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

TEST WELLS, UMIAT AREA, ALASKA

By FrLorENcE Rucker CoLLINS

ABSTRACT

The Umiat anticlive, in-the southeastern part of Naval
Petroleum Reserve No. 4, northern Alaska, was first mapped in
1944, and has been tested by drilling ‘11 holes, 7 of which pro-
duced some oil.  Umiat test well 1, a 6,000-foot hole west of
the producing area, was the first exploratory test drilled. It
wag spudded by United States Navy personnel in 1945, as part
of the petroleum exploration program in the Naval Petroleum
Reserve. - Like other wells on the anticline, it was drilled through
rocks of the Colville and Nanushuk groups and the Topagoruk
and Oumalik formations, all of Cretaceous age. Umiat test
well 2, the deepest hole (6,212 feet), was located structurally
high on the anticline but produced no oil. Umiat test well 3,
the shallowest well (572 feet), produced only a small amount of
oil, and drilling in the area was discontinued for nearly 2 years.

The introduction of cable<tool rigs in.1950 resulted in five oil
wells, which produced. primarily from sandstones of the Grand-
stand formation. The use of oil-base mud in the drilling of a
sixth oil well corroborated the theory that water-base mud re-
duced permeability and prevented oil production in Umiat test
well 2. Two holes which produced only water were located
north and south of the productive area, in structurally low
locations.

This report mcludes geologlc and engineering data obtained
in drilling 11 tests much of the material is presented graphically.

INTBODUCTION

Between 1944 and 1953 the United States Navy
conducted an extensive exploration program in Naval
Petroleum Reserve No.:4, northern Alaska, in order
to arrive at an estimate of the possible petroleum
reserves of the region. 'The United States Geological
Survey, as a cooperatiné agency, studied the geology
of the area both in the field and laboratory; Arctic
Contractors, under confract to the Navy, drilled test
wells and core tests-in many localities throughout the
Reserve (fig. 7). '

The Umiat ares is logated in the southeastern part
of the Reserve on the north side of the Colville River,
west of the bend Wherq the river changes its easterly
course and flows north into the Arctic Ocean. It is
within the Northern foothllls section of the Arctic
foothills physiographic; province. The area has a

maximum relief of about 500 feet that consists of
discontinuous erosion-resistant sandstone ridges alter-
nating with valleys in less resistant rocks. The
Colville River and its valley are the only large stream
and extensive lowland in the area. The ground is
permanently frozen below the tundra to a depth of
about 900 feet, except under the Colville River flats
where the permafrost is approximately 770 feet thick.

The Umiat anticline is about 10 miles long and 3
miles wide, trends east, and has more than 800 feet of
closure. It is the highest part in a structural trend ex-
tending many miles beyond the limits of the closed anti-
cline. Its limits were defined by field and photogeologic
mapping. Two seismic profiles across the anticline, run
by United Geophysical Co., Inc. in 1946 show a reversal
of dip and suggest the presence of faults in the shallow
reflecting horizons. Drilling has revealed evidence of
reverse faulting in several holes, with duplication of as
much as 775 feet of beds. Near the axis of the anticline,
no reflections were recorded from beds below 1,500 feet.
Magnetometer and gravity surveys of the Reserve show
a magnetic anomaly of unusual intensity coinciding
roughly with the Umiat anticline and with a. small
gravity low in the same area.

Eleven wells were drilled on Umiat anticline between
1945 and 1952 to determine the production possibilities.
Umiat test wells ! 1 and 7 ! were too low structurally to
produce oil; sandstones in Umiat test well 11, on the
downthrown northern flank of the anticline, contained
water. Umiat test well 2, although located near the
crest of the anticline, was a dry hole, probably because
it was drilled with fresh-water drilling mud which re-
acted with the argillaceous material (predominantly
montmorillonite) in the sandstone, making it imperme-
able to oil. The other wells all produced some oil from
the Grandstand formation, with a very minor amount

1 Since some of the earlier Umiat wells were drilled, their names were changed for

easier reference: Umiat test well 3 was originally Umiat core test 1, and Umiat test
wells 4, 5, 6, and 7 were known as Umiat (Ruby) test wells 1, 2, 3, and 4, respectively.
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FIGURE 7 —Index map of northem Alaska showing locations of test wells and oil flelds,

from sandstones in the overlying formations.

The 011 is

green, has an API gravity of about 36°, and contains & .
high precentage of napthenes, gasoline with a pour

Umiat test well 8
All of the test

point of —80°F., and diesel fuel.
produced a moderate amount of gas.
wells have been shut in or abandoned.

Because maps of the area lacked accurate horizon- .

tal and vertical control when the wells were drilled, the :
latitude and longitude used in this paper have been :

calculated from the position of Umiat test: well 2 as
plotted on the Umiat special topographic map published

in 1948 by the U. S. Geological Survey. The well sites .
shown on figure 8 have been located, with the aid of |

aerial photographs. and ' accurate -measurements by
Arctic Contractors, on the same base. The following
table gives the distance in feet between an: arbitrary
point of origin (shown on fig. 8) about 4 miles eastiand a
little south of Umiat and the well sites. This coordinate
system was established by Arctic Contractors o loeate
the wells accurately in relation to each other,  Eleva-
tions of the wells have been accurately determined with
respect to each other, although they are only approm-
mate in relation to sea level.

This report presents detailed geologic and engineering
data obtained in drilling the 11 Umiat test wells.
Technical data were compiled from reports made for
the U. S. Navy by Arctic Contractors, United Geo-
physical Co., Inc., The Schlumberger Well Surveying

Dzstance of test wells from an arbitrary point (see fig. 8) measured
" along west and lrue north coordmates

Umiat test well Distanck west | ‘Distance north

. (feet) (teet) . , -

. 47,999 14, 901
16, 317 10, 048
716, 783 11, 304
16, 037 11,728
- 16, 143 10, 145
17,714 7,086
18, 936 6, 890
Y 20, 433 15, 627
9. o _.IITIIT 27, 432 11, 112
10 e ) 22 422 16, 137
S S '-'18, 364 18, 734
Corp " and the U.'S. Geologlcal ‘Survey.  Results' of

special studies by the United States Bureau of Mines
and the National Bureau of Standards are also included.
The help of many. engineers, geologists, and geophysi-
cists connected Wlth these orgamzatmns is gmtefully
acknowledged. -

Cores and cuttmgs were eéxamined ‘by Thomas G.
Roberts and the author, and unless otherwise noted
_porosity and permeablllty were also determined in the
U. 8. Geologlcal Survey laboratory in Fairbanks,
Alaska. Additional core analyses were made by Paul
D. Krynine, and héavy-minetal studiés were made by
R. H. Morris. Mierofossils were identified by Harlan
R. Bergquist. The stratigraphic distribution of fossils
in the test wells of northern Alaska will be presented
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by him in another chapter - -of this 'professional ‘pa,per
Reports on thermal” mvestlgatlons were made by

Max C. Brewer
..o . STRATIGRAPHY

EXCepft for -unconsolidated Quaternary sedlments;
the rocks drilled in the Umiat area are Cretaceous in
age (see' fig. 9); the Cretaceous nomenclature used in
this ‘report is discussed by ‘Gryc, Patton, and Payne
(1951)éind by Gryc and others, (1956). The rocks
consist almost entirely of clay shale and sandstone,
with' rareé bentonite, clay ironstone, and coal in the
upper part ‘of the sequence; some of the formations
contain dlagnostic niicrofaunal assemblages. Forma-
tion boundaries are based on lithologic and paleontologic
evidence and on correlatibn ‘of beds between wells.

QUATERNARY DEPOSITS

-~ Unconsolidated sand and gravel present in many
test wells are probably alluvial deposits of the Colville
River and Bearpaw Creek; they are Recent(?) in age.
Both :sand-and - gravel consist of subround to rounded
grains of:yellow, white, and black chert and clear
quertz; in beds from. a few feet to 80 feet thick. The
sand and gravel-are absent in Umiat test well 1 and
others that are located away from stream valleys,

1
162°

FIGURE 8,~—Map of the Umiat ares showing location of the Umiat test wells.

