone, | _.__ 830-835 | Clay shale, dark-gray, silty, carbonaceous;

light-olive-gray, very fine-grained, silty.

grades into siltstone.
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Core Depth (feet) Remarks Core Depth (feet) Remarks

———— 835840 | Clay shale, medium-gray; a little coal and ate are present 1 ft below the top and
black shale. 6 in. above the base of the core; they

———— 840-850 | Clay shale, bentonitic; with black shale in consist of subangular to rounded chips
the upper half. (as much as 1 in. in diameter) of me-

———- 850-860 | Coal, with black shale, and siltstone. dium-gray clay shale, light-yellowish-
Siltstone is brownish red with black gray clay ironstone, and coal, in a
sand-size coal particles. sandstone matrix.

———— 860-865 | Claystone, light-gray, waxy; slickensides; } .._. 968-970 | No sample,
medium-light-gray very fine-grained very | .___ 970-990 | Clay shale, medium-dark-gray, very silty;
silty and argillaceous noncalcareous some siltstone in upper part.
sandstone. . 990-995 | Sandstone, with siltstone and clay shale.

—_— 865-880 | Clay shale, medium-light- to medium-dark- | ____| 995-1,000 | Clay shale, medium- to medium-dark-gray.
gray. ----| 1,000-1, 005 | Sandstone, with some siltstone.

———— 880-885 | Siltstone, medium-light-gray, and clay 6 | 1,005-1,010 | Recovered 5 ft: Microfossils absent.
shale. Clay shale, medium- to medium-dark-

——- 885890 | Claystone, medium-light-gray, slightly gray, silty, slightly micaceous, non-
waxy, noncalcareous, nonbentonitic. calcareous; rare flakes of carbonaceous

——— 890-895 | Siltstone, medium-gray; a few reddish- material; laminae of medium-gray silt-
brown siltstone fragments. stone are rare at the top, more numer-

———- 895-900 | Sandstone, very fine-grained, very silty ous, thicker, and sandy at the base of
and argillaceous, noncalcareous; some the section.
siltstone and streaks of clay shale. —---| 1,010-1,015 | Siltstone.

—- 900-920 | Clay shale, medium- to medium-dark-gray, | .___| 1,015-1,030 | Clay shale, medium-light- and medjum-
silty in part. dark-gray, with medium-gray siltstone

——_— 920-925 | Coal. in lower 10 ft.

R 925-935 | Sandstone, medium-gray, very fine-grained, | ....| 1,080-1,085 | Coal, with a little black shale.
silty, argillaceous, noncalcareous; a [ ._._| 1,085-1,045 | Clay shale, medium-gray; and medium-
small amount of siltstone and coal. light-gray siltstone.

———— 935-940 | Siltstone. | 1,045-1,050 | Clay shale, with some clay ironstone.

———— 940-943 | Sandstone, light-gray, very fine-grained, | .___| 1,050-1,075 | Clay shale, medium-light~- to medium-
silty, nonecalcareous; siltstone and some dark-gray, slightly silty, medium-dark-
clay shale. gray siltstone at 1,065-1,070 ft.

3 943-946 | Recovered 2 ft: Microfossils absent. -—--| 1,075-1,085 | Siltstone, medium-dark-gray; with clay

1 ft 6 in., sandstone, medium-light-gray, shale in the lower part.
fine-grained, very silty and argilla- | ____| 1,085-1,090 | Clay shale, with a small amount of silt-
ceous, micaceous, noncalcareous; stone.
grains are composed of clear and white | ____| 1,090-1, 105 | Clay shale, siltstone, and sandstone, me-
quartz, white and gray chert, dark dium-light-gray, very fine-grained, silty,
rock fragments, and rare carbona- argilaceous; with carbonaceous laminae.
ceous material. ----| 1,105-1, 115 | Clay shale, medium-gray.

6 in., clay shale fragments, medium- | ____| 1,115-1,120 | Coal.
dark-gray, slightly silty, slightly mica- | .___| 1,120-1, 135 | Coal and black shale.
ceous, noncalcareous; rare carbona- | -.__| 1,135-1, 165 | Clay shale, medium-gray; with streaks of
ceous particles. coal, black shale, and some clay iron-

—— 946-955 | Sandstone, as in core 3. stone in the upper part; some siltstone in

c——— 955-960 | Clay shale, with clay ironstone and streaks the lower 15 ft. A small amount of tan
of sandstone. waxy nonbentonitic noncalcareous clay

4 960-963 | No recovery. is at 1,160-1,165 ft.

5 963-968 | Recovered 5 ft: Microfossils absent. -—-_| 1,165-1,170 | Clay shale, medium-gray and black, and

Sandstone, medium-light-gray, medium- siltstone.

grained, salt and pepper, argillaceous, | --_.| 1,170-1,175 | Sandstone, with black shale and siltstone.
slightly micaceous, noncalcareous; the | -.__| 1,175-1, 180 | Siltstone.
subangular to subrounded grains are | ____| 1,180-1,195 | Clay shale, with some siltstone and sand-
composed of white and clear quartz, stone at the base.
white and gray chert, and dark rock | -_..| 1,195-1, 203 | Siltstone, with some sandstone and shale.
fragments. Flakes and fragments of 7 | 1,203-1, 208 | Recovered 5 ft: Microfossils absent.

carbonaceous materiai are common
throughout. Two layers, 2 to 3 in.
thick, of intraformational conglomer-

1 ft 8 in., clay shale, as in the upper part
of core 6; an ironstone concretion 6 in,
below the top.
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Core Depth (feet) Remarks Core Depth (feet) Remarks

1 ft 4 in., interlaminated coal and eclay | -__.| 1, 450-1, 455 | Clay ironstone and sandstone, with clay
shale, dark-gray, nonmicaceous, non- shale and siltstone.
calcareous; a few small curved slicken- | ____[ 1, 455-1, 460 | Siltstone, with some clay shale and a small
sides, probably caused by minor slips amount of sandstone and clay ironstone.
during compaction. ----| 1,460-1, 490 | Clay shale, with carbonaceous flakes; some

7 in., clay shale, medium-gray, very siltstone, and sandstone at 1,465-1,470
silty, micaceous, noncaleareous; grades and 1,485-1,490 ft.
through medium-light-gray siltstone | -___| 1, 490-1, 505 | Siltstone, with some clay shale; coal in
to unit below. lower 5 ft.

1 ft 5 in., sandstone, medium-light-gray, | ----| 1, 505-1, 510 | Clay shale, with rare siltstone.
very fine- to fine-grained, very argilla- | --_-_[ 1, 510-1, 520 | Clay shale, gray and black, with coal; silt-
ceous, slightly micaceous, noncalca- stone in lower half.
reous; composed of white and eclear | ----| 1, 520-1, 525 | Siltstone, clay shale, and sandstone.
quartz, white and gray chert, with rare | ----| 1, 525-1, 530 | Clay shale, with rare sandstone and silt-
dark rock and coal particles. stone.

8 | 1,208-1, 211 | Recovered 3 ft: Microfossils absent. ----] 1,530-1, 535 | No sample.

1 ft 7 in., sandstone, as above. Grades | ---.| 1, 535-1, 545 | Clay shale and siltstone; some sandstone
into unit below. in upper 5 ft.

1 ft 5 in., siltstone, interbedded with | --..| 1, 545-1, 555 | Clay shale, with a small amount of silt-
clay shale; siltstone is medium light stone. Top of Grandstand formation is
gray, noncalcareous, slightly mica- placed at 1,545 ft.
ceous, and slightly sandy; clay shale | ----| 1, 555-1, 560 | Siltstone, with clay shale and sandstone.
is medium, gray, noncaleareous, with a | ----| 1, 560-1, 575 | Clay shale, with some sandstone, black
few carbonaceous partings. shale, and clay ironstone.

__--| 1,211-1, 215 | Siltstone, with some sandstone and shale. ----| 1,575-1, 585 | Siltstone, with clay shale, and a small

_---| 1,215-1, 235 | Clay shale, medium-gray. amount of black shale and sandstone.

----| 1,235-1, 255 | Clay shale, with some sandstone; grades to | ---.[ 1, 585-1, 593 | Coal and gray shale, a small amount of
sandstone with a little siltstone and black shale.

shale. —---| 1,593-1, 600 | Sandstone, medium-light-gray, very fine-

—---| 1,255-1, 260 | Clay shale, with some siltstone. to fine-grained, micaceous, noncalcare-
----| 1,260-1, 275 | Sandstone, with siltstone and clay shale in ous; with siltstone and clay shale.
the upper 5 ft. ----| 1,600-1, 605 | Clay shale, with streaks of siltstone.
--—-| 1,275-1, 280 | Clay shale, medium-~gray. —---| 1,605-1,610 | Sandstone, medium-light-gray, very fine-
----| 1,280-1, 300 | Siltstone, medium-light-gray. to fine-grained, noncalecareous; some silt-
_---| 1,300-1, 310 | Clay shale, with a very small amount of stone and clay shale.
light-yellowish-gray clay shale. -w--| 1,610-1, 615 | Siltstone, with some clay shale.
_---| 1,310-1, 320 | Siltstone, with clay shale, and some sand- 10 | 1, 615-1, 618 | Recovered 1 ft: Core not received in Fair-
stone. banks laboratory; rock deseribed by well
--—-{ 1,320-1, 330 | Clay shale. geologist as ‘‘clay shale, dark-gray,
----| 1,330-1, 335 | Siltstone. slightly sandy, very slightly carbona-
----] 1,335-1, 380 | Clay shale, with rare siltstone. ceous, hard.”
----] 1,380-1,390 | Clay shale, medium-gray; with siltstone,
and rare coal, and black shale.
----| 1,390-1, 396 | Siltstone, with some sandstone and clay
shale. LOGISTICS AND DRILLING OPERATIONS
91 1,396-1, 400 | Recovered 4 ft: Microfossils absent. e

1 ft 6 in., clay shale, medium-dark-gray, The crew and equipment used in drilling Wolf Creek
noncaleareous, nonmicaceous. test well 2 were the same as those for the first Wolf

2 f;fcg; ?ndsmne’ asin the upper part | (ol test. The water supply for the second hole was

--—_| 1,400-1, 405 | Clay shale, with some sandstone and silt- | taken from Wolf Creek with a stationary pump and was
stone in the lower half. not measured; petroleum products consumed included

----| 1,405-1, 410 Sa;ff:ne’ with some siltstone and clay | 3 899 oallons of diesel fuel, 207 gallons of gasoline, 17.5

-—--| 1,410-1, 415 | Clay shale. gallons of lubricating oil, and 18 pounds of grease.

--=-| 1,415-1, 440 | Clay shale;t silty; some siltstone in the The drilling operations summarized below were re-

upper part. . .

----| 1,440-1, 450 | Clay shale and siltstone, as above, with a corded by Marvin A. Heany, Arctic Contractors’

little coal.

petroleum engineer.
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Notes from drilling records

Depth (feet) Remarks

X Set 53 ft of 11%-in. 54-Ib seamless 8-thread
casing at 53 ft, and cemented it with 7 sacks of
Cal-Seal poured between the casing and the wall
of the hole.

60 ___._____ Drilling fluid was changed from fresh water to
brine made of 25 to 35 Ib of salt per bbl of
water.

725 .. Bits 7, 8, 9, and 10 were battered in drilling

through hard rock at 725-726 ft.

A slight show of gas was noted while drilling at
768 ft.

900 - _______ Below 900 ft, salt was added to the water at
irregular intervals and in amounts less than 20
b per bbl of water, because of the difficulty of
keeping an adequate supply of salt at the rig.

Water entered the hole from a sandstone bed at
940-960 ft. A 3-hr bailing test showed it to be
entering at a rate of 20 gal per hr. Salinity
was 9,400 parts per million sodium chloride,

980 oo Broke sand-line sheave and installed new one in
4 hr. Bailing showed that water was entering
the hole at a rate of 20 gal per hr.

Water was shown by bailing test to be still enter-
ing the hole at the same rate as before.

1,155 .. The dump-bailer chain was lost in the hole, but

drilling proceeded past it with no diffieulty.

1,185 . Water entering the hole decreased to 10 gal per hr.

1,280 - .._ The drive shaft operating the drawworks from
the power unit was twisted off, and operations
were shut down 39 hr for repairs. The hole
was then found to be bridged at 1,160 ft and,
after cleaning it out to 1,280 ft, 27 bailers of
mud and water were recovered. The water
contained 9,405 parts per million sodium
chloride.

Changed to a lighter string of stem and jars.

1,600 ___ The Baker core barrel was lowered in the hole, but
it did not get to the bottom because of caving
shale. The hole was cleaned out to the bottom
with bit 25. The hole was crooked and caused
the drilling line to wear excessively.

1,618 ... After coring from 1,615 to 1,618 ft, the hole was
filled with fresh water, but a large amount was
absorbed by the rock, and the water level could
not be brought above 241 ft. The fresh water
caused the rock to cave, and the sonde for the
electric log could not be lowered past 1,128 ft.
As in Wolf Creek test well 1, the fresh water
apparently affected the self-potential curve, so
that it did not clearly reflect lithologic changes.
A 11%-in. collar was placed on top of the casing
at ground level, and the well was abandoned.

WOLF CREEK TEST WELL 3
Location: Lat 69°23'11’’ N., long 153°31'25"" W.
Elevation: Ground, 782 feet; kelly bushing, 750 feet.
Spudded : August 20, 1952.
Completed: November 8, 1952; dry and abandoned.
Total depth: 8,760 feet.

Wolf Creek test well 8, the second test on the crest
of the anticline, was planned to test the sandstone beds
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of the Grandstand formation which were oil-bearing in
the Umiat field and which were not reached by the
first two Wolf Creek wells. The well is 485 feet west
of Wolf Creek test well 1 and is in a similar structural
position, being only 30 feet lower structurally than the
first test.

Below 12 feet -of unsampled deposits, possibly
alluvium (18 to 30 feet), the hole went through the
Ninuluk formation (30 to 500 feet), the Killik tongue
of the Chandler formation (500 to 1,400 feet), the
Grandstand formation (1,400 to 2,760 feet), and 1,000
feet of the Topagoruk formation before being aban-
doned at 3,760 feet.

Because Wolf Creek test well 1 was an adequate test
of the beds above 1,500 feet, no cores or tests were made
in Wolf Creek test well 8 above that depth. A few
shows of gas were obtained in 5 formation tests between
1,500 and 2,100 feet. The quantity of gas available
appeared sufficient to heat a small camp in the vicinity
but was inadequate for commercial use. Below 2,100
feet only 2 of 5 formation tests recovered any petro-
leum—a very weak blow of gas in 1 case and 2 gallons
of oil in the other. The oil may have come from the
oil-emulsion mud with which the hole was drilled.

DESCRIPTION OF CORES AND CUTTINGS

Descriptions of the rocks penetrated in Wolf Creek
test well 3 are based on examinations of cores and
cutting samples. Composition as shown on the graphic
log, however, is determined in part by interpretation
of the electric log. The material was described dry,
and colors were determined by comparison with the
Rock Color Chart (Goddard and others, 1948), The
depths were measured from the top of the kelly
bushing.

Abundance of microfossil specimens mentioned at
the beginning of each core description is defined as fol-
lows: 1-4, very rare; 5-11, rare; 12-25, common ; 2650,
abundant ; more than 50, very abundant.

Lithologic description
[Where no core is listed, description is based on cutting samples]

Core Depth (feet) Remarks

0-18
18-30
30-40

Kelly bushing to ground level.

No sample.

Sandstone, medium-light-gray, very fine-
grained, slightly argillaceous and silty,
slightly calcareous; some grayish-yellow
argillaceous calcareous siltstone that
grades to very fine-grained sandstone.
Top of Ninuluk formation at 30 ft.

Claystone, medium-gray, slightly silty,
slightly calecareous, nonmicaceous; and
sandstone as above, with very small
amount siltstone in upper part.

40-60
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Lithologic description—Continued

Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks

U 60-70 | Claystone, as above; and medium-dark- | ____ 360-370 | Sandstone, light-gray, very fine- to fine-
gray slightly silty in part nonmicaceous grained, slightly silty, noncalcareous;
clay shale. some clay shale and claystone.

I 70-90 | Clay shale, as above; with claystoneand a | ____ 370-380 | Sandstone, very fine-grained, silty, argil-
small amount of sandstone and grayish- laceous, micaceous.
yellow noncalcareous clay ironstone with | ._._ 380-390 | Clay shale, medium-dark-gray; a very
conchoidal fracture in the lower half. small amount siltstone and claystone.

——- 90-100 | Siltstone, medium-light-gray, slightly cal- | _.__ 390-400 | Siltstone, claystone, and clay shale, with a
careous, argillaceous. very small amount sandstone.

———— 100-110 | Siltstone, with claystone and clay shale as | ... 400-430 | Clay shale, medium-dark-gray, noncal-
described above. careous.

R 110-120 | Clay shale; with very fine grained slightly | ._.. 430-460 | Sandstone, very fine-grained, salt and
calcareous to calcareous sandstone; and pepper, slightly silty, noncalcareous; it
siltstone; and a trace of claystone and is fine grained in upper 10 ft with a
clay ironstone. trace of clay shale.

——- 120-130 | Siltstone, with a small amount clay shale. | ... 460-500 | Sandstone, very fine-grained, very silty

——— 130-140 | Clay shale, medium-dark-gray; and black and argillaceous, slightly calcareous in
clay shale with coaly partings; some silt- part; a small amount clay shale at 460-
stone, and a trace of coal. 480 and 490-500 ft, and a trace of clay

———— 140-150 | Siltstone, with a very small amount clay ironstone at 480490 ft.
shale, clay ironstone, and sandstone. - 500-530 | Clay shale, medium-dark- to dark-gray;

——— 150-160 | Siltstone, and clay shale. a small amount medium-gray siltstone

R 160-170 | Sandstone, yellowish-gray, fine-grained, and sandstone and a trace of clay
salt and pepper, very slightly argillaceous ironstone at 500-510 ft. Top of Killik
and silty, noncaleareous, friable; some tongue of Chandler formation at 500 ft.
siltstone and a trace of black shale, coal, | -___ 530-540 | Clay shale, with some claystone, trace
and white and pinkish-white bentonite. of siltstone and sandstone.

——— 170-180 | Siltstone, partly sandy, noncalcareous; | -_-_ 540-560 | Siltstone, with clay shale, and some
trace of sandstone and clay ironstone. glightly calcareous to calcareous sand-

———— 180-210 | Sandstione, as above, slightly calcareous in stone.
part; composed of white and clear quartz, | -_.. 560-570 | Clay shale, with siltstone.
gray chert, brown and dark rock frag- | ..__ 570-580 | Clay shale, with some siltstone, a very
ments, and rare green grains. Grains small amount sandstone and claystone,
are angular to subangular, commonly and traces clay ironstone, black shale,
frosted. Some slightly calcareous clay- and coal.
stone in the lower 10 ft. ——— 580-590 | Sandstone, siltstone, and shale.

- 210-230 | Sandstone, as above, but fine- to medium- { ..._. 590-600 | Siltstone and sandstone, medium-light-
grained; some claystone in the bottom gray, very argillaceous, slightly cal-
half. Electric log indicates claystone at careous in part.

210-240 ft. ———- 600-610 | Siltstone, a small amount of sandstone

——— 230-240 | Sandstone, fine-grained, not silty or argil- and clay shale.
laceous; very slightly calcareous; a very | .... 610~620 | Sandstone, noncalcareous, with siltstone
small amount claystone is slightly cal- and clay shale.
careous to very calcareous. e 620-630 | Clay shale, silty; and siltstone, with a

e 240-250 | Claystone, with some sandstone as above. a trace of sandstone.

S 250-290 | Sandstone, light-gray, fine- to medium- | ____ 630685 | Clay shale, medium-dark-gray, silty; a
grained, salt and pepper, nonsilty, small amount of slightly calcareous
noncalcareous, a large proportion of siltstone.
rock fragments in the sand grains. | | 685700 | Clay shale, medium-dark-gray, slightly
Medium-gray calcareous claystone is silty.
very rare. .

———- 290-300 | Sandstone, as above; with some claystone. | ~=~~ 700-740 | Clay shale, with some black shale and coal.

S 300-360 | Claystone, medium-gray, slightly calcar- | ---- 740-790 | Clay shale, medium-dark-gray, slightly
eous, and some medium-dark-gray non- silty in part, noncalcareous. A trace
calcareous clay shale; grades with of sandstone at 760-770 ft composed
depth to a greater amount of clay shale of clear quartz. A small amount black
and less claystone. A small amount shale and trace of coal in the lower 20 ft.
of siltstone is at 320-340 ft, and a small | ____ 790-800 | Siltstone, medium-light-gray, very argil-

amount of sandstone at 310-320 and
340-360 ft.

laceous, noncalcareous; a small amount
clay shale and sandstone.
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Lithologic description—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks

——- 800-810 | Sandstone and siltstone; a very small | ____| 1, 150-1, 160 | Siltstone, argillaceous; grades to silty clay
amount clay shale. shale.

———— 810-830 | Clay shale, silty; grades to siltstone; | -___| 1, 160-1, 250 | Clay shale, very silty in upper part; a small
very fine-grained silty argillaceous mi- amount siltstone at 1,170-1,180 and
caceous siltstone and sandstone, with 1,230-1,240 ft, small amounts black clay
rare carbonaceous flakes. Sand grains shale at 1,180-1,190 and 1,200-1,220 ft,
are clear quartz, with some whiie and small amounts medium-light-gray
quartz and rare rock fragments. very fine-grained very silty argillaceous

——— 830-840 | Clay shale, with a very small amount micaceous - noncalcareous sandstone at
black shale. 1,200-1,210 and 1,220-1,230 ft.

—— 840-850 | Clay shale, black; some medium-dark- | -___| 1,250~1,260 | Siltstone, and clay shale.
gray clay shale, and a small amount coal. | -___| 1,260~1,290 | Clay shale, silty at base; a small amount

c——o 850-860 | Clay shale, with a small amount white siltstone at 1,260-1,280 ft.
siltstone having a sugary texture and | ----| 1,290-1, 300 | Siltstone, medium-light-gray, sandy, argil-
composed of subangular clear clean laceous, micaceous, noncalcareous; some
quartz grains. clay shale.

——— 860-870 | Clay shale, a very small amount light-gray | ---.| 1,300~1, 330 | Clay shale, silty in the lower part; siltstone
very fine-grained noncalcareous sand- in the bottom 10 ft.
stone with a white silty matrix; com- | -___| 1,330-1, 340 | Sandstone, medium-light-gray, very fine-
posed of clear and white quartz with grained, very silty and argillaceous, mi-
very rare rock fragments. One piece caceous, noncalcareous. Electric log
very light-gray cherty limestone. indicates clay shale.

- 870-880 | Clay shale, silty, micaceous; with sand- | ____| 1,340-1, 350 | Clay shale, with a small amount clay iron-
stone as above. stone, and white very argillaceous bento-

R 880-890 | Sandstone, very fine-grained, as above; nite.
some clay shale. 1, 350-1, 370 | Clay shale, with some siltstone in bottom

- 890-900 | Clay shale, silty. N ’ ?(3)7 £t ’

T 900-920 Sﬂjisat;r;%ﬂ: reillaceous; - grades to silty ----| 1,370-1,380 | Clay shale with some sandstone, very

———— 920-940 | Clay shale, medium-dark-gray; some black sericitic. .
shale and a small amount coal which | ----| 1, 380-1, 390 | Sandstone, as above; with some clay shale.
increases slightly in the lower part. ----| 1,390-1, 410 | Clay shale, medium-dark-gray, slightly

— 940-950 | Sandstone, very fine-grained, very argil- silty in part, noncalcareous. Top of
laceous and silty; grades to very sandy Grandstand formation at 1,400 ft.
siltstone; also clay shale. ---.| 1,410-1, 420 | Clay shale and siltstone, a small amount

——— 950-960 | Clay shale, with black shale and coal, and sandstone.

a minor amount sandstone. : ;
. X ——-_| 1,420~1, 450 | Clay shale, medium and medium-dark-

——- 960-970 | Clay shale, with a minor amount black gray; a small amount siltstone at the top.
ghale and coal, and a trace of sandstone. 1 450-1. 470 | €1 hal ith andstone. and a

———- 970-980 | Clay shale, medium- and medium-dark- | ~=~"| > =% & ay S0ale, With some Sandstons,

P minor amount siltstone.
gray, silty in part.

— 980990 | Sandstone, medium-light-gray, very fine- | ----| 1, 470-1, 475 | No sample.
grained, silty, argillaceous, noncalcare- 11 1,475-1,495 | Recovered 20 ft: Microfossils very abun-
ous, sericitic; carbonaceous particles. dant.

-——-| 990-1,000 | Clay shale, with some black clay shale, and 4 ft 7 in., clay shale, medium-dark-gray,
a trace of coal. slightly silty, slightly micaceous; rare

----| 1,000-1, 010 | Clay shale, with a trace of siltstone. streaks of argillaceous siltstone and

----| 1,010-1,020 | Clay shale, silty; with very argillaceous clay ironstone. Fair shaly cleavage
siltstone. indicates that the beds lie flat.

-=--| 1,020-1,050 | Clay shale, silty; a minor amount siltstone 1 £t 7 in., claystone, dark-gray, not silty
at the top. or micaceous; poor conchoidal fracture.

----| 1,050-1, 060 | Clay shale, with some siltstone. 2 ft 3 in., siltstone, medium- to medium-

----| 1,060-1,070 | Clay shale, with a trace of coal. light-gray, sandy in upper part, non-

----] 1,070-1,090 | Clay shale, medium-dark-gray; and me- calcareous; many laminae and inter-
dium-gray very argillaceous siltstone. calations of clay shale. Peleeypod

----| 1,090~1, 120 | Clay shale, with siltstone at 1,100-1,110 ft. shell fragment from 1,487 ft identified

-~--| 1,120-1, 130 | Siltstone; grades to clay shale. by Ralph W. Imlay as Lingula? sp.

——--| 1,130-1,150 | Sandstone, light-gray, very fine-grained, 7 in., clay shale, medium-dark-gray;

very argillaceous and silty, noncalcare-
ous; some siltstone at the base.

interlaminated with medium-light-
gray siltstone. Grades into unit below,
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Lithologic description—Continued

Core

Depth (feet) Remarks Core Depth (feet) Remarks

6 ft 7 in., claystone, medium-dark-gray, 5 | 1,528-1, 545 | Recovered 17 ft: Microfossils common.
silty, nonealcareous; poor conchoidal 1 ft 5 in., Sandstone, medium-light-gray,
fracture. fine-grained with a few medium grains,

3 ft, claystone, medium-gray, noncal- slightly silty and argillaceous, non-
careous, hard; irregular intercalations calcareous; shaly cleavage (possibly
of siltstone, some of which have shal- caused by variations in clay content of
low wavy contacts resembling ripple matrix). Beds lie flat. Sand com-
marks. Grades into unit below. posed of subangular grains of clear

1 ft 1 in., sandstone, very fine-grained, and white quartz with some dark rock
very argillaceous and silty, noncal- fragments and rare carbonaceous par-
careous; abundant faint slightly carbo- ticles.
naceous and argillaceous laminae 1 ft 5 in., sandstone, as above, but with
which are slightly erossbedded. abundant intercalations and irregular

4 in., limestone, medium-gray, silty, very laminae of medium-dark-gray clay
argillaceous, dense. shale. Abundant coaly intercalations

1, 495-1, 509 | Recovered 14 ft: Microfossils very abun- and a %-in. coal bed are in a 2<in,
dant. interval 1 ft below the top of this unit.

3 ft 2 in., claystone, medium-dark-gray, Grades into unit below.
very silty, noncaleareous, hard; irregu- 1 ft, sandstone, as at top of core; poor
lar cleavage. Grades into unit below. shaly cleavage.

5 ft 8 in., clay shale, medium-dark-gray, 1 ft 4 in., claystone, medium-~dark-gray,
noncaleareous; shaly to subconchoidal silty, micaceous and mnoncalcareous,
cleavage. Less hard than claystone in upper part.
above. There is a streak of clay iron- 3 ft, sandstone, as at the top of the core;
stone at the top. poor to fair shaly cleavage. Beds lie

7 in.,, clay shale, medium-dark-gray; flat. Quebracho staining suggests fair
abundant intercalations of medium- permeability in the bottom 1 ft. No
light-gray siltstone; both noncalcare- cut or residue was obtained in CCl
ous. Beds essentially lie flat. from 1,533 ft. Effective porosity at

4 ft 7 in., siltstone, medium-light-gray; 1,533 ft 10.62 percent; the rock is too
interlaminated with medium-dark- friable for a permeability test.
gray noncalcareous clay shale; sand- 1 ft 5 in., sandstone, as above, but more
stone laminae in the lower part; some massive and very fine-grained in part;
is faintly crossbedded and lenticular. common very fine laminae of coaly

1, 509-1, 525 | Recovered 16 ft: Microfossils very abun- and argillaceous material.
dant. 11 in., sandstone, as at top of core.