CRETACEOUS ROCKS

COLVILLE GROUP
TULUVAK TONGUE OF THE PRINCE CREEK FORMATION

The youngest Cretaceous rocks found in the sub-

| surface of the Umiat area are a part of the Tuluvak

tongue of the Prince Creek formation (Late Cretaceous)
which was penetra,ted only by Umiat test well 11. "

The formation is dominantly a nonmarine sequence,
is about 500 feet thick (22-545 ft), and contains 5- to
40-foot beds of sandstone and siltstone, with interbedded
shale, coal, and bentonite. The sandstone is light
gray and consists of very fine angular: grains oftclear
and white quartz' with some silt and -clay; many beds
are slightly to very‘béntonitic. The siltstone is similar
in composition' to the sandstone. *Most off the: shale’ is
medium light gray and bentonitic; claystone with
conchoidal fracture i¢ also present.” White or yellowish-
white. bentonite beds a few. inches. thick are common;
the largest beds, 7 feet. and: 5 feet thick, occur at 488
and 502 feet, respectively.  The coal is black and shiny,
and bhas blocky to shaly fracture; beds a few. inches
to 3 feet thick are common in the upper 100 .:feet and
between 300 and 500 feet. ..

Marine deposits. are mre, but. some .beds of shale

| (70-80, 146-156, -and 420-430: ft) contain 8 sparse

ot
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FiGURE 9.—Cretaceous rocks in the Ustiiat stes, northern Alaska.

microfauna indicative of a shallow-water marine en-
vironment. In Umiat test well 11, these beds are the
only representative of the Schrader Bluff formation,
which is the marine equivalent of the nonmarine

Tuluvak tongue.
SEABEE FORMATION

The marine Seabee formation (L.ate Cretaceous) is
about 1,500 feet thick in Umiat test well 11, the only
hole in which the formation is complete. The upper
part consists of 190 feet of bentonitic medium-gray
clay shale underlain by & 55-foot bed of fine-grained
silty slightly bentonitic medium-light-gray sandstone.
The shale contains Foraminifera and rare minute frag-
ments of fishbones. These beds are probably equiva-
lent to the sandy Ayiyak member, the uppermost part
of the Seabee formation, of the outcrop. The 300 feet
of shale immediately below the 55-foot sandstone

‘which may be common to abundant.

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 194453

unit is similar to that overlying the sandstone but is
in turn underlain by shale which is darker, harder, and
nonbentonitic. About 1,000 feet below the sandstone

| i8 a 200-foot unit consisting of a series of medium-

light-gray very fine- to fine-grained sandstone beds
5-55 feet thick and separated by thin beds of clay shale.
This in turn is underlain by 300 feet of medium-dark-
gray clay shale, and at the base is another, 230-foot
group of sandstone and siltstone beds separated by
thinner beds of clay shale. Both sandstone and silt-
stone are characterized by scattered plates of biotite
The sand grains
are subangular clear quartz with a small amount of
white quartz and other rock fragments, and the sand-
stone is commonly ‘‘dirty,” containing a large amount
of silt, clay, and micaceous particles. Bentonite is
more common than in the underlying Nanushuk group,
though less abundant than in the Tuluvak tongue.
Specimens of an ammonite, Borissiakoceras sp.,
were found in the lower part of the Seabee formation
in Umiat test wells 1 and 11; cores between 400 and

600 feet above the base of the formation contained

Inoceramus cf. I. labiatus Schlotheim. Minute fish-
bone fragments are typical of the Seabee formation,
and some Foraminifera are also present in the lower
part of the formation.

NANUSHUK GROUP
RINULUK FORMATION

The shallow-water marine Ninuluk formation (Late
Cretaceous) is represented by about 100 feet of medium-
light-gray fine-grained sandstone, underlain by about
20 feet of siltstone and clay shale. One or two thin
beds of clay shale divide the sandstone section in most
of the Umiat test wells; in Umiat test well 1, however,
this unit consists partly of siltstone. The clay shale
beds are also somewhat thicker than they are in the
move easterly wells. Clay ironstone is present in the
sandstone in some wells; the lower shale and the upper-
most part of the formation contain Trochamminag
rutherfordi Stelck and Wall in Umiat test wells 6 and
10.

KILLIK TONGUE OF THE CHANDLER FORMATION

The Killik tongue of the nonmarine Chandler form-
ation (Early and Late Cretaceous) is 260280 feet thick
in the Umiat area. It consists of interbedded silty
sandstone, siltstone, clay shale, and claystone in beds
5-25 feet: thick, with thin beds of coal and rare bento-
nite in the upper part. The sandstone is medium
light gray, very fine to fine grained, silty, argillaceous,
sericitic, and rarely calcareous. It is composed of
angular to subangular grains of white and clear quartz,
with rare dark rock fragments, and common carbona-
ceous particles. The siltstone differs from the sand-
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stone primarily in grain:size, although some is slightly
darker. Clay shale is medium dark gray, slightly to
very silty, slightly micaceous, and noncalcareous, with
a small amount of carbonaceous material. Claystone
differs from the clay shale by having irregular or con-
choidal fracture and being slightly less micaceous.
The top of the formation is placed below the lowest
occurrence of Trochamming rutherfordi Stelck and
Wall of the Ninuluk formation and above the coal;
the base is marked by & thin but persistent bed of

sandstone.
GRANDS!AN D FORMATION

Almost all of the 011 produced in the Umiat field
came from the 660- to 760-foot Grandstand formation

(Early and Late Cretakeous‘?), a sequence of marine |

sandstone. The llghf;-“ to medium-light-gray very
fine- to fine-grained sindstone beds are 5-100 feet
thick and composed of subangular to subrounded grains
of ¢lear and white quartz, with some gray chert and
dark rock fragments, rare grains of muscovite, biotite,
pyrite, and carbonaceous material. The rock is
slightly silty and argillaceous, and very little of it is
calcareous. The sandstone beds are commonly mas-
sive, but a few have laminae of siltstone and claystone.
Porosity ranges from less than 1 to 20 percent, and
permeability from less than 5 to almost 500 milli-
darcys. The uppermost sandstone is 50-75 feet thick
and is found throughout the area. The lower sand-
stone, much greater in total thickness, is massive in
some wells and contains clay shale beds in others.
These two beds of sandstone contain most of the oil
in Umiat field and are referred to in this report as the
upper sandstone bed and the lower sandstone bed.

The upper and lower sandstone beds are separated
by 300 feet or more of medium-dark-gray slightly to
very silty slightly micaceous and noncalcareous clay
shale, with some silty or carbonaceous partings and
fair shaly cleavage. It contains some thin beds of
sandstone. Siltstone is also present as laminae or
thin beds in the sandstone and clay shale; it is medium
gray and commonly argillaceous.

The top of the Grandstand formation is characterized
by the abrupt appearance of the Verneuilinoides
borealis fauna of Bergquist (see p. 199) in a 2- to 40-
foot bed of clay shale. The same fauna is also present
in most of the shale beds between the sandstones of
the Grandstand formation and in the underlying Topa-
goruk formation ; it is sparsely represented in the sand-
stone beds themselves. This foraminiferal assemblage
is largely arenaceous and suggests a shallow-water
marine environment. The base of the formation is
picked arbitrarily at the base of the lowest thick
sandstone.
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TOPAGORUK FORMATION

The clay shale of the marine Topagoruk formation
(Early Cretaceous) is medium dark gray, slightly to
very silty, noncalcareous, and partly micaceous; it is
indistinguishable from that of the Grandstand forma-
tion. A few thin beds of very fine-grained very silty
argillaceous noncalcareous sandstone are present in the
upper part, and both siltstone and sandstone form
laminae and irregular lenses in the shale. The silt-
stone and sandstone of the Topagoruk formation are
likewise similar to those of the Grandstand formation;,
but the sandstone is finer grained, siltier, and more
argillaceous. The Topagoruk formation had no shows
of oil or gas. Tt is about 2,800 feet thick, and particu-
larly the upper part contains & large number of Foram-
inifera typical of the Verneuwilinoides borealis fauna.
An Albian ammonite, Gastroplites sp., and very rare
crinoid ossicles have also been found in this formation.

OUMALIK FORMATION

Only about 400 feet of the Oumalik formation (Early
Cretaceous) has been penetrated in the Umiat area (in
test wells 1 and 2), and its total thickness is unknown.
It is composed of marine clay shale with very rare thin
beds of siltstone and sandstone. The clay shale is
slightly darker and harder than that of the Topagomik
formation and contdins fewer silty laminae; it is
medium dark to dark gray, very slightly silty in part,
and noncalcareous. - The sandstone is light brownish
gray and very fine grained, and it is composed of angular
clear quartz, much of which has a brownish tinge; the
small amount of silty argillaceous interstitial material
is also brownish gray. Silt, clay, mica, chert; and other
interstitial material are less common than in the sand-
stone of the overlying Topagoruk and Grandstand
formations. The Verneuilinoides borealis faunal -as-
semblage is absent; a very few microfossils are present
that are not found in the overlying formations.

UMIAT TEST WELL 1

Location: Lat 69°23’52’’ N., long 152°19’45’' W.
Elevation: Ground, 801 feet; kelly bushing, 810 feet. .
Spudded: June 22, 1945; shut down September 19, 1945, and Te~
opened June 2, 1946.
Completed: October 5, 1946, dry and abandoned.
Total depth: 6,005 feet. .
The first deep test in Naval Petroleum Reserve No.
4 was originally scheduled to be located at Cape Simp-
son, but this plan was changed after the Umiat anti-
cline was found to have several hundred feet of closure,
in contrast to the area of unknown structure at Cape
Simpson. The site for Umiat test well 1, on a ridge
between two branches of Seabee Creek, was picked on
the basis of geologic and topographic reconnaissance
mapping by a Navy party under Lt. W. T. Foran in
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1944, In August 1944 Navy Construction Battalion
Detachment No. 1058 set up a base camp at Barrow, .
and during the winter of 194445 a National 50 drilling |
rig, with a 96-foot cantilever-type mast, and other |
rotary drilling equipment were hauled by sled train :

to the drill site. In December 1944 a small group of
Seabees established a temporary tent camp at the east

end of Lake Umiat to support drilling operations.

The present Umiat camp, about a mile southwest of

the lake, was used as a base of operations for field work

and drilling in the southern part of the Reserve until
the exploration. program was suspended.

The well was. spudded: in June 22, 1945, and shut
down for the winter on September 19, 1945, at a depth
0f.1,816 feet.
Arctic Contractors. ‘The test was abandoned on
Qctober 5, 1946, at a total depth of 6,005 feet.

the apex of the anticline.

Approximately 900 feet (9-915 feet) of the marine
Seabee formation was penetrated in drilling Umiat
test well 1.
thie upper 250 feet of the formation; below that depth

only a few thin sandstone beds, less than 15 feet thick,
were found. Oil odor and stain were reported from a
but a formation test recovered
only a trace of oil. The clay shale and claystone
above 341 feet are medium light to medium gray, with -
shaly, irregular, or conchoidal fracture; laminae of :

few sandstone beds,

silt are common. The unit between 341 and 535 feet
is also clay shale, but it is much darker (medium dark
gray), and much of it is fissile. Bentonite partings

are common, and 3 beds of bluish-white bentonite,

about 1¥%, 3, and 5 feet thick, are present in the lower
part of the shale; biotite flakes are common. Inocer-

amus cf. 1. labiatus and Borissiakoceras sp., diagnostic .

of the Seabee formatlon were in the cores from these
beds.

A 15-foot fine-grained sandstone bed marks the top
of the shallow-water marine Ninuluk formation, which .

is present between 915 and 1,010 feet. In this hole
the formation is composed of nearly equal amounts of
sandstone, siltstone, and shale in beds 3-20 feet thick.

The siltstone has crossbedded clay shale laminae, and -

the. clay shale has slightly crossbedded laminae of
siltstone. A trace of oil was reported in the uppermost
sandstone bed.

- 'The Killik tongue of the Chandler formation oecurs
between 1,010 and 1,309 feet and between 2,010 and
2,085 feet. The repetition is caused by a reverse fault

&t 2,010 feet which duplicated not only a small part

On June 2, 1946, drilling was resumed by |

In the |
summer of 1946-more detailed geologic mapping of the |
anticline by a U. S. Geological Survey field party showed |
that the well was several hundred feet south of the axis |
and about 5 miles west and several hundred feet below

Sandstone makes up more than half of .
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of the Killik tongue but almost all of the Grandstand
formation as well; the vertical displacement is 775 feet.
Oil saturation was reported in the thin sandstone at
the base of the tongue.

The top of the Grandstand formatmn at 1,309 feet
is marked by a 20-foot bed of clay shale containing the
uppermost occurrence of the Verneuilinoides borealis
fauna. Below the shale is 50 feet of sandstone, with
interbedded sandstone and shale beneath. At 1,530-
1,560 feet is & sandstone which cannot be identified in
the other Umiat wells; it is represented in them by a

| shale sequence containing a few thin sandstone beds.

The thickest sandstones, however, ranging from 10 to 80
feet in thickness, occur between 1,735 and 2,840 feet;
they are separated by thin beds of shale. The section
including the thick sandstone beds between 1,735
and 2,010 feet is repeated below 2,010 feet by the thrust
fault mentioned above. Porosity of the sandstone
ranges from 6.2 to 20 percent, and permeability, from
less than 1 to 63 millidarcys. (See table on p. 91.)
Oil shows were reported in several beds, and gas was
detected once, but tests recovered fresh water with
only a trace of oil.

Below 2,840 feet, however, the Topagoruk formation
has only a few thin sandstone beds, although sandstone
and siltstone laminae, crossbedded in many places, are
common. The high dips recorded are partly caused
by crossbedding, but some high dips are in beds that
show no sign of crossbedding and consequently are
presumed to be the true dip.

The contact between the Topagoruk formation and
the underlying OQumalik formation is not easily recog-
nized in this hole. The similarity between the shale
of the two formations and contamination of the ditch
samples from overlying beds obscure any break. The
Topagoruk formation extends through the core at
4,200-4,204 feet. A few specimens of the pyritic
Lithocampe sp., diagnostic of the Oumalik formation,
were found in ditch samples between 5,780 and 5,830
feet, and a heavy-mineral sample from 5,995 feet con-
tained some augite, typical of the Qumalik formation.
The intervening 1,500 feet, however, was not cored and

is represented by ditch samples which show only a

gradual change in the characteristics of the shale and
sandstone. The base of the Topagoruk formation is
therefore tentatively placed at about 5,650 feet.

DESCRIPTION OF CORES AND CUTTINGS

A slowly increasing lag in return of the ditch samples
to the surface in Umiat test well 1 caused a discrepancy
in depths of lithologic changes as shown in the ditch
samples and in the electric log. This difference in
depth increases from about 5 feet at 1,200 feet to about
15 feet near the bottom,



In this and the following wells, the lithologic descrip- |
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tions are based on an examination of ditch samples and

cores. All depths are measured from the top of the
: The material was |
described dry, and colors were determined by com-

kelly bushing or

the derrick floor.

parison with the Rock Color Chart (Goddard, 1948).

Clay ironstone is

3 yellowish-gray to grayish-yellow and

grayish-orange dense hard argillaceous rock with con-

choidal fracture; it is sideritic and usually reacts slowly |

with cold dilute hydrochloric acid.

Abundance  of

“microfossil specimens mentioned at

the beginning of each core description is defined as

follows: 1-4 very

rare, 5—11 rare, 12-25 common, 26-50

abundant, and over 50 very abundant.