1 ft, siltstone interlaminated with clay 1 ft 6 in., sandstone, fine-grained, some
shale, as above. very fine grains; intercalations; lam-

4 ft, clay shale, medium-dark-gray, very inae and rare thin beds of argillaceous,
slightly silty, noncalecareous; fair shaly micaceous, and coaly material as in
cleavage indicates that beds lie flat. the 1 ft 5-in. bed above. The top 3 in.
Grades into unit below. of sandstone is medium dark gray be-

11 ft, claystone, medium-dark-gray, non- cause of a concentration of carbon-
silty; subconchoidal fracture; abun- aceous particles.
dant pelecypod shells (including 7 in, sandstone, as at top of core.
Entolium sp. and Arciica? sp., identi- 3 ft 3 in., sandstone, as in 1 ft 6-in. bed
fied by Ralph W. Imlay) and an above., A sample from 1,543 ft had
actinopterygian fish skeleton 1 in. no cut or residue in CCls. Effective
long, identified by David H. Dunkle, porosity at 1,643 ft 12.62 percent;
U. 8. National Museum. the rock is too friable for a perme-

1, 525-1, 528 | Recovered 2 ft 7 in.: Microfossils common. ability test.

2 ft 6 in., clay shale, as in core 3. A few 1 ft 2 in., sandstone, as at top of core.

small streaks of sandstone in the basal 6 | 1, 545-1, 565 | Recovered 19 ft 9 in.: Microfossils com-

1 in. of clay shale.

1 in., sandstone, light-gray, salt and
pepper, fine-grained, argillaceous, non-
calecareous; sharp contact with over-
lying shale has ripplelike undulations.

won in claystone.

2 ft 4 in., claystone; grades to clay shale
with poor shaly cleavage; both are
medium dark gray, noncalcareous,
slightly miecaceous, and silty in upper
part.
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Core Depth (feet)

Remarks

7| 1,565-1, 583

1, 583-1, 590

1, 590-1, 634

1, 634-1, 640

1, 640-1, 645
8 | 1,645-1, 665

17 ft 5 in., sandstone, medium-light-gray,
very fine- and fine-grained, noneal-
careous; fair shaly cleavage, as at top
of core 5. Quebracho staining sug-
gests fair permeability at 1,548-1,552
and 1,559-1,560 ft. No cut or residue
of oil was found in CCl, at 1,553 ft; a
yellowish greasy stain was present as a
residue at 1,563 ft, but no cut was
noticeable at that depth. At 1,553 ft
effective porosity 18.88 percent and
air permeability 305 millidarcys; at
1,563 ft effective porosity 11.05 per-
cent, and the rock is impermeable.

Recovered 18 ft: Microfossils abundant.

9 in., sandstone, as in core 6 above.

1 ft, claystone, medium-dark-gray, very
slightly silty, nonecalcareous; pyritized
wood fragment.

5 ft 3 in., sandstone, as in core 6 above,
very fine- to fine-grained; poor shaly
cleavage in the upper part, good in the
lower part; thin streaks and inter-
calations of medium-dark-gray clay
shale. No cut, but a yellowish greasy
stain was recovered in CCls at 1,570
ft. Effective porosity at 1,570 ft
16.44 percent; the rock is too friable
for a permeability test.

9 ft 8 in., clay shale, medium-dark-gray,
interbedded and interlaminated with
light-gray fine-grained sandstone and
medium-gray siltstone, in approxi-
mately equal proportions. Laminae
range from very even to very irregular
and lenticular. Beds lie essentially
flat.

1 ft 4 in., sandstone, as at top of core.

Clay shale, silty; with fine-grained slight-
ly silty sandstone, very slightly sericitic
in part, as in cores above.

Clay shale, dark- to medium-dark-gray,
silty and very slightly silty. There is a
trace of very fine-grained very slightly
argillaceous nonmicaceous sandstone
with sugary texture at 1,610-1,620 ft.

Clay shale; with some medium-light-gray
very fine- to fine-grained very slightly
silty noncalcareous sandstone; grains are
composed of clear quartz with some
white quartz.

Sandstone, as in sample above.

Recovered 20 ft: Microfossils abundant.

6 in., claystone, medium-dark-gray, non-
calcareous; silty laminae.

12 ft 8 in., sandstone, as at base of core 6.
Quebracho staining suggests fair per-
meability through most of this section
except the lower 1 ft which shows no
stain. A very faint cut and faint
greasy stain were obtained in CCly at
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Core

Depth (fest)

Remarks

10

1, 665-1, 670
1, 670-1, 710

1, 710-1, 715

1,715-1, 716
1, 716-1, 736

1, 736-1, 790

1, 790-1, 800

1, 800-1, 810

1, 810-1, 820

1, 820-1, 830

1, 830-1, 870

1, 870-1, 875

1,649 ft. Effective porosity at 1,649
ft 13.06 percent; the rock is too friable
for a permeability test. At 1,654 ft
effective porosity 13.89 percent and
air permeability 8.5 millidarcys.

6 ft 10 in., claystone, medium-dark-gray,
slightly silty in part; upper one-third
has scattered intercalations of silt-
stone showing swirly bedding. Fraec-
ture irregular.

Recovered 6 in: Microfossils abundant.

Claystone, as at base of core 8.

Clay shale, medium-dark-gray, very slightly
silty.

Clay shale, with some sandstone, medium-
light-gray, fine-grained, silty, nonecal-
careous; composed of clear and white
quartz with some rock fragments.

Sandstone, as above.
Recovered 17 ft 6 in.: Microfossils common.
11 ft 2 in., sandstone, medium-light-
gray, very fine- to fine-grained, very
silty and argillaceous, slightly calcare-
ous in part, massive. Sand is com-
posed of subangular grains of clear and
white quartz, with some dark rock
fragments and rare carbonaceous par-
ticles. Slight variations in carbona-
ceous particles and argillaceous ma-
terial cause faint very fine laminae
through most of the section. Between
1,728 and 1,729 ft is a section of
medium-gray slightly ecarbonaceous
siltstone, with a 1-in. bed of very
carbonaceous black siltstone 6 in. from
the top. A very faint cut and very
pale-yellow residue were obtained in
CClL from 1,719 ft. Effective porosity
and air permeability at 1,719 ft 6.77
percent and < 1 millidarey, respectively.
6 ft 4 in., claystone, as in cores 8 and 9.
Siltstone lenticles present in upper 3 ft.
Clay shale, medium-dark-gray, very slightly
silty; silty streaks in shale in bottom
10 ft.
Siltstone, medium-gray, sandy, noncal-
careous; a minor amount clay shale and
a trace of white slightly argillaceous
bentonite.
Clay shale, siltstone, with a minor amount
sandstone.
Siltstone, sandy; and silty siltstone, with
some clay shale.
Clay shale, with some sandy siltstone, and
a trace of silty sandstone.

- Clay shale, medium-dark-gray, very slightly

silty to silty; a minor amount sandstone
and siltstone at 1,860-1,870 ft.

Sandstone, as in core 11 below; some clay
shale.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
11 | 1,875-1,895 | Recovered 20 ft: Microfossils rare. rare dark rock fragments. Some
2 ft 4 in., sandstone, as at the top of core grains have unweathered overgrowths
10, but very fine-grained in the top of clear quartz, giving them a sub-
8 in., below which is a 3-in. bed of hedral shape.
medium-dark-gray claystone.
21t 8in., Claystone,medium-dark-gray, Depth (feet) | Effective poros-| Air permeability
interbedded with medium-gray faintly ity (percent) (millidarcys)
laminated siltstone. Beds are 2 to 8
in. thick, with equal proportions of 7.36 | Impermeable.
siltstone and claystone. 7.84 | <1 )
7 ft, claystone, as in core 10; but with lg'g; 2";’ friable.
subconchoidal fracture in the basal ) ’
2 ft.
1 ft 2 in., clay shale, medium-dark-gray; ! Core stained by quebracho.
similar to claystone above but with | 4 | 4 935 1 955 | Recovered 19 ft: Microfossils very abun-
fair shaly cleavage. Beds lie essen- dant
tlally. flat. . . 4 ft, sandstone, as in core 13 above;
6 1t .10 in., sandstone, as in core 1_0’ very irregular scattered intercalations of
faint cut and pale-yellow residue in clay ironstone; carbonaceous and
CCly ‘at 1’889. ft. At 1,894 ft thfe argillaceous material between 1,937-
effective porosity 14.22 percent, air 1.938 ft
permeability 18 millidarcys. 3 f’t 3 i£1 sandstone, as above but
12 | 1,895-1, 915 | Recovered 19 ft 6 in.: Microfossils very slightly cé)a rser: a%—iil. interval at top
rare. contains abundant small streaks of
Sanc'lstone, as at base of core 11; but clay ironstone and carbonaceous ma-
with poor shaly cleavage and rare terial. Basal 1 in. of sandstone is
intercalations of clay shale in lower very fine grained. At 1,940 ft effec-
- . ,
p am.rt. Quebx:a.cho. staining  suggests tive porosity 13.45 percent, and the
fair permeability in top 1 ft and from air permeability 24 millidarcys.
1’5.;99 to 1,901 ft. N? cut WaS,Ob' 11 ft 9 in., claystone, medium-dark-gray,
tained, butagreas.y stain was optamed noncalcareous, slightly silty; irregular
from 1,898 ft, a faint greasy stain from fracture; thin (less than 1 in.) beds of
1,904 £%, a ot e fr(:)m 1,914 ft. medium-gray siltstone in upper 6 in.
A very faint odor was noticed at 1,898 and fine siltstone laminse in upper
and 1,904 ft. 1% £t
—--_| 1,955-1, 970 | Clay shale, rarely slightly silty.
Depth (feet) Eigec(tivgpg?)m- Ai(gieilrixgeabi%ty —---| 1,970-1, 977 | Sandstone, fine-grained, salt and pepper,
v peree arevs. silty, argillaceous, noncalcareous.
15 | 1,977-1, 997 | Recovered 19 ft 6 in.: Microfossils absent.
;'ggf """""""" g ;‘1) ;;5 Sandstone, medium-light-gray, fine-
1:914::_-::::::: 12.10 25 grained, silty, argillaceous, noncal-
careous; massive except for a 6-in.
bed at 1,988 ft that contains com-
13 | 1,915-1, 935 | Recovered 18 ft: Microfossils absent. mon carbonaceous partings. Que-

Sandstone, medium-light-gray, fine-
grained, silty and argillaceous, slightly
calcareous from 1,927 to 1,930 ft, and
noncalcareous elsewhere, massive; with
rare faint slightly darker slightly more
argillaceous sandstone laminae that
are crossbedded in some places. In
the upper half of the core, some units
that are 2 to 6 in. thick and 1 to 3 ft
apart show quebracho staining, which
suggests better permeability for these
units than for most of the sandstone.
Beds lie approximately flat. The
sandstone composed of subangular
commonly frosted grains of clear
quartz with some white quartz and

bracho staining in the upper 6 ft sug-
gests slightly better permeability in
that part of the core. Sandstone
becomes slightly finer, very argillace-
ous and silty with depth. The sand
is similar to that in core 13, but has
fewer subhedral grains and more white

quartz.
Depth (feet) Effective poros-| Air permeability
ity (percent) (millidarcys)
1,978 e eaee 2.77 | Impermeable.
1,985 o 11.76 { 3.8.
1,992 el 8.28 | Impermeable.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
16 | 1,997-2, 014 | Recovered 17 ft: Microfossils absent. ding-plane breaks. The sand is com-

Sandstone, as in core 15; grades from posed of subangular grains of clear
fine to very fine grained with depth. quartz with some white quartz and
At 2,000 ft and 2,007 ft effective dark rock fragments. At 2,042 ft. effec-
porosity 5.27 and 4.98 percent, re- tive porosity 4.44 percent, and rock
spectively; the rock at both depths is impermeable; at 2,050 ft porosity 10.6
impermeable. percent, and permeability <1 milli-

17 | 2,014-2, 017 | Recovered 3 ft: Microfossils absent. darey.

Sandstone, medium-light-gray, very fine- 21 | 2,057-2,076 | Recovered 15 ft: Microfossils very rare.
to fine-grained, massive, noncalcare- Sandstone, as in core 20, slightly cal-
ous: at 2,015 ft effective porosity 2.52 careous in part; shaly cleavage from
percent, and rock is impermeable. 2,060 to 2,063 ft. Beds lie flat.

18 | 2,017-2, 033 | Recovered 16 ft: Microfossils absent. Below 2,063 ft the sandstone is more

12 ft, sandstone, medium-light-gray, massive but has common carbonaceous
very fine-grained, very silty and ar- and argillaceous laminae, some which
gillaceous, noncalcareous, massive. show slight crossbedding. A 1I-in.
At 2,021 ft is a layer of rounded to bed of medium-dark-gray silty ecar-
well-rounded pebbles, ¥4 to 1% in. in bonaceous claystone is 2 ft above the
diameter, composed of black and gray base of core. At 2,062 ft effective
chert, light-gray hard noncaleareous porosity 11.97 percent, and rock is
sandstone, and one pebble of red and too friable for a permeability test.
dark-green chert. A 4-in. bed of | _.._|.2,076-2,095 | Clay shale, medium-dark-gray, slightly
medium-gray very silty claystone is silty in part; a very small amount of very
present 2 ft above the base of the fine-grained sandstone in the upper half.
sandstone. At 2,201 ft the effective | --__[.2,095-2, 113 | Sandstone and clay shale.
porosity 3.37 percent, and rock is 22 | 2,113-2, 133 | Recovered 20 ft: Microfossils absent.
impermeable. 1 ft 3 in., sandstone, as above; common

4 ft, siltstone, medium-gray, interbedded to abundant coaly streaks and part-
with medium-dark-gray noncalcareous ings.
claystone. Beds are 1 to 6 in. thick 18t 9 in., sandstone, medium-light-gray,
with approximately equal proportions very fine- to fine-grained, very silty
of siltstone and claystone. and argillaceous, slightly calcareous in

19 | 2,033-2, 037 | Recovered 4 ft: Microfossils absent. part, massive. Fine even carbona-

10 in., sandstone, medium-light-gray, ceous laminae between 2,117 and
very fine-grained, very silty and 2,118 ft show some cross-bedding. At
argillaceous, noncalcareous, massive. 2,120 and 2,129 ft effective porosity

6 in., claystone, medium-dark-gray, 5.75 and 3.48 percent, respectively;
slightly to very silty; with laminae rock is impermeable at both depths.
and intercalations of medium-dark- 23 | 2, 133-2, 138 | Recovered 5 ft: Microfossils absent.
gray siltstone. Sandstone, as in core 22; at 2,137 ft

1 ft 6 in., sandstone, light-gray, fine- effective porosity 11.50 percent, and
grained, slightly silty and argillaceous, air permeability < 1 millidarey.
noncalcareous; with a %4-in. bed of 24 | 2,138-2, 156 | Recovered 18 ft: Microfossils absent.
rounded claystone pebbles in medium- Sandstone, medium-light-gray, very fine-
grained sandstone matrix 8 in. below grained, very silty and argillaceous,
the top. noncalcareous, massive, uniform. The

1 ft 2 in., sandstone, light-gray, fine- sandstone is composed of angular to
grained, silty and argillaceous; but subangular grains of clear and white
very fine grained, and with thin beds quartz, with some gray and dark rock
of medium-gray very argillaceous silt- fragments. Grain surfaces are com-
stone in the upper 6 in. monly frosted. Carbonaceous par-

20 | 2,037-2, 057 | Recovered 20 ft: Microfossils, very rare. ticles and subhedral quartz grains are

Sandstone, medium-light-gray, very fine- very rare. At 2,139 and 2,148 ft
to fine-grained, slightly argillaceous effective porosity 3.43 and 3.61 per-
and silty, noncalcareous; quebracho cent, respectively; rock is imper-
staining (suggesting fair permeability) meable.
and shaly cleavage from 2,039 to 25 | 2,156-2, 158 | Recovered 2 ft: Microfossils absent.