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

Core | Depth (feet)

Remarks

0-9
911

11-22

2226

2 ' 41-55
3 55-65

4 - 65-82

26-31:
1 3141

"Kelly drive bushing to ground level.
Clay, grayish-orange; with some angular

white, and clear quartz and rock frag-
ments. Top of test well in Seabee
formation.  (Sample from ground at
%}rig site.
Sandstone, light-olive-gray, fine- to me-
dium-grained, silty to very silty,
- argillaceous, slightly to very caleareous,
- ‘hard; composed of subangular to sub-
rounded grains of clear quartz, white,
- light-gray and  dark-gray chert, and
i.gome dark rock fragments, with rare
grains of hematitic (?) and sideritic
clay and subhedral biotite grains.
Lower part of unit contains white silty,
argillaceous calcareous bentonite which
contains ahundant grains of dark rock
fragments;: ‘Some medium-gray non-
caleareous shale present in lower part.
Clay . shale, medium-gray, very slightly
.silty, noncalecareous, with rare minute
biotite flakes and a small amount of
sandstone as above.
Sandstone as above, with a small amount
of clay shale.
Recovered 7 ft 8 in.: Microfossils absent.
| -~ Claystone, medium-light-gray, noncal-
. eareous, nonmicaceous to slightly
mieaceous, with subconchoidal frac-
ture; abundant laminae and thin
beds of argillaceous to slightly sandy
. siltstone, slightly lighter gray than
the claystone, totaling a third of the
rock. Laminae have sharp contacts

- Dip 10°-13°. :
Recovered 7 ft 6 in.: Microfossils absent.
Claystone with siltstone as above; silt-
stone decreases to a fourth of the
rock, with depth.
‘Recovered 8 ft: Microfossils absent.
Claystone with some siltstone laminae
as above that total less than 10 per-
cent of core. :
Recovered 8 ft 6 in.: Microfossils absent.
8 ft, claystone as above, with rare silt-
stone laminae.

very fine-grained, calcareous, with a

clay shale in center; dip 25°,

7

Lithologic description—Continued

Depth (feet)

Remarks

to subangular very fine grains of orange, |

~apd are commonly very regular.

2 in., sandstone, light-greenish-gray, |

%-in. ‘lamina of = medium-light-gray |

8292 |

92-96

96-97
97-102

102-105

105110

110-115
115-117

117-132

3 in,, sandstone, greenish-gray, very
. fine-grained, very silty and argilla-
ceous, noncalcareous.

1 in., sandstone, light-gray, fine-
grained, very silty and argillaceous,
very calcareous, with abundant bio-

- tite; slightly bentonitic matrix; mas-

- give.  QGrains angular to subangular
clear and white quartz, with some
gray chert, dark rock fragments, cal-
cite, and reddish (hematitic clay?)

‘ grains.
.Recovered 5 ft: Microfossils absent.
41t 6in., sandstone, light- to olive-gray,
very fine- to fine-grained, very silty
and argillaceous, moderately to very
calcareous, very slightly bentonitic,
massive; common carbonaceous par-
ticles, pyrite grains, and Dbiotite
flakes. Grains angular to sub-

- angular, with the same composition
as in core 4 above. A rounded frag-
ment of medium-light-gray noncal-
careous conchoidally fracturing clay-
stone, larger than diameter (2} in.)
of core, has lighter-colored laminae
dipping approximately 90°.

6 in., claystone, medium-light-gray,
noncaleareous, with conchoidal frac-
ture; also a few fine laminae of light-

: gray clay.
Recovered 3 ft 10 in.: Microfossils absent,

Clay shale, medium-light-gray, noneal-
careous, with irregular fracture; faint
laminae of light-gray clay and a few
laminae of light-gray silty clay
ggward base. Dip approximately

No sample.
Recovered 3 ft 6 in.: Microfossils absent.
1 in., clay shale with laminae as

" above; grades into unit below.

3 in,, interlaminated clay shale, silt-
stone, and very fine very silty
argillaceous light-gray caleareous
sandstone. Laminae dip 5°-9°.
Grades into unit below.

3 in., sandstone, light-gray, very fine-
grained, very silty and argillaceous,
calcareous. Thin streaks of .clay
shale dipping as much as 12° give a
slightly crossbedded appearance.

2 ft 1 in., interbedded claystone,
medium-light-gray, with conchoidal
fracture; with silty laminae and sand-
stone as above.

Siltstone, light-olive-gray, argillaceous,
very slightly calcareous; with a small
amount of light-olive-gray very fine-
grained very silty and argillaceous
very slightly calcareous slightly mica-
ceous sandstone as in sandstone de-
seribed in core 7 above.

Clay shale, medium-gray, very slightly

" silty, noncalcareous; with a very small
amount of siltstone.
nated with cement.

No sample.

Clay shale, with a small amount of silt-
stone, as in sample described above.

Recovered 11 £t 8.in.: Microfossils absent.
2 ft, claystone with irregular laminae of

gilt; dip 5°.

:9-ft:8 in., sandstone, light-olive-gray,
fine- to very fine-grained, very silty
and argillaceous, noncalcarequs tog

Sample contami-
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Lithologic description—Continued

Lithologic description—Continued

Core Depth (feet) Remarks Oore Depth (feet) Remarks
moderately calcareous, slightly ben- 14 | ; 221-232-| Recovered-7 ft 4 in.: Microfossils absent.
tonitic; with common flakes of ] Claystone, medium-gray, noncalcare-
biotite. Graing angular to subangu- | ous; with conchoidal fracture; with
lar white and clear quartz, with gray abundapt laminae of light-gray clay
chert and dark rock fragments; and silt and thin beds (2 in. maxi-
pyrite and ecarbonaceous particles mum) of very fine-grained -non-
rare. Sandstone is massive. A %4- | calcareous sandstone, especially in
in. unit 4 ft below top of core con- bottom 2 ft. Beds commonly len-
tains abundant flakes of carbonized | . . : ticular; dip 5°-15°. .
plant remains; bed of medium-light- 15 232-252 | Recovered 18 ft: Mierofossils very rare.
gray claystone ¥-1 in. thick, with 2 ft, interlaminated -claystone, silt-
conchoidal fracture, is present 1 in. stone, and sandstone as above. .
below carbonaceous unit. 9 ft, sandstone, light-olive-gray, very
9 132-142 | Recovered 9 ft 6 in.: Microfossils absent. | fine- to fine-grained; slightly cal-
3 ft 6 in., sandstone as above; grades - _eareous in part; with very rare thin
into fine- to medium-grained at base; beds (1 in. maximum) and laminae
nonecalcareous. of medium-gray clay shale. Sand-
1 ft 2 in., sandstone as above, fine- to | stone is massive; laminae dip 9°-15°.
very fine-grained, with thin lenticular | 7 ft, interbedded sandstone and clay-
beds of medium-light-gray. claystone stone as above. Beds 2-10 in,
totaling 20 percent of the rock. thick, approximately three-fourths
4 in., sandstone as above, with abun- claystone. Basal 2 ft have odor of
dant carbonaceous flakes 1 mm to 1 | gas or distillate when freshly broken
cm in diameter, giving appearance of and produce slight coloring in ether.
very fine laminge. Dip 9°. 16 - 252-265 | Recovered 11 ft: Microfossils very rare.
1 ft 6 in., sandstone as at top of core. | ) Claystone,  medium-gray, noncalcare-
3 in., sandstone  with carbonaceous ous; has irregular fracture; with
flakes as in 4-in. unit above. Dip 6°. | rare beds (}%—6 in. thick) of light-
2 ft 9 in., sandstone as above; grades olive-gray very silty and argillaceous
from very fine grained and noncal- noncalcareous slightly bentonitic
careous at top. to fine to medium | sandstone with abundant bjotite flakes.
grained, slightly calcareous, at base. 17 265285 | Recovered 9 -ft: Mierofossils absent.
_____ 142-143 ;| No:sample. Claystone, - mediym-gray, noncalcare-
10 143-163 | Recovered 17 ft 6 in.: Microfossils very ous, fractures irregularly; with very
' rare. alée laminae o}ﬁ l}gh{;—grqgr:;lg{’& :lay.
stone, medium-ligh avage conchoidal to i .
B maystone, modiumlight- | 18 285-292 | Recovered 6 ft 6 in.: Microfossils absent.
7 Ll 9 . . . -
choidal fracture; rare laminae of 4 ft 4 in,, bentonite, light-bluish-gray,
light-gray clay and light-olive-gray | - very silty, noncalcareous; yvxth'a.bun-
siltstone, very thin to one-half in. | -~ dant minute ﬂa]ies of biotite; irregu-
thick, some lenticular. Dip approx- | lar- to conchoidal fracture. Fish-
Cimately 6°. Imoceramus shell, one- - bone fragment present 1 ft below
fourth'in. in diameter, 9 ft below top top of core. .
of core, : 2 ft 2 in, claystone, medium-gray,
4 ft 6 in,, sandstone, light-olive-gray, silty, noncaleareous, slightly benton-
fine- to very fine-grained, very silty, itic; - with ~conchoidal to blocky
argillaceous, very slightly bentonitic. . fracture; biotite flakes very rare;
Grains angular to subangular, same | 1‘*1":9 :’oreaks of light-gray bentonitic
ATt ition : ) - claystone.
g §80nf£°f§t§§as§?v2,’°se in core 9 ~S?Jnd 1019 292-302 | Recovered 10 ft: Microfossils absent.
11 163-183 | Recovered 18 ft: Microfossils absent. Claystone as in core 18 above. A 2-in.
’ - Sandstone as above, fine-grained, | containig ra.%e atchec;sgofy;arbonized
glightly calcareous in part; basal 3 ° lant T ga,in 3pft below top of core
- ft very calcareous. pa emaLns elow top 4
. . Minute light-brown shiny balls of
12 183-203 | Recovered 12 ft: Microfossils absent. clay were noted in a sample washed
9 £t 6 in., sandstone as above. Irregu- . for microfossils.
lar beds of medium-light-gray clay- | - 20 802-312 | Recovered 9 ft: Microfossils absent.
stone, %-1 in, thick, dipping 20° or Claystone, medium-gray, slightly
less, present 4 ft below top of core, . silty, noncalcareous; blocky fracture.
and between 5 and 6 ft below top of | Becomes less silty, slightly darker,
core. . with depth. Clay balls noted, as in
1 ft, interlaminated sandstone as above, | B core 19,
slightly calcareous to noncaleareous, 1 . 21 312-316 | Recovered 3 ft: Microfossils absent.
and claystone as above, A Y-in. bed | - Claystone, medium-gray; becomes
of sandstone has abundant carbona- | slightly  darker at base; irregular
ceous flakes on bedding planes, ! fracture; & 2-in. unit is very well
1 ft 6 in., claystone, medium-gray, indurated, slightly calcareous, 1 ft
with rare light-gray claystone lami- above base of core. Clay balls as in
nae; conchoidal fracture. Laminae core 19. )
dip 5°. : 22 316~326 | Recovered 9 ft 6 in,: Microfossils very
13 203-221 | Recovered 13 ft: Microfossils absent,. . rare.