2,047 ft. Beds lie flat. Above and
below those depths the sandstone is
more massive, having only a few bed-

Sandstone, as in core 24. At 2,157 ft
effective porosity 3.05 percent, and
air permeability <1 millidarcy.
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Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

26

27

28

-2, 158-2, 168

-2,168-2, 182

2,182-2, 197

2,197-2, 205
2, 205-2, 235
2, 235-2, 241

2, 241-2, 261

2, 261-2, 282

Sandstone, fine-grained, silty, argillaceous,
noncalcareous; a minor amount of clay
shale.

Sandstone, very fine-grained, argillaceous,
noncalcareous; with clay shale and a
small amount of very sandy very
slightly ealcareous siltstone.

Recovered 15 ft: Mierofossils abundant.

1 ft, sandstone, as in core 25; faint argil-
laceous carbonaceous laminae in the
lower 4 in.

14 ft, sandstone, medium-light-gray,
very fine-grained, interbedded with
medium-dark-gray elay shale; the
former grades to sandy siltstone with
depth. The sandstone-siltstone beds
are from 2 to 18 in. thick, and make
up approximately two-thirds of the
rock. They are noncalcareous, and
commonly contain laminae and part-
ings of argillaceous or carbonaceous
material. The claystone beds are %
to 6 in. thick., Beds lie approximately
flat.

Clay shale, and very sandy siltstone.

Clay shale, medium-dark-gray, very slightly
silty at top.

Sandstone, light-gray, fine-grained, silty,
argillaceous, noncalcareous; a minor
amount of medium-dark-gray clay shale.

Recovered 20 ft: Microfossils absent.

6 ft 8 in., sandstone, medium-light-gray,
fine-grained, very slightly argillaceous,
noncalecareous; shaly cleavage; que-
bracho staining suggests fair permea-
bility. Rare fragments of carbonace-
ous plant remains in upper part.
Beds lie flat. At 2,241 ft the effec-
tive porosity 9.66 percent, and sam-
ple was too friable for permeability
test.

13 ft 4 in., sandstone, medium-light-gray,
fine-grained, silty, argillaceous, non-
calcareous, massive, uniform; grades
to very fine- to fine-grained with
depth. Faint laminae, caused by very
glight variations in the quantity of
carbonaceous particles, are present be-
tween 2,252-2,254 ft. At 2,252 and
2,261 ft effective porosity 7.90 and
6.69 percent, respectively; rock at
both depths is impermeable.

Recovered 21 ft: Microfossils absent.
Recovery from this core consists of frag-

ments 1 to 4 in. in diameter (except
for one a foot long) which were sent
to the Fairbanks laboratory in two
core boxes, one labelled 2,261-2,271
ft and the other 2,268-2,275 ft. The

29

30

2, 282-2, 286
2, 286-2, 300
2, 300-2, 330

2, 330-2, 349

2, 349-2, 368

fragments are all medium- to medium-
light-gray very fine- to fine-grained
silbty argillaceous noncalcareous uni-
form sandstone, apparently massive.
Sand is composed of angular grains of
clear and white quartz, with rare
brown and dark rock fragments and
rare mica. At about 2,270 ft effective
porosity 5.55 percent, and rock is im-
permeable.
No sample.
Clay shale, medium-dark-gray, very silty.
Sandstone, medium-gray, fine-grained, salt
and pepper; some very fine-grained very
silty and argillaceous sandstone; silt-
stone in upper part; some clay shale.
Recovered 18 ft: Microfossils absent.

1 ft 2 in., sandstone, medium-light-gray,
fine-grained, noncalcareous; it is
coarser in the upper 2 in.; a 2-in. bed
of medium-dark-gray clay shale 7 in.
below the top.

3 ft 2 in., sandstone, medium-gray, very
fine-grained, noncaleareous; abundant
intercalations and partings of carbo-
naceous and micaceous material. A
1-in. bed of claystone is at the base.

8 in., sandstone; grades from medium-
grained at the top to fine-grained at
the base.

7 in., claystone, medium-dark-gray, silty,
noncaleareous.

1 ft 2 in., sandstone, medium-light-gray,
fine-grained, silty, argillaceous, non-
calcareous; argillaceous laminae in
lower 1 in.

8 in., claystone, as above; with 3-in. bed
of sandstone near base.

10 ft 7 in., sandstone, medium-light-
gray, very fine- and fine-grained,
slightly to very silty and argillaceous,
noncalcareous, massive. Slight vari-
ations in carbon content cause very
faint laminae in the upper part of the
sandstone. Beds lie approximately
flat. A 2-in. bed of medium-dark-
gray claystone is present at 2,340 ft.
Slickensides and white calcite veinlets
are present 1 ft above the base of the
core; the bottom 1 ft of the core is
slightly to very caleareous. At 2,338
and 2,348 ft effective porosity 5.23
and 5.37 percent, respectively; rock is
impermeable.

Recovered 11 ft: Microfossils absent.

8 in., sandstone fragments, medium-
light-gray, very fine- to fine-grained,
noncalcareous; some slickensided or
calcite-coated surfaces.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
10 ft 4 in., sandstone, as above; grades 34 | 2,567-2, 573 | Recovered 6 ft: Microfossils absent.

to very fine-grained, very silty at 2 ft, sandstone, as at base of core 33.
base; massive, with breaks dipping 9 in., clay ironstone, medium-brownish-
20° to 30°. Secattered fragments and gray, nonsilty, very slightly cal-
streaks of clay shale are present at careous; conchoidal fracture.

7, 4, 2, and 1 ft above the base of the 3 ft 3 in., sandstone, fine-grained; grades
core. Laminae of clay shale that to very fine grained and from light
dip 45° are present 2 ft above the to medium light gray with depth.
base of the core. Slickensides are A Y%-in. layer of medium-dark-gray
4 ft above the base of the core. claystone pebbles is present at top of

----| 2,368-2,375 | Clay shale, with a small amount of silt- section, and very fine argillaceous
stone, laminae are present in upper part of

----| 2,875-2, 385 | Siltstone, medium-gray, very micaceous; sandstone. Carbonaceous streaks are
minor amounts of clay shale and sand- present throughout. Bedslie approxi-
stone. mately flat.

----| 2,385-2,480 | Clay shale, medium-dark-gray, slightly | __._| 2, 573-2, 585 | Sandstone, very fine-grained, very silty, as
to very silty in part; a small amount of in core above; minor amount clay shale
siltstone at 2,385-2,405 ft, traces of in lower part.
siltstone at 2,415-2,430 and 2,440-2,460 35 | 2, 585-2, 605 | Recovered 20 ft: Microfossils absent.
ft, traces of sandstone at 2,415-2,425 11 ft 9 in., sandstone, medium-light-
and 2,450-2,460 ft gray, very fine-grained, silty, argil-

—---| 2,480-2, 490 | Siltstone, medium-gray, very micaceous; a laceous, very slightly micaceous, very
small amount of clay shale. slightly calcareous, massive. A layer

—e--| 2,490-2, 500 | Clay shale; grades to siltstone. of rounded gray chert pebbles % to %

-==-] 2,500-2, 510 | Sandstone, fine-grained, noncalcareous, ar- in. in diameter is at 2,588 ft: rare
gillaceous, silty. patches of flat pebbles of medium-

31 | 2,510-2, 530 | Recovered 19 ft: Microfossils absent. dark-gray clay shale are in the lower
Sandstone, medium-light-gray, very fine- half of the sandstone. Arctic Con-
to fine-grained, noncalcareous, mas- tractors’” well geologist noted that
sive, uniform; becoming slightly finer the core bled oil at 2,583-2, 589,
grained with depth. Faint carbon- 2, 593-2, 5941% and 2,595%-2,596% ft.
aceous laminae between 3,514-3,515 A light-yellow cut and yellow residue
ft; beds lie approximately flat. Slick- were recorded in CCla at 2,589 and
ensides are in the sandstone at 2,521 2,596 ft. There is no perceptible
ft. At 2,511 and 2,521 ft effective difference in the sandstone cores
porosity 9.50 and 0.25 percent, re- between the intervals which bled oil
spectively; rock is impermeable. and those which did not. Samples
32 | 2,530-2, 547 | Recovered 17 ft: Microfossils absent. from 2,589 and 2,596 ft were im-
Sandstone, as above; slightly darker permeable, with effective porosities
and finer grained with depth; grades of 9.31 and 10.50 percent, respectively.
to medium-gray, very fine-grained, and 6 in., claystone, medium-dark-gray,
silty at base. At 2,532 and 2,541 ft slightly silty; lenses of medium-gray
effective porosity 4.73 and 4.96 per- siltstone.
cent, respectively; rock is imper- 5 in., sandstone, as above.
meable. 3 in., claystone, as above.
33 | 2, 547-2, 567 | Recovered 20 ft: Microfossils absent. 3 ft 2 in., sandstone, as above; bled oil
5 £t 10 in., sandstone, as at base of core from basal 3 in.
32. Effective porosity at 2,552 ft 3 ft 11 in., claystone, medium-dark-gray,
2.13 percent; rock is impermeable. silty in part, irregular to poor shaly
2 ft 2 in., claystone, medium-dark-gray; cleavage.
scattered thin beds and laminae of | ._..| 2,605-2, 615 | Clay shale, with a trace of siltstone and
medium-gray siltstone and very fine- white bentonite.
grained medium-light-gray sandstone, | -.._| 2, 615-2, 625 | Siltstone, medium-gray, slightly micaceous,
which increase in thickness with depth. very slightly caleareous; a minor amount
12 ft, sandstone, as in core 31; effective of clay shale.
porosity at 2,562 ft 1.64 percent; | -...| 2, 625-2,635 | Clay shale; grades to siltstone, with a

rock is impermeable.

minor amount of sandstone.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
----| 2,635-2, 641 | Sandstone, as in core 36; a trace of siltstone which are the result of variations in
and clay shale. quantity of carbonaceous and argil-
36 | 2,641-2, 661 | Recovered 20 ft: Microfossils very abun- laceous matter. The laminae dip 30°
dant. at the top of the section, but curve
8 in., sandstone, as in core 35. gradually so that at the base, where
9 in., claystone, as at the base of core 35; they terminate abruptly against the
abundant laminae of coaly material underlying siltstone, they are nearly
in bottom 2 in. vertical (85°-90°) at one side of the
18 ft 7 in., sandstone, medium-light- core, and about 70° at the opposite
gray, fine-grained, silty, argillaceous, side. At the top of the sandstone is
very slightly caleareous in part, mas- a section of claystone, % in. thick on
sive. Itis composed of angular grains one side, and wedging out on the other,
of clear and white quartz, and dark which fills the interval of rock between
rock fragments. Most grains are the flat-lying laminated sandstone
frosted. Abundant intercalations of above and the 30° dip of the sand-
carbonized plant fragments are present stone below.
at 2,645 ft and carbonaceous laminae 10 in., siltstone, medium-gray, very
at 2,653 ft. Carbonaceous and argil- argillaceous, noncalcareous. Streaks
laceous laminae are common between of sandstone at the top show swirly
2,658-2,660 ft; they dip 5° or less. bedding. Slickensides are near the
Patches of sandy clay ironstone are top and bottom of the section; most
rare throughout. Sandstone at 2,646 are steeply dipping. The contact at
ft had a very pale-yellow cut and the top of the section is sharp and
light-yellow residue in CCly; sand- dips approximately 50° in the oppo-
stone at 2,656 ft had a light-yellow site direction from the steeply dipping
cut and yellow residue. laminae of the overlying sandstone.
2 ft 2 in., sandstone, very fine- to fine-
Effective Air permeability grained, very silty and argillaceous;
Depth (feet) ez (millidarcys) with carbonaceous streaks in the
lower part that dip 30° to 60°. The
12,00 | 4.5 sandstone is calcareous in the lower
12.48 | 16.0. 1 ft.
14.60 | 11.5. % in., claystone, medium-dark-gray,
12.40 | 8.0. slightly silty; slickensides parallel
ool the bedding; sharp but irregular
9.62 | 0. contacts are present at top and
7.17 | Too friable. bottom.
8.17. 0. 1 ft 2 in., sandstone, medium-light-gray,
7.20 | oo frigble. very fine- to fine-grained, salt and
pepper, argillaceous, silty, slightly
37 | 2,661-2,681 | Recovered 14 ft: Microfossiis very rare.

4 ft, sandstone, as at base of core 36,
but with scatterea coaly laminae which
become common to abundant and
grade from flat to finely undulating
with depth. They dip 20° at the
top, but the dip decreases with depth
to flat at the base of the sandstone.
A few clay ironstone nodules are in
laminae in the lower 1 ft. Sandstone
at 2,662 ft had a yellow cut and
brownish-yellow residue in CCl; the
well geologist reported that the core
bled oil from 2,661 to 2,664 ft. At
2,662 ft effective prorosity 12.50 per-
cent, air permeabitity <1 millidarey.
At 2,663 ft they are 12.75 percent
and 2.8 millidarcys, respectively.

1 ft 3 in., sandstone, very fine-grained,
with very fine even dark laminae

calcareous; streaks of very fine sand-
stone in the upper part.

1 ft 9 in., sandstone, as above; but with
coarse carbonaceous particles im-
parting an appearance of swirly bed-
ding. Streaks (1 to 2 in. wide) of
siltstone, and a 1- by 3-in. fragment
of clay shale are in the central part of
the sandstone, which grades to argil-
laceous siltstone and silty shale in
in the bottom 2 in.

2 in., siltstone, medium-gray, sharply

interlaminated with medium-dark-
gray clay shale. Dip 7°.