Sandstone as in core 12 above; very
fine- to fine-grained, noncalcareous,
massive, with rare beds and lenses

gray claystone.

(as much as 2 in, thick) of medium- |

Claystone, medium- to medium-dark-
gray, .. noncalcareous; irregular to
blocky fracture. Lower part has
rare .silty micaceous laminae and
poor shaly cleavage,
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Lsthologic description—Continued

Core

Depth (feet) .

Remarks

Core

Depth (feet)

Remarks.

23

24

29

-+ 326-336

336-346

346-356
356-366.:
366-37Q
870-374

374-377

. Recovered 8 ft 6 in.: Microfossils absent. |

8 in., clay shale, medium- to medium- -
dark-gray, noncalcareous; irregular |
fracture. Clay balls as In core 19
were noted in' a composite sample
from this core.

1 ft, claystone, light-olive-gray, very
gilty, slighty calcareous, micdceous,

- with rare pyrite, blocky fracture,

3 ft, clay shale as at top of core.

2 ft 8 in., bentonite, light-greenish-
gray, slightly silty, with scattered
small flakes biotite. Rare “cross-
bedded laminae and small scattered
irregular bodies of light- to medium-
gray claystone are present. Laminae

- flat lying to 10° dip.

11 in., claystone, light-gray, very ben-
tonitic, slightly silty.

3 in., claystone as at top of core.
Recovered 8 ft 6 in.: Microfossils absent.
© 24t in., claystone, medium-gray, non-

calcareous; conchoidal to irregular
fracture;  slightly darker, with very

. poor shaly cleavage, in part. Faint
gilty laminae toward base dip 8°-10°.

1 ft 4 in., interbedded sandstone, light-
gray, very fine-grained, very silty and
argillaceous, noncalcareous to slightly
calcareous, very. slightly bentonitic;
with siltstone, similar to the sand-
stone, and claystone as above.

4 ft 10 in., claystone, medium-¥ray and

: medium-dark-gray, noncalcareous,
with conchoidal to irregular fracture.
Top of dark fissile shale.

' No retovery, bit plugged.
‘No recovery: bit plugged.

No regovery, bit plugged.

No regovery, bit plugged.

Note: Ditch samples described below
were taken from the depths from
which no cores were recovered.

346-350 ft: Siltstone, medium-gray;

robably. contamination from the

‘ gole above this sample; ditch samples
imimediately below consist of medi-
um-dark-gray fissile shale.

350-374 ft: Clay shale, medium-dark-
gray, fissile; fine partings of light-
colored bentonite are abundant and
seem to be responsible for the fissility.

Recovered 3 ft: Microfossils abundant.
2 in., sandstone, light-gray, very fine-

ained, silty, very calcareous, non-

ntonitic.

2 ft 10 in., clay shale, medium-dark-
gray, fissile; dip 9°; cleavage caused
by partings of white bentonite, with
abundant flakes of biotite. Rare beds
of light-bluish-gray bentonite, %4-1
-in. thick. Contacts of nonbentonitic
clay shale with bentonite are sharp.
Inoceramus and fishbone fragments
throughout.

Note: 5 ft of additional core, identical
lithologically with core 29, may repre-
sent part of cores 25 to 28. It is
labeled ‘‘core 24, bottom 5 ft’’ but
this is incorrect, because the full re-
covery of core;24 is present without
this 6 feet of additional core.

31

32

33

34

35

36

37
38

39

377-387

387-897

397-407

407-417

417-427

427-437

437-447

447-457
457467

467477

Recovered 10 ft:

Recovered 10 ft: Miecrofossils common.
Clay shale, as in core 29 above, with
Inoceramus and fish-bone fragments.
Shaly cleavage poor execept on ben-
tonite partings. Rare beds of bluish-
white bentonite, -1 in. thick, with
abundant dark grains, and  light-
bluish-gray bentonite which ' lacks
black grains, are present throughout
the rock. Dip 7°. Several specimens
of Inoceramus cf. I. labiatus Schlo-
theim and Borissiakoceras sp., and
_fishbone fragments between 379
and. 387 ft.
Recovered 10 ft: Microfossils very rare.
Clay shale as above, with rare ben-
tonite beds; dip 6°. Numerous
specimens of Inoceramus cf. I. labi-
atus Schlotheim, 4 specimensg of a
large fish scale (Tissotia sp.), fish-
bone fragments, and 1 specimen of
Borissiakoceras sp. were found in
this core.
Recovered 10 ft: Microfossils absent.
Clay shale as in core 31 above, but with
poor shaly to conchoidal cleavage,
and lacking partings and beds of
bentonite. Inoceramus cf. I.' labia-
tus Schlotheim, I. cf. I. pictus Sowerby,
Borissiakoceras sp., fishbone frag-
. ments and scales present.
Recovered 10 ft: Microfossils very rare.
Clay shale, medium-dark-gray, non-
caleareous, very slightly bentonitic,
with abundant minute biotite flakes.
Bentonite laminae very rare; one lam-
ina_ contains abundant minute eu-
hedral pyrite crystals. Very poor
shaly to conchoidal cleavage. ish-
bone fragments abundant, Inocera-
mus cf. 1. pictus Sowerby present.

"Recovered 10 ft: Microfossils very rare.

Clay shale as in core 33 above, with
‘very rare white bentonite laminae
containing minute pyrite crystals and
biotite flakes and very rare light-
bluish-gray bentonite beds one-half
in. thick. Dip appreximately : 5°.
Inoceramus fragments present,.

Recovered 10 ft: Microfossils absent.

Clay shale with bentonite, as in core 34
above. Inoceramus cf. I. labiatus
Schlétheim and fish secales present.

.Recovered 10 ft: Microfossils very rare.

Claﬁstone, like clay shale in core 34
above but more bentoniti¢, and with
blocky to subconchoidal fracture
more common than shaly cleavage.
Dip probably low. Fishbone frag-
ments common; fish scales also pres-

ent.
Recovered 10 in.: Microfossils common.
Claystone as in core 36 above.
Microfossils . rare.
Claystone as above, but very slightly
micaceous in lower part; bentonite
present in faint partings and as a 1-
in. bed 3 ft above base of core. Fish-~
bone fragments and scales present.
Dip probably low.
Recovered 10 ft: Microfossils absent.
Claystone as above. Two 2-in. beds of
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Depth (feet)

Core Depth (feet) Remarks Core Remarks

light-gray bentonite with abundant | careous in bottom 6 in., nonbenton-
biotite flakes 3 and 6} ft below.top of itic, massive; grains angular, mostly
‘ core; fishbone fragments present. ] -clear quartz; some are white quartz
40 477-487 | Recovered 10 ft: Microfossils common., and dark rock fragments. Pyrite
[ 1t 2 in., claystone as above, with com- | rare; Inoceramus - fragments rare.
mon pyrite grains and abundant faint Strong oil odor and color in test with
laminae of bentonite in bottom 2 in. ' CCly; oil showed on ditch, but no

Dip 9°. ‘ C - gas detected.

21t 5 in., bentonite, bluish~white at top; 47 - 539-549 | Recovered 5 ft 6 in.: Microfossils absent.
grades to light gray at base; biotite | . - 5 ft, sandstone with oil stain as above,
flakes absent at top; increase from 6 in.; claystone, medium-gray, nonsilty
rare and minute in middle part of in- | to slightly silty, noncalcareous, ir-
terval to abundant and larger (fine . regular fracture. Slickensides on 1
sand size) at base. Good conchoidal | : or 2 surfaces.
fracture at top grades to blocky and i - 48 549-554- | Recovered 5 ft: Microfossils absent.
irregular at base. I : . 3 in., claystone as at base of core 47

" 6 ft 5 in., claystone as at top of core; but somewhat siltier. ‘
: . fishbone fragménts present. 3 ft 6 in., sandstone with oil stain as in
- 41 487-490 | Recovered 3 ft: Microfossils common. | core 47 but calcareous,
, Claystone as in cére 40 above. ¢ 1 ft 1 in,, - claystone, medium-gray,
42 490-499 | Recovered 7 ft: Microfossils very abun- | .i:- slightly silty, micaceous; noncalcare-
. dant. : > ous, pyritic; irregular fracture.

4 ft 2 in., claystone, as in cores above, | 2 in., sandstone as above, noncal-
with laminae and thin beds of benton- || - s i careous.
ite in bottom 1 ft. q 0 49 - 554-559 | Recovered 5 ft: Microfossils absent.

1 ft 4 in., bentonite, bluish-white, with : i [ 2-ft 4 in.,; sandstone as at base of core
biotite flakes increasing from rare to : ‘ 48; becomes slightly calcareous at
abundant with depth. Conchoidal base; slight oil odor.
fracture at top grades to fissile at i ' - 2 ft 8 in,, claystone, medium-gray, non-
base; dip 6°. i silty to very silty, noncalcareous,

11t 6 in., claystone as at top of core. “pyritic, with sandy silt laminae and

43 499-509 | Recovered 10 ft: ‘Microfossils very abun- | one 3-in. bed of very fine-grained sand-
: . : dant. ; stone 6 in. below top of claystone.

3 ft 8 in., clay shale, medium-dark- ‘| 50 559-564 | Recovered 5 ft: Microfossils rare.
gray, noncalcareous, slightly benton- .| - - "4 ft 1 in., clay shale, medium- to
itic; resembles claystone ~above, : medium-dark-gray, with laminae and
except for shaly cleavage. Fish ' thin beds of silt and very fine-grained
fragments rare; Dip 6°. Al-in.bed sandstone; bentonitic partings con-
of light-bluish-gray bentonite 3.inches ! tain abundant large biotite flakes.
below top of core. ; 6 in.;interlaminated siltstone, sand-

4 ft 8 in., claystone as in cores above. e gtone,: and clay shale, micaceous;
A 1-in. bed of bluish-gray bentonite [« ip 7°.

6 in. above base of claystone. ; 5 in., bentonite, grayish-white, slightl

1 ft '8 “in., bentonite, light-bluish- to - silty, partly caleareous, friable, wit
light - greenish - gray, with biotite : abundant flakes of light-brown to
flakés common to abundant. Friable, ' black biotite. :

: with conchoidal fracture. ! 51 564-569 | Recovered 5 ft: Microfossils absent.
44 500-519 | Recovered 10 ft: Microfossils abundant. . Claystone,: medium- to medium-dark-
‘1 + 3ft 4 in., bentonite as in core 43 above. ! gray, noncalcareous, mnonsilty to
2 in., siltstone, medium-gray, very : slightly silty, with rare irregular
argillaceous and sandy, noncalcar- laminae and thin beds (as much as
eous, hard. i 2 in)) -of siltstone, slightly sandy,

6 ft 6 in., claystone, medium-dark-: very - micaceous, argillaceous, non-
gray, very slightly silty, mieaceous, calecareous.. A 3-in, bed of sand-
nonbentonitic, noncalcareous, slightly stone, very fine grained, noncalcare-
pyritie, irregular to poor conchoidal . ous, very silty and argillaceous, 8 in.

o ‘- fracture. : above base; Inoceramus fragments
45 519-529 | Recovered 10 ft: Microfossils very abun- | I at its base.
dant. : ] 52 569-574 | Recovered 5 ft: Microfossils very rare.

Claystone as in core 44 above, with . 4 ft, claystone, medium-gray, slightly

- common pyrite grains. C silty to: nonsilty, noncalcareous, ir-

46 5290-539 | Recovered 10 ft: Microfossils absent.: regular to conchoidal fracture.

: 1 f4 8 in., claystone as in core 44 above; ! 10 in., sandstone, medium-gray, very
basal 8 in. slightly silty; very good ; fine-grained, very silty and argilla-
conchoidal fracture. ) ceous, with faint slightly darker lam-

1 ft 8 in., clay shale, medium-dark-- inae. Dip 7°.
gray, silty and micaceous, nonecal-’ 2 in., claystone as above.
careous, with very poor shaly: cleav- 53 574-579

age that suggests a dip of approxi-
mately 5°. :

2 ft 6 in., claystone, like clay shale:
above, but with irregular fracture.;
Base of dark fissile shale.

4 ft 2 in., sandstone, medium-light-
gray, very fine-grained, silty and
argillaceous, micaceous, slightly cal-

Recovered 4 ft 6 in.: Microfossils com-

mon.

1 ft, claystone, medium-gray, non-
calcareous, irregular to conchoidal
fracture.:

6 in., siltstone, medium-light-gray,
sandy, argillaceous, noncaleareous,
wigh faint micaceous laminae dipping
11°,
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Core Depth (feet) Remarks Core Depth (feet) Remarks

3 ft, claystone as above, slightly silty 8 'in.; claystone, medium-gray, very
in part, with thin beds of micaceous gilty, calcareous; grades into unit
giltstone totaling 20 percent of the below.

: rock. Flat lying to 2° dip. 8 ft 2 in., clay shale, medium-gray,
54 579-584 | Recovered 5 ft: Microfossils absent. slightly silty to nonsilty, noncalcare-

Claystone, medium-gray, nonsilty to - ous; irregular to poor shaly cleavage;
slightly silty, noncalcareous, con- “beds approximately flat lying. A 2-
choidal fracture. in. section of medium-light-gray cal-

. b5 | 584-591 | Recovered 7 ft: Microfossils common. careous siltstone, with irregular dip
: Claystone as above. (as much as 10°), 2 ft 9 in. above
56 591-601 | Recovered 8 ft: Microfossils abundant. base of core.
Claystone as above. 64 732-740 | Recovered 7 f 6 in.: Microfossils very
_____ 601-604 | No sample. rare. . .
57 604-614 | Recovered 9 ft: Microfossils common. Claystone, medium-gray, nonsilty to
: Claystone as above: very slightly silty; irregular to sub-
58 614-624 | Recovered 10 ft: Microfossils abundant. conchoidal fracture.
Claystone as above. 65 740-750 | Recovered 9 ft 6 in.: Microfossils com-
_____ 624-625 | No sample. mon. :
_____ 625-640 | Clay :shale, medium-dark-gray; slightly 8 ft 6 in., claystone as in core 64 above.
silty, caleareous, partly = bentonitic; Very rare particles of ecarbonized
‘ : small amount of siltstone in lower 5 ft. plant remains scattered throughout.
_____ 640-644 | Siltstone, medium-light-gray, very sandy, A 2-in. bed of medium-gray very ar-
h ‘ argillaceous, moderately calcareous, gillaceous calcareous siltstone 4 ft 6
: bentonitic; small biotite flakes common. in. below top of core.
-~ 59 644-654 | Recovered 10 ft: Microfossils very rare. 4 in., siltstone, medium-gray, very ar-

6 ft 10 in., claystone as above, with gillaceous, nonecalcareous, with scat-
1«in; bed of siltstone, slightly calcare- tered small fragments (maximum
ous, micaceous, sandy and argilla- one-half in. in diameter) of car-
ceous, with slightly crossbedded lam- bonized plant remains. :
inae 1 ft below top of core. Lam- 8 in., sandstone, fine- to very fine-
inae dip 5°-15°. grained, silty, argillaceous, noncal-

2 ft 5in., claystone as above, with careous, with earbonaceous partings
thin (3¢-2 in. thick) beds of siltstone dipping 3°-5°. 8light oil odor, slight
totaling & quarter of the rock. indication of gas.