1 ft 9 in., claystone, medium-dark-gray,

silty; streaks of argillaceous siltstone.
Steeply dipping slickensides present
in claystone. Contact with under-
lying sandstone is sharp and resembles
a ripple mark.
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Core{ Depth (feet) Remarks Core| Depth (feet) Remarks

10 in., sandstone, medium-light-gray, slightly calcareous; fine grained at top,
very fine- to fine-grained, slightly very fine grained in lower part.
calcareous; patches and small streaks | -.__| 2, 810-2, 820 | Sandstone, very fine-grained; and eciay
of carbonaceous material and clay shale.
shale. A %-in. bed of abundant eclay | ..__| 2, 820-2, 830 | Sandstone, very fine- to fine-grained; a
intercalations 2 in. below the top of small amount clay shale.
the sandstone contains abundant 40 | 2,830-2, 850 | Recovered 17 ft 6 in.: Microfossils absent.
Inoceramus shell fragments and one 7 £t 6 in., claystone, medium-dark-gray,

) white quartz pebble ¥ in. in diameter. slightly silty in part; poor shaly
38 | 2,681-2, 701 |.Recovered 15 ft 6 in.: Microfossils rare. cleavage to subconchoidal fracture.

4 in., sandstone, medium-light-gray, A 4-in. bed of light-gray fine-grained
very fine-grained, argillaceous and sandstone 3 ft below the top is very
silty; very faint argillaceous silty calcareous and contains Ditrupa sp.
laminae. Beds lie flat. shell fragments at the top. A bed of

1 ft 8 in., clay shale, medium-dark-gray, medium-light-gray very fine-grained
noncalcareous; small lenses (1 to 2 in. calcareous sandstone 7 in. thick, with
thick) and laminae of medium-gray faint flat-lying laminae, is 4% ft below
siltstone with sharp contacts resem- the top. Claystone contains rare
bling ripple marks. Beds lie flat. siltstone lenticles.

1 ft 8 in., siltstone, medium-gray, very 2 ft 6 in., sandstone, medium-light-gray,
argillaceous, calcareous, faintly lam- very silty and argillaceous, calcareous;
inated; rare very thin (% in. thick) faint carbonaceous argillaceous la-
beds of clay shale near the base. inae in lower part dip 5° or less.

4 ft, clay shale, as above. Fragments of medium-dark-gray clay

7 in., sandstone, as above; grades to shale are abundant in ¥%-in. and 1-in.
medium-gray sandy siltstone at base. beds in the lower half of the sandstone.

3 ft, claystone, medium-dark-gray, non- 7 ft 3 in., claystone, as above; a 10-in.
calecareous; irregular fracture. bed of very fine-grained sandstone

3 ft, clay shale, as above; but with as above which has a %-in. bed of
slightly thicker siltstone lenses. claystone in the center and a Y-in.

1 ft 1 in., sandstone, as above; but very bed at base.
silty in upper 2 in. Laminae dip 3°. 3 in., claystone, as above.

2 in., clay shale, as above. ----| 2,850-2, 880 | Sandstone, medium-light-gray, very fine-

----| 2,701-2, 710 | Sandstone, as in core above; with clay grained, silty, argillaceous, slightly cal-
shale. careous; a small amount of clay shale
39 | 2,710-2, 730 10 ft: Microfossils absent. in the lower part.

’ ’ Rescgzggigne? If;f o dli\l/fiflf;r:,sysillir ;l;s ﬁ:; e to | —--- 2, 880-2, 900 | Clay shale, med?um-dark—gray, very silty;
fine-grained, silty, argillaceous, slight- g}'ades to me'dmm-gr ay very argillaceous
ly micaceous, slightly calcareous in :::’jg:é;e with a minor amount of

art, massive. 1-f d 3 ft a :
fh: ’bases?svieryA silt; :‘;d has a?r (gﬁ ———_| 2,900-2,980 | Clay shale, very silty in part; a minor
laceous carbonaceous laminae at top amount of s1ltsto'ne at the base and top,
and bottom. Sandstone is composed and some bentonite ez,t 2,900-2,910 ft.
of angular to subangular commonly | ===~ 2, 980-3, 000 | Clay shale; grac.ies to sﬂt.stone.
frosted grains of clear and white | ~=-- 3, 000-3, 010 Cla:ndi;l;:::aé with a minor amount of

. S .

g'l;zr;xzént: lthA Zzﬁ;eize%roglar; 721(‘)0(}% ---_| 3,010-8, 028 | Sandstone, very fine-grained, silty, argilla-
had no cut and only a faint greasy Zf:;ss’hna;): :iliize::;; @ small amount of
stain as residue in CCli. At 2,720 6 41 | 3,028-3, 048 | Recovered 14 ft: Microfossils rare.

2, 730-2, 760

2, 760-2, 770

2, 770-2, 780
2, 780-2, 810

effective porosity 7.05 percent; rock
is impermeable.
Sandstone, medium-light-gray,
laceous, noncalcareous.
Clay shale, with trace of siltstone. Top
Topagoruk formation at 2,760 ft.
Siltstone, with some clay shale.
Clay shale, with good shaly cleavage, and

argil-

some sandstone, salt and pepper, silty,

2 ft 6 in., sandstone, medium-light-gray,
very fine- to fine-grained, argillaceous,
silty, very slightly calcareous in part;
scattered small streaks of medium-
dark-gray clay.

6in., siltstone, medium-gray, very sandy,
very finely laminated; with a %-in. bed
of clay shale in the upper part.
Grades into unit below.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
1 ft, sandstone, as above; but with more argillaceous, slightly calca.reo-us; a min?r
numerous streaks (up 1’30 3 in. long) of amount of p ale-blue-gre(?n slightly argil-
clay suggesting swirly bedding. A 2-in. laceous and silty }oentom.t ©
bed of clay shale is at the bottom of 43 | 8, 293-3, 313 | Recovered 20 ft: Microfossils common.
the sandstone 2 ft 2 in., siltstone, medium-gray, very
10 ft., sandstone, medium-light-gray, gandy, sl{ghtly calcareous; a,bund{a,nt
very fine-grained, very argillaceous intercalations of claystone totaling
and silty, noncalcareous; some fine- a,bou.’c onc?-fourth of the rock. .
grained sandstone; a few thin (1 to 2 1ft 11‘ in., siltstone, as above; but faintly
in.) beds with faint rarely crossbedded Iaml'natefi and lacking clay.
laminae. Thin beds (34 to 2 in. thick), 1162 ., sﬂ.t stone, as at FOP o.f gore.
streaks, and intercalations of clay 2 ft. 8 in., siltstone, medmm—hght-gr.ay,
ghale are throughout and increase slightly ca{careousgcarb'onaceous mica~
gradually in size and abundance with c;aous la,n:m:l? Whlih give good shaly
depth. Small rounded bodies of sand- gleavage 10 L1e rocx. .
stone (24 to 1 in. across, and 3 to % in. 7 ﬁz 1 in., siltstone, with clay intercala-
thick), with the same composition as 6 t.l ons als at t];:;; op of ?e cm('le. K
the rest of the sandstone, are outlined n., cay 8uale, mecum-Cark-gray,
by slightly darker and slightly more shgh’f‘ly m}ty; poor sha,%y cleavage.
argillaceous matriz, They are in 1ft5in, sﬂtstom?, medium-gray, very
groups or singly through the sand- sand).' and argillaceous, calcareous,
stone, with their long axes parallel the TNAssIve.
bedding. ) 3ft1in,, s-lltstone, as at top of core.
----| 8,048-3,080 | Clay shale, medium-dark-gray; becomes | ~—~~~ 3, 313-3, 320 Sﬂtstone,t v?th glat:z shale, and a small
very silty with depth. 320-3. 330 Namounl o1 sandstone.
----| 8,080-3,092 | Sandstone, very fine-grained, argillaceous | -~~~ 8, ’ O sample. . .
and silty, slightly caleareous in part. ----] 3,330-3, 350 | Clay shale; grades to sﬂtstope, with a very
42 | 3,002-3, 112 | Recovered 20 ft: Microfossils absent. small amount of fine-grained sandstone
Sandstone, medium-light-gray, very fine- 3 S 8 dste ase. dium-light 5
grained, very argillaceous and silty, | ~—==~ 8, 350-3, 358 andstone, me 1un}- ghi-gray, ver}; 'ne-
slightly calcareous in part, massive; zgoﬁze;%;ﬁzz;;,c:iz,e:fﬂaceous,amwa-
1y faintly laminated. At 3,109 ft ’ . "
:g;iévsdl;ofo;gm; 460 p ercen;',, and | 44| 3, 358-3,378 Recover(?d 20 ft: Mlcrofossgs:abflent.
rock is impermeable. A 6-in, bed of 2112 m.,.sa,ndstc_me, medium-light-gray,
interbedded medium-dark-gray clay ﬁne-gra,m.zed; slightly calcareous at the
shale and sandstone, with individuai top grading to very calcarc?ous at the
beds % to % in. thick, is at 3,097 ft; base. Scattered intercalations of car-
6 in. below this is ;J 5-in ’be a 0% bonaceous and argillaceous § material
. . . °
medium - dark - gray noncaleareous 4 .sugg;e st a{;dxp of 5di or ltziss.k
slightly silty and micaceous claystone. in., claystone, medium-cark-gray, non-
A 4.ip. bed of sandstone 1 ft above the §11ty » very slightly caleareous in part;
base of the core containg a few thin 1 tl.:rgg.ular {ractéure. di
intercalations of clay shale. Ditrupa v 0 0., claystone, medium-gray, non-
#p. fragments are common throughout silty, noncalcareous; conchoidal frac-
the core; pelecypod shells are also ture.. .
present, and a small fragment of an 2 ft.l in., claystone, mgdlum-(i:ark-gray,
ammonite was found at 3,095 ft. shgh't ly caleareous, Shg}fltly s‘llty.
----| 3,112-3, 120 | Siltstone, very sandy; similar to sandstone 12113 m.,.sa.ndstone, medium-light-gray,
above; some clay shale. ﬁne.-gra,med; grades} to very fine-
—---| 3,120-3, 160 | Sandstone, very fine-grained, slightly cal- gllza'lﬁﬁd at Ibase, Sﬂt)t” arillllaceous,
careous; a small amount of clay shale. sligh tli’r mf:azzzzzuinas;vec ;:;Z?;:i’
—---| 8,160-3, 210 | Sandstone, as above; but with more clay shile pebbles 1 in.,in diamei;er arein &
shale, which increases to 50 percent with 2-in. bed at 3,362 ft with a few small
depth. ) (<1 in.) intercalations and pebbles of
—---{ 3,210-3,280 | Clay shale, medium-dark-gray, slightly clay shale at 3,369-3,370 ft. At 3,368
silty; a minor amount of medium-light- ft effective porosity 3.23 percent, and
gray slightly sandy very slightly cal- carbonate content 22.35 percent by
careous siltstone at the top. weight; at 3,373 ft they are 4.00 and
----| 3,280-3, 293 | Clay shale and sandstone, medium-light- 28.5, respectively. Both samples are

gray, very fine-grained, very silty and

impermeable.
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Core

Depth (feet)

Remarks

Core Depth (feet)

Remarks

45

46

3, 378-3, 400

3, 400-3, 410

3, 410-3, 470

3, 470-3, 490

3, 400-3, 494
3, 494-3, 514

3, 514-3, 532

3, 532-3, 540

3, 540-3, 550

3, 5503, 560

1 ft 8 in,, siltstone, medium-dark-gray,
very sandy and argillaceous, very
slightly calcareous; abundant carbo-
naceous and biotite particles.

Clay shale, medium-dark-gray, silty; and
medium-gray siltstone; grades to me-
dium-light-gray very fine-grained
slightly calcareous to calcareous sand-
stone.

Clay shale, with some siltstone.

Clay shale, medium-dark-gray, slightly
gilly in part; slightly calcareous at
3,450~3,460 ft.

Clay shale with minor amounts of medium-
gray very argillaceous siltstone, and a
trace of sandstone.

No sample.

Recovered 17 ft 6 in.: Microfossils very

rare.

2 ft 7 in., sandstone, medium-light-gray,
very fine-grained, silty, argillaceous,
calcareous. Groups of rounded clay
shale pebbles are present 1 ft and 2 ft
below the top of the core. Pebbles
range from small flakes to 2 in. in
diameter.

3 ft 3 in., claystone, medium-dark-gray,
silty, very slightly calcareous; irregu-
lar fracture. Rare thin (%4 to 1 in.)
crossbedded beds of siltstone.

8 in., siltstone, medium-light-gray,
slightly caleareous; faint laminae give
fair shaly cleavage; grades to very
fine-grained very silty and argillaceous
sandstone at base.

2 ft 3 in., claystone, as above, very silty.

8 ft 9 in., sandstone, very fine-grained,
argillaceous, silty, calcareous, massive,
uniform. Nearly vertical (88° or 89°)
fractures, with patches of aragonite
coating, split the sandstone core longi-
tudinally for most of its length. At
3,509 ft effective porosity 5.5 percent,
rock is impermeable, carbonate con-
tent 27.4 percent by weight.

Recovered 8 ft: Microfossils absent.

6 ft 4 in., sandstone, medium-light-gray,
very fine-grained, silty, argillaceous,
slightly caleareous, massive. At 3,520
ft effective porosity 6.89 percent, the
carbonate content 16.12 percent by
weight, and rock is impermeable.

1 ft 8 in., claystone, medium-gray, very
silty, calcareous. f

Clay shale, medium-dark-gray, noncal-

careous; a small amount of sandstone.

Sandstone, medium-light-gray, very fine-
grained, calcareous; a very small amount
of clay shale,

Clay shale and sandstone.

3, 560-3, 570
3, 570-3, 580

3, 580-3, 680

3, 680-3, 740

47 | 3, 740-3, 760

Sandstone, with some clay shale, and a
trace of pale-yellowish-white bentonite.

Clay shale, with a small amount of sand-
stone, and a minor amount of siltstone.

Clay shale, medium-dark-gray, slightly
gilty in part; common streaks of me-
dium to medium-dark-gray very argil-
laceous slightly calcareous to calcareous
giltstone.

Clay shale, medium-dark-gray, very
slightly silty, noncalcareous; rare thin
streaks of very argillaceous siltstone.

Recovered 12 ft 6 in.: Microfossils com-

mon.

Claystone, medium-dark-gray, very
slightly micaceous and silty, noncal-
careous; irregular cleavage. Claystone
between 3,742-3,747 ft badly broken
and infiltrated with drilling mud;
many of the fragments have slicken-
sided surfaces. A flat-lying silt lam-
ina one-quarter inch thick is at 3,755
ft. Pelecypod shell impressions scat-
tered throughout include specimens
identified by Ralph W. Imlay as
Thracia cf. T, kissoumi McLearn and
Inoceramus sp. juv. cf. I. anglicus
Woods.

CORE ANALYSES

Samples from cores taken from Wolf Creek test well 3
were tested for porosity and permeability by methods
described on page 441, and a few of the samples were
analyzed for carbonate content. Results of these_tests
are given in the following table.