9 in., siltstone, medium-light-gray, very 66 750-760 | Recovered 9 ft: Microfossils absent.
sandy and argillaceous, -micaceous, 5 ft 6 in., sandstone, medium-light-gray,
noncalcareous. Pelecypod shell cast very fine-grained, slightly silty, ar-
at 653% ft. gillaceous, nonecalcareous to slightly

60 654-664 | Recovered 10 ft: Microfossils rare. calcareous; grains angular to sub-
) Claystone as above, with rare laminae angular clear quartz with some white
and thin (4-4in.) beds of siltstone, guartz, white and gray chert, and
medium-light-gray, noncalcareous to | ark rock -fragments, Biotite and
slightly calcareous, flatlying to 10° . muscovite flakes abundant; particles
- dip. : . - of - limonite, coal, and ecarbonized
_____ 664-665 { No sample. : plant remains common. Sandstone
_____ 665675 ' Siltstone, medium-light-gray, very argilla- massive, uniform, except for a 6-in.
ceous, with some silty clay shale. unit ‘of sandy siltstone 2 ft below top.
..... 675-682 | Clay shale with some siltstone in upper . Slight oil odor. :
. part. : : 3 ft 6 in., siltstone, medium-gray, very
61 682-692 | Recovered 8 ft: Miecrofossils absent. argillaceous, noncalcareous, micace-
{ 3 ft4in., claystone, medium-gray, silty, . ous; irregular fracture. A few lam-
micaceous, noncalcareous; irregular inae of sandstone in top 3 in.; rounded
fracture, uniform. ‘mass of medium-light-gray sand-

2 ft 1 in.; claystone as above, but cal- - stone 1 in. by 2 in. in diameter, is
careous, slightly more silty. ‘ ‘present 6 in. above base of core. ' ‘No

6 in., clay shale, medium-gray, nonsilty, visible bedding in sandstone or silt-
very slightly micaceous. stone. Sharp sand-silt contact; sand-

2 ft 1 in.,, claystone, medium-gray, stone calcareous; siltstone noncal-
silty, micaceous, noncalcareous to careous.
slightly caleareous; irregular fracture. 67 760-765 | Recovered 4 ft 6 in.: Microfossils absent.

62 692—693 | Recovered 1 ft: Claystone, medium-dark- Claystone, medium-gray, slightly to
gray, slightly silty, noncalcareous, hard. very silty, micaceous, noncalcareous;
_____ 693-695 | Siltstone. irregular fracture. A few irregular
_____ 695-715 | Clay shale, medium-gray, slightly to very - patches and lenticles (maximum one-
~silty; slightly bentonitic in part. half in. thick) of caleareous very fine-
_____ 715-720 | Siltstone, medium-light-gray, sandy, ar- grained light-gray sandstone 1 ft
gillaceous, slightly micaceous, slightly below top of core which suggest
pyritic; -composed of angular grains of “swirly”” bedding. Dip of patches
clear and white quartz. changes abruptly from 0°-30°; clay-
_____ 720-722 | Siltstone, very argillaceous, calcareous, stone-sandstone contacts irregular

nonbentoniti¢, with a small amount of - ) but sharp. .

: ; clay shale. 68 765-770 | Recovered 5 ft: Microfossils absent.

63 722-732 | Recovered 9 ft 6 in.: Microfossils absent. " 2in., siltstone, medium-light-gray, very

8 in,, siltstone, medium-gray, very ar-.
gillaceous, very calcareous, slightly

micaceous; grades into unit below.

sandy, very slightly calcareous.
4 ft ‘10 in., clay shale, medium-gray,
slightly silty, micaceous, noncalcare-
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Core Depth (feet) Remarks Core Depth (feet) Remarks
ous to slightly calcareous; irregular 73 '950-955 | Recovered 4 ft 8 in.: Microfossils absent.
: to poor shaly cleavage. Siltstone, medium-light-gray, argilla-
_____ 770-780 | Siltstone, with a small amount of clay ceous, noncalcareous, sligl}l’tly mica-
shale; cement contamination in sample ceous, with abundant crossbedded
from 770 to 775 ft. (dip as much as 10°) medium-gray
_____ 780-785 | Sandstone, medium-light-gray, very fine- clay shale laminae. Rare irregular
grained, very caleareous, with some laminae of very fine-grained sand-
argillaceous silt. . stone toward base of core.
_____ 785~800.| Clay shale, medium-gray; slightly silty in 74 955-960 { Recovered 1 ft 6 in.: Microfossils absent.
part. . Siltstone as above, with crossbedded
_____ 800-812 | Clay . shale, with siltstone, very small ) laminae and lenticles of clay shale.
amount of sandstone. 75 960-961 | Recovered 6 in.: Microfossils absent.

69 812-817 | Recovered 4 ft 6 in.: Microfossils absent. Claystone, medium-gray, noncalcare-

. Clay shale, medium-gray, nonsilty to ous, nonsilty; irregular fracture.
slightly silty, noncaleareous,” with | ..___ 961-965 | Siltstone, medium-light-gray, very sandy,
some micaceous partings. Shaly noncalcareous, very sericitie.

-cleavage poor; rare silty laminae; | ..._. 965-970 | Clay shale, medium-dark-gray, slightly

dip 1°-5°, with faint crossbedding. silty, noncalcareous, slightly micaceous.

...... 817-845 | Clay shale, medium-gray, silty, micaceous, | ..__. 970-980 | Biltstone, with small amount of clay shale.
nonbentonitic, with small amount of | ____. 980-990 |- Sandstone, light-gray, fine- to very fine-

argillaceous micaceous nonbentonitic : grained, silty, argillaceous, very slightly

] siltstone. . calcareous, very sericitic, nonbenton-

______ 845-865 | Siltstone, medium-light-gray, slightly to itic; composed of subangular grains of
very sandy, slightly micaceous, moder- clear and white quartz with some gray

. ately caleareous. chert and dark rock fragments. Small

70 865-870 | Recovered 4 ft 6 in.: Microfossils com- amount of clay shale at top of unit.
mon. ] aeaa- 990-1, 000 | Clay shale and sandstone, as above.