Analyses of core samples from Wolf Creek test well 3

Effective Alir permeability
Depth (feet) porosity (millidarcys)
(percent)
1,633 e 10. 62 | Too friable.
1,543 e 12. 62 | Too friable.
1,653 oo 18. 88 | 305.
1,563, e 11.05 | .
1,570 16. 44 | Too friable.
1,649 . 13. 06 | Too friable.
1,654 e 13. 89 | 8.5.
L9 . 6. 77 | <L
1,804 .- 14,22 | 18
1,898 e 12. 10 | 11. 5.
1,904 o 13. 61 | 32
1,914 - 12. 10 | 25.
1,917 . 7.36 | 0.
1,920, ¢ oo 7.84 | <L
1,920, .. 10. 01 | Too friable.
1,928 e 833 | <L
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Analyses of core samples from Wolf Creek test well 3—Con.

Effective Air permeability
Depth (feet) porosity (millidarcys)

(percent)

1,940 .. 13. 45 | 24.

1,978 ... 2771 0.

1,985 .. 11.76 | 3.8.

1,922 . 828 | 0.

2,000 _____ 5.27 | 0.

2,007 . 498 | 0.

2,016 . 2.521|0.

2021 3.37 | 0.

2,042, . 444 1 0

2,050 . .. 10.60 | <L

2,062 .. 11. 97 | Too friable.

2,120 .. 5.75 | 0.

2,129 .. 3.48 | 0.

2,187 11. 50 | <L

2,139 . 3.43 | 0.

2,148 . 3.61 0.

2,157 e 3.05 | <1

2241 .. 9. 66 | Too friable.

2252 o __. 7.90 | 0.

2261 .. 6.69 | O.

2270 . .. 5.55 | 0.

2,338 523 | 0.

2,348 .. 5371 0.

2,511 ... 9.50 | 0.

2,621 . .25 | 0.

2,632 .. 473 0.

R 496 | 0.

2,652 .. 2.13 | 0.

2,562 o ____ 1.64 | 0.

2,589 . 9.31 0.

2,596, . .. 10. 50 | 0.

2,644 _ . 12. 00 | 4.5.

2,646 .. 12, 48 | 16.

2646 _____ 14.00 | 11.5

2,648 .. 12.40 | 8

2650 . .. 867 ] 0.

2,650 10.96 | <L

2,654 o ___ 9.62 | 0.

2,656 o _____ 7. 17 | Too friable.

2,656 ... 817 | 0.

2,658 . 7.20 | Too friable.

2,662 ___ L ___ 12. 50 | <1.

2,663 - o ____. 12.75 | 2. 8.

2,720 .. 7.05 | O.

3109 .. 2.40 | 0.

3,368 ___ __ .. 3,23 | O.

3,873 ... 4.00 1| 0.

3,609 ______ . ___ 5.50 | 0.

3,620 _____ 6.89 | 0.

1 The content of carbonate minerals, percent by weight, is 22.35 at 3,368 ft, 28.50 at
3,373 ft, 27.40 at 3,509 ft, and 16.12 at 3,520 ft.

HEAVY-MINERAL ANALYSIS

Preparation of samples is the same as in Square Lake
test well 1. Robert H. Morris has determined that the
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zoned-zircon zone is represented in Wolf Creek test
well 3 by samples from 1,940 to 3,520 feet. He reported
that several samples from 1,540 to 1,940 feet have the
general characteristics of the zoned-zircon zone but do
not contain zoned zircons, so the uppermost limit of
the zone is questionable. (See fig. 87.)
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FiGURE 37.—Relative abundance of heavy minerals in Wolf Creek

test well 3.
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OIL AND GAS
OIL AND GAS SHOWS

Only minor shows of oil, and a small amount of gas,
were found in Wolf Creek test well 8. Tests made for
oil stain in CCl, are in given in the following table;
gas production is given in the paragraph on formation
tests.

Core samples from Wolf Creek test well 3 tested for oil stain
with carbon tetrachloride

Depth Cut Residue

(feet)

1,533 | None.o oo None.

1,543 |- do- . Do.

1,553 |- A0 Yellowish greasy stain.
1,563 [-____ do_ . None.

1,570 (_.-_. O e Yellowish greasy stain.
1, 649 | Extremely pale__..___ Faint greasy stain.
1,719 |_____ doo . _____ Very pale yellow.
1,889 | Verypale. . ________ Pale yellow.

1,898 | None._______________ Faint greasy stain.
1,904 [ ____ ¢ 1o T Do.

1,914 |_____ Ao e None.

1,978 (... Ao o Very faint greasy stain.
2,000 [..___ [+ 0o T None.

2,015 |_____ doo Do.

2,042 |_____ do_ .. Very pale yellow stain.
2,062 |_____ [+ 1 T Pale yellow stain.
2,120 |_____ [ o None.

2,137 ... A0 e Do.

2,148 |____. A0 Faint greasy stain.
2,157 |_____ do_ . Do.

2,241 | ___. o 1o Do.

2,262 |_____ doo oo Very faint greasy stain.
2,261 |_____ o 1o T Do.

2,270 |_.__ Ao Faint greasy stain.
2,338 | Straw colored_ . ______ Yellow.

2, 348 | Very pale straw colored._ Do.

2,511 | None___ . __________ None.

2,521 |_____ do oo Greasy stain.

2,532 |.____ o 1o T Do.

2,641 |_____ doe o None.

2,552 .__.. A0 e Pale yellow stain.
2,562 |____. do- o Very faint greasy stain.
2,589 | Light yellow._.__._____ Yellow.

2,596 |____. do oo Do.

2, 646 | Straw colored._______ Pale yellow.

2,656 | Light yellow_____.__.__ Yellow.

2,662 | Yellow. . __.___ Brownish.

2,720 | None_._._________.__ Faint greasy stain.

FORMATION TESTS

Twelve formation tests using the Johnston forma-
tion tester were made in Wolf Creek test well 3. The
first 3 tests and the sixth test recovered some gas, and
the last 2 tests had a very little free oil on top of the
oil-emulsion drilling mud ; the other 6 tests recovered
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only drilling mud. In each case the hole was open from
the packer to the current total depth. A description
of the tests follows:

Test1, 1,28.6-154b feet—A T1-inch packer was set
at 1,528.5 feet with 16.5 feet of tailpipe, including 5
feet of perforated pipe, and a 8g-inch bean. The tool
was open 150 minutes and a moderate blow of gas was
noted at the surface before the tool was closed for 70
minutes; the flow pressure was zero, and closed-in pres-
sure built up to 450 psi. Seventy feet of drilling mud
was recovered, the salinity of which (440 parts per mil-
lion) was affected by quebracho. The flow of gas was
measured by a 2-inch critical flow prover as follows:
3-in. orifice, 169,700 cu ft per day at 37.5 psi and 38.5° F.
14-in. orifice, 174,000 cu ft per day.
14-in. orifice, 161,200 cu ft per day at 13 psi and 40° F.

The tests were run in the order listed above. The ap-
parent flow, which decreased with time, may be due to
the depletion of sand area adjacent to the hole.

Test 2, 1548.5-1,565 feet—A Tlh-inch packer was
set at 1,548.5 feet with 16.5 feet of tailpipe, including
5 feet of perforated pipe, and a % g-inch bean. The tool
was open 273 minutes and closed for 10 minutes. The
flow pressure was zero, and the closed-in pressure built
up to 500 psi. Ten feet of drilling mud was recovered,
and the gas flow was measured by a critical flow prover.
The gas flow rates were:
84-in, orifice, 394,800 cu ft per day at 107 psi and 44° F.
14-in. orifice, 406,000 cu ft per day at 55 psi and 44° F.

34 -in. orifice, 444,600 cu ft per day at 20 psi and 44° F.,

Test 3, 1,647-1,670 feet—A TY-inch packer was set
at 1,647 feet with 20.5 feet of tailpipe, 9 feet of which
were perforated, and a %g¢-inch bean. The tool was
open 242 minutes, and a slight blow increased to a light
blow after 1 hour. The packer pulled loose during an
attempt to record the closed-in pressure. Estimated
bottom hole pressure was 875 psi. Seventy feet of
drilling mud was recovered; its salinity of 400 parts
per million chlorides was affected by quebracho. A
critical flow prover measured the following flow of gas:

14-in, orifice, 74,100 cu £t per day at 188 psi and 36° F.
14-in. orifice, 87,300 cu ft per day at 44 psi and 43° F.

Test 4, 1,878-1915 feet.—A T%-inch packer was set
at 1,878 feet with 37 feet of tailpipe, including 18 feet
of perforated pipe. A 8{g-inch bean was open 183
minutes and closed for 16 minutes. A very slight blow
of gas came to the surface. The bottom-hole pressure
did not reach equilibrium in 16 minutes, and the maxi-
mum recorded pressure was 400 psi. The large amount
of fluid recovered, 230 feet of gas-cut mud, may have
been the result of spudding the packer to shear the pin.
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Test 5, 1,978-2,017 feet—A TY,-inch packer was set
at 1,878 feet with 87 feet of tailpipe, including 18 feet
of perforated pipe. A %g-inch bean was open 131
minutes and closed for 38 minutes. No gas came to the
surface, and both the flowing and the closed-in bot-
tom-hole pressure were zero. Fifty feet of mud was
recovered.

Test 6, 2,038-2,076 feet—A T1-inch packer at 2,038
feet had 38 feet of tailpipe, including 18 feet of perfo-
rated pipe, below it. A 8 ¢-inch bean was open 288 min-
utes and closed for 28 minutes. A weak blow increased
to moderate in 3 hours. Recovered 176 feet of water-
cut mud with salinity of 3,135 ppm sodium chloride.
Salinity of drilling mud was 500 ppm. Flowing pres-
sure was zero, and the closed-in pressure was 850 psi.
The critical flow prover measured the flow of gas as
follows:

14-in. orifice, 120,000 cu ft per day at 815 psi and 37° F.
14-in. orifice, 257,700 cu ft per day at 158 psi and 40° F.
84-in, orifice, 284,500 cu ft per day at 78 psi and 40° F.

Test 7, 2.2/3-2,282 feet.—A. T14-inch packer was set
at 2,243.8 feet with 38.2 feet of tailpipe, including 18
feet of perforated pipe. The 8¢-inch bean was open
150 minutes and was not closed. No gas came to the
surface, and the flowing pressure was zero. Fourteen
feet of mud was recovered with 500 ppm salinity.

Test 8, 2,612-2,647 feet.—A T14-inch packer was set
at 2,512 feet; 34.9 feet of tailpipe below the packer in-
cluded 22 feet of perforated pipe. The 5 ¢-inch bean
was open 158 minutes and was not closed. No gas came
to the surface, the flowing pressure was zero, and only
6 feet of mud with 500 ppm salinity was recovered.

Test 9, 25687.6-2,605 feet—A T1j-inch packer at
2,587.5 feet had 17.5 feet of tailpipe, including 8 feet
of perforated pipe below it. A 8¢-inch bean was open
270 minutes and not closed. No gas came to the surface;
the flowing pressure was zero, and 10 feet of mud was
recovered.

Test 10, 2,643.6-2,661 feet—A. T1/-inch packer was
set at 2,643.5 feet with 17.5 feet of tailpipe, including
8 feet of perforated pipe, below it; a 5¢-inch bean was
used. The tool was open 210 minutes, and a very
weak blow increased slightly during that time. Flow-
ing pressure was zero; after being closed in for 30 min-
utes the pressure increased to 450 psi but did not reach
equilibrium. Nine hundred feet of mud entered the
tool when the retaining valve became plugged.
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Test 11, 2,647.4—2,681 feet—A Tl-inch packer was
set at 2,647.4 feet with 83.6 feet of tailpipe, including
21.2 feet of perforated pipe and a 8j¢-inch bean. The
tool was open 193 minutes, and closed for 62 minutes;
flowing pressure and closed-in pressure were zero. A
very slight blow was recorded during the test, and 70
feet of mud was recovered with 2 quarts of free oil float-
ing on top. The API gravity of the free oil was de-
termined at the well site to be 34.5°. The crude oil from
Umiat used in the mud emulsion had a gravity of 32.6°.

Test 12, 26442681 feet.—A Tl-inch packer was set
at 2,644 feet with 87 feet of tailpipe, including 24 feet
of perforated pipe, below it. The tool was open 360
minutes, and a very slight blow of gas was noted. Flow-
ing pressure and closed-in pressure were zero; 90 feet
of oil-cut mud was recovered with 2 gallons of free oil
floating on top.

OIL AND GAS ANALYSES

Four samples of gas and one sample of oil from the
formation tests were submitted for analysis to the U. S.
Bureau of Mines at Bartlesville, Okla. The gas was
89.1 to 99.4 percent methane, with a very small amount
of nitrogen and propane; other constituents made up
less than 1 percent of the gas. The oil was brownish
green and had an API gravity of 34.0° and a Saybolt
Universal viscosity of 42 seconds at 110°F. Results of
the gas analyses from Wolf Creek test well 3 are given
in the following table.

Analyses of gas from Wolf Creek test well 3
[Analyses by the U. 8. Bureau of Mines]

Test 1, Test 2, Test 3, Test 6,

Constituent 1,528-1,545 | 1,648-1,565 | 1,647-1,670 | 2,038-2,076
feet feet feet feet

(percent) | (percent) | (percent) | (percent)
Methane_______________ 98. 6 99, 4 96. 1 97.0
Ethane . ... __..______ .1 .1 .2 .3
Propane__ ... .7 .3 .9 .7
Normal butane. ____.____ Trace .0 .0 .1
Normal pentane________ .0 .0 .0 .1
Hexanes plus___._______ .0 .0 .0 .1
Nitrogen_ . .. .5 .2 2.8 1.6
Oxygen_ . _______.._.__ Trace | Trace | Trace Trace
Argon_ ________________ .0 Trace | Trace Trace

Btuper cu ft 1____|1,019 [1,016 |1, 000 1,019

1 Calculated gross Btu per cu ft, dry, at 60°F and 30 in. of mercury.

The following table gives an analysis of an oil sample
from Wolf Creek test well 3.
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Analysis of an oil sample from formation test 12 from Wolf Creek test well 3 at 2,644—2,681 feet

|General characteristics of sample: Sp gr, 0.865; sulfur, 0.15 percent; Saybglt qu;ersal vjiscoslty at 100°F, 42 sec; gravity, 34.0°API; pour point, below 5°F; color,
rownish green,

Distillation by Bureau of Mines routine method

Cut at— Gravity Aniline Saybolt
Fraction Percent | Sum (per- Specific °API at Correlation point Universal | Cloud test
cent, gravity ! 60°F dex ¢C) viscosit; ©F)
°0 °F at 100°
Stage 1.—Distillation at atmospheric pressure, 759 mm Hg. First drop, 133°C (271°F)
) I 50 122 | e e e ||
2 e 75 167 [c oo || o e
2 S 100 212 || e e el
L 125 b1 (R IR [SUUUUPUUN [SUUEPUU USRSV PUOUUUUIURPUNPU) [SORPRUPUP SPUPUOIPIURRPPN SRR
5 S 150 b310 ), 2 P RUNURPRRPRUNN JSNPUSPURU IUOUPUINURPIPDR] PIVRIEPUIPIPN ARPIPRRPUPIPR FUUPRRIPUPRUP USRI
6 e 175 347 6.7 6.7 0. 791 47.4 | 42,6 {o oo fecean
T e e 200 392 9.3 16. 0 . 809 43. 4 34 534 |o e
- SIS 225 437 14. 2 30. 2 . 823 40. 4 35 58 8 |
L S 250 482 14.7 44. 9 . 838 37. 4 37 614 ||
10 o 275 527 12. 6 57.5 . 852 34. 6 39 63. 7 (e
Stage 2.—Distillation continued at 40 mm Hg

) 5 200 392 6.2 63. 7 0. 871 3L 0 44 67.2 42 5
12 e 225 437 7.1 70. 8 . 875 30. 2 42 73.0 49 30
18 250 482 5.6 76. 4 . 879 29.5 40 |- 64 40
14 e 275 527 55 81. 9 . 890 27.5 42 | 100 50
) R IR 300 572 5.0 86. 9 . 898 26. 1 43 oo 195 55

Residuum 2. __ ool 12. 3 99, 2 . 918 22, 6 |oc e emcm e

Approzimate summary
Constituent Percent Specific Gravity °API Saybolt Universal
gravity viscosi

Light gasoline . - - oo oo e | e e e || e meem
Total gasoline and naphtha_ __ _________ . _____ 16. 0 0. 801 45,2 |acoeeeeee
Kerosene distillate. . . oo ee e 14. 2 . 823 40.4 | o
Gas oil. o . e 37.6 . 852 346 [ococceemeaos
Nonviscous lubricating distillate_ _ . _ .. - oo _._. 11. 4 0. 876— . 890 30. 0-27. 5 50-100
Medium lubricating distillate. .. - - oo 5.5 . 890~ . 899 27. 5-25. 9 100-200
Viscous lubricating distillate_ . . ____ 2.2 . 899- . 902 25. 9-25. 4 Above 200
Residuum___ e 12.3 918 22,6 |cmmeco
Distillation 1088 - - o e O < R R S IR PRI

: %peciﬁc gravity at 60°F compared with water at 60°F.

arbon residue (Ramsbottom) of residuum, 1.8 percent (Conradson equivalent, 2.6 percent); carbon residue of crude, 0.2 percent.

LOGISTICS

Personnel and housing.—Three men were employed
at the well in supervisory positions. They were the
drilling foreman, a petroleum engineer, and a geologist.
The other 28 members of the permanent crew included
16 men in the drilling crews (2 drillers, 2 derrickmen,
7 floormen, 2 firemen, 2 heavy-duty-equipment me-
chanics, and 1 crane operator). Also employed were
2 cooks, 2 kitchen helpers, 2 tractor operators, and 1
man who combined the duties of warehouseman, first-
aid expert, and storekeeper. Temporary workers such

as carpenters, laborers, welders, radio repairmen, elec-
tricians, and Schlumberger engineers were sent from
Umiat as they were needed.

Five jamesway huts were used for dormitories, and
three others for a kitchen galley and a combination
store and dormitory. Of the 12 wanigans used, 1 of
each served as boiler room, geological laboratory, ma-
chine shop, Schlumberger room, generator room, utility
room, and lavatory ; others were used for storage rooms
for food, chemicals, and cement.

Vehicles and heavy equipment.—A Caterpillar
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tractor train hauled 1,575 tons of material to the well
site in late May and early June 1952. The drilling
equipment (see p. 444) was brought from Square Lake
test well 1, and other supplies came from Umiat.
Vehicles used in the vicinity of the well were three
weasels, a D8 Caterpillar tractor, a small crane (TD-9
cherrypicker), a swing crane, and an L'VT.

Fuel and lubricant consumption.—The total amount
of gas and oil used was 49,755 gallons of diesel oil,
1,961 gallons of gasoline, 802 gallons of lubricating oil,
580 pounds of thread-lubricating grease, and 243
pounds of other lubricating greases.

DRILLING OPERATIONS
DRILLING NOTES

The derrick was mounted on pilings over a concrete
cellar that was 8 feet square and 4 feet deep. Infor-
mation on drilling operations, presented below, has been
summarized from data compiled by Everette Skarda
and Robert D. Rutledge, petroleum engineers for
Arctic Contractors.

Notes from drilling records
Remarks
Depth (feet)

121 After the hole was reamed to a diameter of 22 in.
and to a depth of 119 ft, an attempt was made to
set the casing. The pipe would not go below 88
ft, so it was pulled and the hole reamed to 121
ft with a 17-in. reamer. Four joints (86 ft) of
16-in. inner-diameter casing was set at 107 ft,
with the 2 middle joints jacketed with 2354-in.
casing and cemented with 100 sacks of Cal-Seal.
The top of the cement was found 10 ft below
the cellar floor, and 25 more sacks were used to
cement around the annulus.

654 - After cleaning out tight spots in the hole with a
reamer, 624 ft of 103%-in. 55-1b N-80 seamless
casing was set at 625 ft and cemented with 210
sacks of High Early cement.

1456______ The drilling mud was changed from water-base to
30 percent oil-emulsion mud.
3,760______ Two cement bridges, the first of 120 sacks of cement

from 1,447 to 1,735 ft, and the second, of 30
sacks, from 554 to 621 ft, were put in the hole.
After a 14-in. steel plate was welded to the casing
collar, with a 4-in, plugged pipe on top that ex-
tended 2 ft above ground, the hole was
abandoned.

DRILL AND CORE BITS

About a fifth of the footage in Wolf Creek test well
3 was cored with Reed conventional core bits; 90.6 per-
cent of the rock cored was recovered. Of the 42 core
bits used, 40 were hard-formation bits, and the other
2 were soft-formation bits. All were 714 inches in di-
ameter, except for two 614-inch hard-formation bits.
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Several types of drill bits were used, including hole-
openers, 3 types of Hughes bits, and 2 Smith bits.
Thirty-seven bits were used in all; of these, 30 were
974 inches in diameter and the others were 121/ to 26
inches in diameter.

The bits used in the hole and the footage to which
each drilled are shown on the graphic log (pl. 30).
Where drill bits were used for reaming through cored
intervals, they are shown as having only drilled. This
was done to avoid confusion from short alternating in-
tervals of drilling and reaming by a single bit.

DRILLING MUD

Wolf Creek test well 8 was drilled to 1,456 feet with
water-base Aquagel mud; at that depth the mud was
changed to 30 percent oil emulsion, which was used to
complete the well. The hole was maintained in good
condition, with little or no caving. The following dis-
cussion of the mud is by Everette Skarda (written
communication, 1952), the petroleum engineer at Wolf
Creek test well 3.

The oil phase was a paraffin-base crude from Umiat test well
5, topped to approximately 325° F. The resulting fraction had
an API gravity of 32.6° and a viscosity of 9 cps (centipoises)
at 60° F. A 30 percent emulsion was used.

The base mud was an Aquagel-water mixture containing ap-
proximately 15 pounds of Aquagel per barrel of water. The
initial make-up mix consisted of 3 pounds per barrel quebracho
(sodium tannate), 0.5 pound per barrel caustic soda, and 30 per-
cent by volume of topped crude oil. Care was used when adding
the sodium tannate to prevent viscosity from becoming too
high due to the oil phase. The 6 to 1 quebracho to caustic
ratio was decreased for the first 100 pounds of quebracho and
increased thereafter to insure sufficient quebracho to prevent
a high viscosity. The crude was added over two complete cir-
culation trips and was very nearly emulsified at the end of the
addition. It was not necessary to add Aquagel after the initial
base had been mixed, the native clay providing for any addi-
tional mixes as the hole progressed. It may be necessary,
however, to add Aquagel in the event the drilling rate is
accelerated.

Drilling rates were slow, allowing a maximum amount of hy-
dration of the highly bentonitic native clays. It was found
that the lower the percentages of oil in the emulsion, the
greater was the hydration. Viscosities rose to 150 Marsh
funnel seconds in one case while drilling through a highly
bentonitic section.

Viscosity control was the major consideration in handling the
oil-base mud. The initial mix had a viscosity of 90 Marsh
funnel seconds, a pH of 11.3, a water loss of 2.0-2.5 cc API,
and a gel strength of 0-8 grams Stormer. These properties were
usually maintained for 2 or 3 days of drilling. By the end of
that time the viscosity would have risen to the 115-130 range.
In most cases sufficient hole had been made to require an
addition to the ecirculating system. Only water, quebracho,
caustie, and oil were added to lower the viscosity to near the
original value.

The following table records the characteristics and
additives of the drilling mud used in the test well.
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Weight
(b per
cu ft)

Viscosity
(Marsh
funnel

seconds)

Water loss
(cc AP)

Temper-
ature
(°F)

P hos-
phate ()

Aquagel
(sacks)

Baroid
(sacks)

uebracho
@ b)

0il
(bl

........

________
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Drilling-mud characteristics and additives, Wolf Creek test well 3—Continued

Weight Viscosity Temper-
" LR kS S el R el il i I
2,680 .. 87 110 2.4 ;1 30 N I, 20 (SR BRI FIR N F,
2,685 - oo e e e ;70 P [RSRIUII NN NN,
2,705 e 87 110 2.5 ;730 ) FRORURSVUON DRSRRURPIUN (RPUUIRRRUN NSRS IR N,
2720 oo e 5 -3 50 |oecceae
2,740 e 87 115 2.4 [+ 3 I 2 (R AR NP
2,810 oo 87 111 2.5 65 |ocoeee e E: 20 (R RSN UPRI DS U
2,830 - - oo e e 10 {omoeeos 60 6
2,850 e 86 95 2.5 60 |ocoom o) & 2 SRR (R RN AN
2,897 e 87 96 2.4 (i3 F .20 (RO S RN U,
2,962 oo 87 115 2.4 (i1 30 RN HNURURRRRR (RORURRURN (RSRURIU NS NPT NI,
3,000 oo e 3 I 30 3
3112 . 90 120 2.6 63 |ocooeoeee G2 [ (R EIOIP M
3,190, oo 89 90 2.5 (11,3 I FU 10 | 60 6
3,210 _ e 1+ T [ EURUI AU NN
3,245 e 89 86 2.6 11 S TR INRRRURRUN (NSRS NP NS OSSN USRI
8,810, e 90 100 2.7 (i 3 S E: 2 (R N R SO
3,358 s 90 100 2.8 ;320 IR FNURRRRRU (RSN (NI NNV FUNIIPN OO
3,372 e e e ;7 U IR AR NN
8,400 e 90 104 2.5 17 30 FNOSRRUUON) FURUURRRN INUSRIUUR SROURRI (USRI PR SR
8470 e 91 110 2.5 (i 3 S £ 2 I IR I SO
3,515 e 91 115 2.6 63 | oo o e e
3,532 e 91 100 2.6 60 |- |oecaees 9 -3 50 |aceeeoo-
8,550 - oo e e ;30 PSRN SRR (IR
3,582, . 91 95 2.6 i 3 S I, ;7% I N RN, NI
8,629 e 92 105 2.6 1130 SR FRSURRUIUON ORIV AR BUI RPN NN,
3,681 o 92 105 2.6 67 | oot ;7 (RN RPN RIS, SIS
8,750 e 93 112 2.6 66 |- coo|oeee ;30 IR KRR ISR R
8,760 e 93 95 2.5 60 125 |ocooooo. -3 (S ;3 .

HOLEB DEVIATION

For the first 1,000 feet, the hole was only 15 minutes
oft vertical ; below that depth it deviated 40 to 55 min-
utes, except at 1,610 feet where the deviation reached
1°. Measurements were made with a Totco recorder.

ELECTRIC LOGGING

Electric logs, made by the Schlumberger Well Sur-
veying Corp., from Wolf Creek test well 3, recorded
spontaneous-potential, long- and short-normal, and
microlog curves between 107 and 3,752 feet. The first
three curves are shown on the graphic log (pl. 30). Se-
lected intervals from the microlog, shown in figure 88,
present curves recorded through beds of sandstone
which appear to be slightly to moderately permeable.

Five electric log runs were recorded at the following

depths:

Run Depth (feet) Run Depth (feet)
i I ——— 107- 654 4. 2, 397-2, 696
. 654-1,623 5o 2, 600-3, 752
: S, 1, 623-2, 466

Run 4 overlaps 69 feet of run 8, and run 5 overlaps
96 feet of run 4. In each case the earlier run is shown
on the graphic log.
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MICROPALEONTOLOGY OF SQUARE LAKE TEST WELL 1 AND THE WOLF CREEK TEST WELLS,
NORTHERN ALASKA

By Haruan R. BrreqQuisT

The 3 test wells drilled in the Wolf Creek area and
Square Lake test well 1 penetrated 8 fossiliferous zones
in Upper and Lower Cretaceous rocks (Colville and
Nanushuk groups). Beds of the Upper Cretaceous
Seabee formation were penetrated in Wolf Creek test
well 2 to a depth of 130 feet and are identified by a con-
centration of a few arenaceous Foraminifera, which I
found elsewhere concentrated in the lowest beds of the
formation. The Turonian age of the formation (and
of the section penetrated) can be inferred, because these
beds are equivalent to the section below the Borissia-
koceras-bearing shales of the Seabee formation in the
Umiat area (grye, in Payne and others, 1951).

In Square Lake test well 1 no fossils were found to
ascertain the age of the upper part of the section, but
samples from 522 to 550 feet yielded a few broken tests
of Spiroplectammina webbei Tappan and specimens of
Foraminifera that range through the Colville group.
In much of the section, scattered specimens of Colville
species were found, but in the interval from 1,260 feet
to 1,620 feet a slight concentration of species occurs
that is characteristic of the lower part of the Seabee
formation in other areas. Thus, because the beds ap-
pear to be a part of the Seabee formation, a Turonian
age is inferred for the section.

Beneath the Seabee formation is the Ninuluk for-
mation, which was penetrated in each of the Wolf
Creek area wells and in Square Lake test well 1. The
Ninuluk formation can usually be identified by abun-
dant tests of Gaudryina canadensis Cushman and 7'ro-
chammina rutherford: Stelck and Wall, as these species
constitute a faunal zone in the formation in areas of
outerop. Tests of &. canadensis and 7. rutherfordi oc-
curred sparingly in Wolf Creek test wells 1 and 2 and in
Square Lake test well 1. A more definite faunal zone
was suggested in Wolf Creek test well 3, where speci-
mens of 7'. rutherfordi were fairly numerous. This
species was originally described from the Kaskapau
formation of Cenomanian age in the Peace River area
of western Canada (Stelck and Wall, 1955), and its
presence in abundance thus infers a Cenomanian age
for the Ninuluk formation. Research on the megafos-
sils of the outcropping Ninuluk formation by Ralph W.
Imlay has led to his conclusion (written communica-

tion, 1956) that a Cenomanian age can be established
because the fossils are identical with those from the
Dunvegan formation of Alberta and British Columbia.

Beds of the nonmarine Killik tongue of the Chandler
formation underlie the fossiliferous beds of the Ninu-
luk formation. This tongue was penetrated in each of
the Wolf Creek Wells and in Square Lake test well 1.
Below the Killik tongue the Verneuilinoides borealis
faunal zone was penetrated. This zone, named from
the dominant species of Foraminifera, is extensive and
is several thousand feet thick. Within its limits are
included the upper part of the Torok formation and the
Tuktu and Grandstand formations of the outcrop areas
as well as the rocks in the subsurface which Mrs. Col-
lins defines as Grandstand and Topagoruk formations.
The Albian age of the fauna is ascertained from the
presence of a few European and Canadian Albian
Foraminifera and the work of Imlay on the associated
megafossils (Imlay, R. W., written communication,
1956).

Apparently only the top of the Verneuilinoides bore-
alés zone was penetrated in Wolf Creek test wells 1 and
2, but nearly 2,400 feet of beds in this zone was drilled
in Wolf Creek test well 8. In Square Lake test well 1
more than 1,500 feet (2,475-3,987 feet) of beds within
the Verneuilinoides borealis faunal zone was drilled.

SQUARE LAKE TEST WELL 1

TULUVAK TONGUE OF THE PRINCE CREEK FORMATION
(0—700 FEET)

In the predominately nonmarine sandstone (of the
Tuluvak tongue of the Prince Creek formation) pene-
trated in the upper part of the Square Lake test well,
carbonaceous prints of plants occurred in several sam-
ples. Plants from two cores (at 458 and 585 feet) were
identified by Roland W. Brown as Metasequoia cuneata
(Newberry) Chaney. In the lower part of the Tuluvak
tongue (522-550 feet), above the lower occurrence of
M. cuneata, is a thin foraminiferal section, the base of
which is 150-175 feet above the base of the tongue. The
Foraminifera are mostly specimens of Haplophrag-
moides rota Nauss with a few specimens of 7'rocham-
mina ribstonensis Wickenden, Gaudryina irenensis
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Stelck and Wall, and a few fragments of Spiroplectam-
mina webber: Tappan. These species are found in the
Colville group (Upper Cretaceous).

SEABEE FORMATION (700-1,885 FEET)

A few specimens of arenaceous Foraminifera were
found in core and ditch samples in the upper 120 feet
of the Seabee formation, but the succeeding 280 feet of
beds was largely nonfossiliferous, Inoceramus prisms
were abundant in a sample from 1,140-1,150 feet and
were present in most ditch samples throughout the
formation. Fishbones were found in a few samples
from 1,120-1,230 feet. A radiolarian (Cenosphaera
sp.) was common at 1,180-1,190 feet, and the pyritic
casts of another species (Zonodiscus sp.) were com-
mon in a sample from 1,570-1,580 feet. A few speci-
mens of Radiolaria were found in several other samples

" between the occurrences mentioned above.

A few species of Foraminifera were found in samples
from 1,220-1,600 feet and in a few samples from the
lower part of the Seabee formation. Haplophragmoides
rota was most frequent in occurrence and was common
in cores from two intervals (1,286-1,296 feet and 1,451
1,478 feet). Saccammina sp. was abundant in the upper
core, and tests of Gaudryina irenensis were common in
samples from the lower core. Specimens of Textularia
gravenor: Stelck and Wall, Praebulimina carseyae
(Plummer) and Neobulimina canadensis Cushman and
Wickendon also occurred in the core samples from
1,451-1,478 feet.

Most of the cores from 1,687-1,785 feet were barren,
but Inoceramus prisms were in cores from 1,675-1,685
feet and from 1,785-1,765 feet. Tests of Gaudryina ire-
nensis were common in the core from 1,755-1,765 feet,
and a few specimens of Pracbulimina carseyae were al-
so found. Samples from the cored section from 1,841-
1,878 feet had only Jnoceramus prisms, and the basal
few feet of the section (core from 1,878-1,885 feet) was
barren.

NINULUK FORMATION AND KILLIK TONGUE OF THE
CHANDLER FORMATION (1,885-2,475 FEET)

Abundant specimens of Gaudryina canadensis Cush-
man and T'rochammina rutherfordi Stelck and Wall in
the bottom foot of a core from 1,878-1,886 feet indicate
the top of the Ninuluk formation. In the succeeding
core (1,886-1,896 feet), 7. rutherfordi was common.
Within the Ninuluk formation in general these two
species occur as a faunal zone from which nearly all
other Foraminifera are excluded. In the Square Lake
well this faunal zone is extremely limited; most of
the samples from an interval of more than 460 feet
were unfossiliferous. Because of this condition I pre-
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fer to consider the strata from the base of the Seabee
formation (Colville group) to the top of the Vernewili-
noides borealis faunal zone as undifferentiated beds of
the Ninuluk formation and the Killik tongue of the
Chandler formation. A plant fossil at 2,346 feet and
a few specimens of @. canadensis Cushman from the
remainder of the core (2,340-2,347 feet) came from a
marine intertongue within the Killik tongue.

VERNEUILINOIDES BOREALIS FAUNAL ZONE (2,498
FEET TO TOTAL DEPTH)

In the Square Lake well the Verneuilinoides borealis
faunal zone is very poorly developed. The number of
species is small, being not more than 15 or 16 in all, of
which only 8 or 4 species were found in any degree of
abundance.

Common specimens of Verneuilinoides borealis Tap-
pan and a few other questionably identified specimens
of Foraminifera occurred in a core sample from 2,493
2,505 feet. These are the highest occurrence of species
of the V. borealis faunal zone. Small specimens of V.
borealis were abundant in a core sample from 2,840-
2,853 feet. In cores from 3,192-3,211 feet, specimens of
Verneuilinoides borealis and fragments of Ammobacu-
lites n. sp. were common, and Haplophragmoides topa-
gorukensis Tappan was abuandant. Ammobaculites n.
sp. also occurred in lower cores, including the bottom-
hole core (8,978-3,987 feet) in which a few specimens
of Nanushukella wmiatensis Tappan were also found.
Other cores were barren.

WOLF CREEK TEST WELL 1
NINULUK FORMATION (10-445 FEET)

In this well more than half the samples were fos-
siliferous, but the microfauna was small, the number of
specimens relatively few, and some samples contained
only Inoceramus prisms. Specimens of Trockammina
rutherfordi Stelck and Wall and Gaudryina canadensis
Cushman make up most of the microfauna and com-
prise a faunal zone in the Ninuluk formation. Speci-
mens of 7'. rutherford: were common in two samples.

Below the Gaudryina canadensis — Trochammina
rutherford: faunal zone, most of the section to 1,080 feet
was barren of microfossils except for 2 ditch sample
occurrences of /noceramus prisms and rare occurrences
of T'rochamming rutherfordi. In a core sample from
1,080-1,084 feet and in ditch samples from 1,205-1,215
feet and 1,298-1,300 feet, specimens of Verneuilinoides
borealis were found. A few specimens of Miliammina
awunensis Tappan occurred in a sample from 1,350-
1,360 feet, and common specimens of Verneuilinoides
borealis and a few specimens of Gaudryina canadensis
and Miliammina awunensis were found in the 2 lowest
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samples studied (1,435-1,445 feet, and 1,485-1,490 feet).

From the foregoing data it is evident that a large
part of the section below the Gaudryina canadensis—
Trochammina rutherford: faunal zone is very likely a
part of the Killik tongue of the nonmarine Chandler
formation, but the fossiliferous core sample and ditch
samples indicate marine intertongues (probably from
the Grandstand formation) in the beds below 1,000 feet.
Certainly these samples are from a part of the Ver-
neuilinoides borealis faunal zone, but the last two
samples from the test well are from more fossiliferous
beds of the same faunal zone.

WOLF CREEK TEST WELL 2
SEABEE FORMATION (25-130 FEET)

In the 7 ditch samples taken from the interval of
rocks assigned to the Seabee formation was a small
fauna of 3 species of Foraminifera, Saccammina sp.,
Haplophragmoides rota Nauss, and Gaudryina iren-
ensis Stelck and Wall. Tests of Haplophragmoides
rota were common in a sample from 35-45 feet, and
Saccammina sp. was common in a sample from 65-75
feet. In other occurrences the Foraminifera were rare;
at 120-130 feet abundant Jnoceramus prisms prevailed.
The next sample, from 130-140 feet, had a small but
distinctly different fauna that marks the top of the
Ninuluk formation.

The few Foraminifera found are not alone distinc-
tive of the Seabee formation, as they range throughout
the Colville group. A study of outerop samples, how-
ever, indicates that each of these species occurs most
frequently in the lower part of the Seabee formation.
Thus as a small assemblage, these species, and some-
times 1 or 2 others with them, can be considered fairly
characteristic of the lower beds of the Seabee formation.

NINULUK FORMATION (130-650 FEET)

Specimens of Trochammina rutherfordi Stelck and
Wall were common in a sample from 140-150 feet and
indicate an abrupt change in fauna. In lower samples
this species occurred in rare numbers; but in a sample
from 605-615 feet, specimens were abundant. A few
tests of Gaudryina canadensis Cushman were associ-
ated in the latter sample. In another sample 2 speci-
mens of 7'. rutherford: were found, but the samples
from 655 to 1,330 feet were barren.

Trochammina rutherfordi and Gaudryina canadensis
are indicative of beds of the Ninuluk formation as they
are usually the only species found in them. In this test
well at least the interval from 130-650 feet can be as-
signed to the Ninuluk formation.

Other than carbonaceous material and minute frag-
ments of coal in a few samples, beds throughout the
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interval below the assumed base of the Ninuluk forma-
tion were unfossiliferous except for 4 samples. A
sample from 1,330-1,335 feet contained 4 specimens of
Verneuilinoides borealis Tappan and a specimen of
Involutina sp. A specimen of Miliammina awunensis
Tappan occurred with 2 fragments of Gaudryina cana-
densis Cushman in a sample from 1,470-1,475 feet, and
common specimens of Verneuilinoides borealis and
Gaudryina canadensis occurred in a sample from 1,545
1,550 feet. Two specimens of Verneuilinoides borealis
were found in a sample from 1,565-1,570 feet. These
few fossils are from marine intertongues of the Ver-
neuilinoides borealis faunal zone in an otherwise non-
fossiliferous section of the nonmarine Chandler
formation.

WOLF CREEK TEST WELL 3
NINULUK FORMATION (80-510 FEET)

The interval of rock from 30 to 510 feet is dominated
by Goudrying and Trochammina. In nearly every
sample from 50 to 510 feet, specimens of 7'rochammina
rutherfordi Stelck and Wall were found; in several
samples a few specimens of Gaudryina canadensis
Cushman occurred. In more than one-third of the
samples, 7. rutherfordi was common to abundant.
Inoceramus prisms were present in most of the samples.

KILLIK TONGUE OF THE CHANDLER FORMATION
(510-1,400 FEET) ’

Barren samples throughout much of the interval
from 510 feet to the cores starting at 1,475 feet suggest
beds of the Killik tongue, but on the basis of lithologic
changes the base of the Killik has been placed at 1,400
feet. In one sample in the lower part of the tongue
(1,300-1,310 feet), specimens of Verneuilinoides bore-
alis Tappan and Gaudryina canadensis Cashman were
common and suggest a tongue of the Vernewilinoides
borealis zone. Rare occurrences of a few Foraminifera
in 3 or 4 samples higher in the Killik tongue may be in
part contamination from the Ninuluk formation, but
some are apparently from intertongues from the Ver-
newilinoides borealis faunal zone.

VERNEUILINOIDES BOREALIS FAUNAL ZONE

Nearly 2,300 feet of section in this well is entirely
within the Verneuilinoides borealis faunal zone, and
approximately 250 feet of the overlying section has thin
beds of the zone interbedded with the Killik tongue.
Although the fauna is small in the beds within the
V erneuilinoides borealis zone, the specimens of individ-
ual species occur in large numbers in some samples. In
most of the samples in a continuously cored section that
extends from 1475 to 1,583 feet, specimens of V. bore-
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alis, Miliammina awunensis Tappan, and Gaudryina
canadensis were common to abundant. In one sample
Trochammina rutherfordi was common, and the species
was sparingly present in others. Specimens of Hap-
lophragmoides topagorukensis Tappan, Psammino-
pelia subcircularis Tappan, and Saccammina sp. oc-
curred in several samples. A tiny fish skeleton and a
few mollusk shells were recovered from a core at 1,515—
1,525 feet.

Abundant specimens of Psamminopelta subcircularis
came from a core from 1,655-1,670 feet, and specimens
of Verneuilinoides borealis, Miliammina awunensis,
Trochammina rutherfordi, and Gaudryinella irregu-
laris Tappan were common in the same sample. In a
core from 1,944-1,955 feet, specimens of V. borealis
were very abundant, and Haplophragmoides topagoruk-
ensis was common. The latter species was also com-
mon in a core from 2,182-2,197 feet and greatly out-
numbered the few specimens of V. borealis and frag-
ments of Ammobaculites sp. found in it. ‘

Several cores in sandy beds within the upper part of
the faunal zone were barren of fossils. These cores
were from 1,885-1,944 feet, most of the section from
1,977-2,072 feet, and the intervals of rock from 2,113-
2,158 feet, 2,241-2,275 feet, 2,330-2,359 feet, and 2,510~
2,605 feet.

Below a barren sandy section (2,510-2,605 feet) one
core (2,642-2,661 feet) had in a thin shalebed at the top
an abundance of tests of Gaudryinella irregularis, and
common numbers of Verneuilinoides borealis, Miliam-
mina awunensis, and Gaudryina canadensis.

In the lower part of the Vernewilinoides borealis
faunal zone in this well, very few Foraminifera were
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found in the beds below 2,760 feet. The upper cores
had no microfossils but did have Inoceramus prisms
and fragments of the tubes of Ditrupa sp. (2,830-2,840
feet). A few Foraminifera occurred in cores from
3,028-3,043 feet, 3,208-3,313 feet, and 3,494-3,514 feet,
and the bottom-hole core (38,740-3,760 feet). Haplo-
phragmoides topagorukensis, Verneuilinoides borealis,
and Miliammina awunensis occurred in each of these
cores, but in only the last core was a species (HZaplo-
phragmoides topagorukensis) common. Mollusk shells
from the basal core have been identified by Ralph Imlay
as Thracia sp. and Inoceramus sp. (cf. I. anglicus
Woods) and from a core from 8,092-3,112 feet as
E'ntolium sp. and Lemuroceras sp.
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