10 in., clay shale, medium-~ to medium- | ____.. 1, 000-1, 020 | Clay shale, medium-dark-gray, slightly
dark-gray, slightly micaceous, non- silty, finely micaceous, with a very
. calcareous; shaly cleavage poor; beds small amount of siltstone. Top of
approximately flat lying. Killik tongue of Chandler formation
6 in., claystone, medium-gray, very at 1,010 feet.
gilty, very micaceous, with lenticle of 76 | 1,020-1,025 | Recovered 2 ft: Microfossils absent.
siltstone at base. Claystone as above, but with rare silty
2 ft 1 in., clay shale as at top of core; . laminae dipping approximately 5°.
shaly cleavage poor at top, fair at 77 | 1,025-1,027 | Recovered 1 ft 6 in.: Microfossils absent.
base; beds flat lying to 5° dip. __ Claystone as in core 75 above.
1 ft 1 in., siltstone, medium-light-gray, | --.-_ 1,027-1,055 | Clay shale, medium-gray; slightly silty
mijcaceous, noncalcareous, with abun- except in lower FPart; with rare thin
‘dant laminae of medium-gray clay . beds siltstone. ragments of carbon-
shale that dip 6°. | : ized plant remains on some shale chips.
_____ 870~895 | Siltstone, medium-light-gray, very argil- | --.__| 1,055-1, 060 | No sample.
laceous, with clay shale increasing to | —._-. 1, 060-1, 075 | Clay shale, medium- to medium-dark-
) half of sample at base. : gray, very silty; grades to very argilla-
———— 895920 | Clay shale, medium- to medium-dark- ceous siltstone, in upper part; some in
gray, very silty in lower part. Small : lower part nonsilty.
amount of siltstone between 905 and | _____ 1,075-1, 080 | Siltstone, light-gray, very sericitic, mod-
920 feet. Clay ironstone at 900 feet; erately calcareous, and clay shale.
small chips of calcite grobably from a 78 | 1, 080-1, 085 | Recovered 5 ft: Microfossils absent.
veinlet, are rare. The top of the 6 in., siltstone, medium-light-gray,
Ninuluk formation is reflected by ditch sandy, argillaceous, noncalcareous
samples at 920 feet, and at 915 feet by with small fragments of carbonized
electric log; the latter is considered plant remains scattered throughout.
: more accurate. Irregular carbonaceous partings sug-

71 920925 | Recovered 4 ft 6 in.: Microfossils absent. gest 10°-12° dip.

P Sandstone, light-gray, salt-and-pep- 4 ft 6 in. claystone, medium-gray,
per, fine-grained, very slightly silty, slightly to very silty, slightly mica-~
noncalcareous. Grains subangular ' ceous, noncalcareous, with thin ir-
to angular clear quartz, with minor regular beds (up to one-balf in.
amounts of black chert and coal, thick) of siltstone, with small car-
white quartz, and white and gray bonized plant fragments common
chert. Sandstone, uniform, with ir- throughout. Subconchoidal frac-
regular fracture, no bedding. - Trace ture.
of oil and gas odor. Inoceramus’ 79 | 1,085-1,090 | Recovered 5 ft: Microfossils absent.

shell fragments at base. ' ) 1 ft 6 in., claystone, medium-gray, very
______ 925-930 | Sandstone, as in core 71 above. silty; grades to siltstone, medium-
cani 930945 | Sandstone as above, and medium-gray gray, very argillaceous, noncalcare-
) silty clay shale, : ous, micaceous, with scattered small

72 945-950 | Recovered 4 ft 6 in.: Microfossils absent. carbonized plant fragments; irregu-

Claystone, medium-gray, nounsilty,
noncalcareous; very slightly mica-
+ ceous in part; subconchoidal frac-
ture. Basal in. has abundant
crossbedded (dip as much as 15°);
laminae of medium-light-gray silt.

lar to subconchoidal fracture.

1 £t 9 in., claystone, medium-gray, non-
gilty, nonmicaceous, noncalcareous,
conchoidal fracture.

5 in,, clay shale, medium-dark-gray, -
with abundant fragments (maximum



TEST WELLS, UMIAT AREA] ALASKA.

Lithologic description—Continued

83

Lithologic description—Continued-

Core

Depth (feet)

Core
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81

82

1, 090-1, 100

1, 100-1, 105
1,105-1, 110
1, 110-1, 115,
1, 115-1, 120

1, 120-1, 150

1,150-1, 155 .
1, 155-1, 160

1, 160-1, 165
1, 165-1, 195

1,195-1, 213

1, 213-1, 223

1, 223-1, 233

1, 233-1, 243.

423224—58—2

Remarks
length 1 in.) of coaly plant remains.
Beds flat lying to 5° dip.

1 ft 4 in., sandstone, medium-light-
gray, very fine-grained, silty, argil-
Iaceous, noncalcareous, very seri-
citie, with carbonaceous particles in
streaks and patehes dipping 5°-10°.

Clay shale, medium-dark-gray, slightly
silty, with medium-light-gray, slightly
silty and argillaceous, noncaleareous, very
sericitic sandstone, composed of sub-
angular clear and white quartz, white
and gray chert, and dark rock frag-
ments.

Siltstone, light-gray, sericitic.

Siltstone and clay shale.

.Clay shale.

Sandstone, medium-light-gray, very fine-
grained, silty, argillaceous, moderately
calcareous, very sericitic.

Clay shale, medium-dark-gray, nonsilty to
very silty, with very small amount of
siltstone.

Sandstone, very fine-grained, and clay
shale.

Siltstone, medium-light-gray, slightly ar-

gillaceous, noncalcareous to slightly
calcareous.

Clay shale, very silty.

Interbedded sandstone, medium-light-

gray, very fine-grained, slightly silty,

argillaceous, moderately calcareous;

medium-gray very argillaceoussiltstone;
and medium-dark-gray shale.
Clay shale, medium-dark-gray, nonsilty to

- very silty, with small amount siltstone

and sandstone in lower part.

Recovered 9 ft: Microfossils absent.

4 ft 6.in., clay shale, medium- to medi-
um-~dark-gray, slightly to moderately
silty, with abundant siltstone laminae;
medium light gray and ecalcareous in
upper part. Irregular to poor shaly
clegvage; dip of laminae 5°-7°; faintly
crossbedded in part. = Grades into

. unit below.

3 ft 6 in., claystone, medium-dark-gray,
nonsilty, nonmicaceous, noncalcare-

~ ous; conchoidal fracture.

.1 ft, siltstone, medium-light-gray, very
argillaceous, noncalcareous, massive;
irregular fracture.

Recovered 10 ft: Microfossils absent.

1ft 9in., sandstone, medium-light-gray;
fine grained at top grading to very
fine grained with depth; silty, argil-
laceous, sericitic, nonecalcareous, with
clay laminae and carbonaceous part-
ir})gs5 oin lower part. Laminae dip

3 £t 3 in., siltstone, medium-gray, argil-
laceous, noncalcareous, micaceous,
with irregular laminae of clay shale
and very fine-grained sandstone.
Clay shale increases with depth;
grades into unit below.

5 ft, clay shale, medium-dark-gray, very
slightly silty, with scattered mica-
ceous siltstone laminae, with small
carbonized plant fragments scattered
throughout. Poor shaly to sub-
conchoidal fracture.

Recovered 10 ft: Microfossils absent.

b ft, claystone, medium- to medium-

.- dark-gray, noncalcareous, nonsilty to
slightly silty; subconchoidal fracture.

83

84

85

86

87

88

1, 2431, 253

1, 253-1, 258

1, 258-1, 268

1, 2681, 278

1, 278-1, 288

1, 288-1, 203
1, 293-1, 295

1 £t 9 in., siltstone, medium-gray, argil-
laceous, noncalcareous, with irregular
thin beds and laminae of clay shale.
Laminae dip 3°-5°. Gradésinto unit
‘below.

1t 3 in., sandstone, medium-light-gray,
very fine-grained, silty, argillaceous,
‘noncalcareous, micaceous, with

“streaks of carbonaceous material
" or clay dipping as much as 5°.

2-ft, siltstone, medium-gray, very ar-
gillaceous, noncalcareous, slightly mi-
_caceous, with streaks of light-medi-
um-gray -sandstone near top, and
laminae and streaks of medium-dark-
gray clay throughout; all dip as much as
10°. A few fine even laminae dip

* 5°-6°. Fracture irregular.
Recovered 9 ft: Microfossils absent.

7 ft 6 in., clay shale, medium-gray, very
silty, with abundant laminae of silt-
stone inh upper 2 ft; scattered irreg-
ular siltstone streaks in lower part.
Clay shale and siltstone both mica-
céous,noncalcareous and have irregular

- ..o poor shaly fracture.

1 ft 6 in., siltstone, medium-light-gray,
very slightly calcareous, with abun-
dant clay shale laminae and partings
dipping as. much as 5°; slightly eross-
bedded.

Recovered 5 ft: Microfossils absent.

Clay shale, medium-dark-gray, non-
calcareous, nonsilty to slightly silty,
micaceous; subconchoidal to poor
shaly cleavage. ‘

Recovered 10 ft: Microfossils absent.
7 ft 6 in., claystone, dark-gray, noncal-
- -.eareous, with conchoidal fracture.
A 6-in. bed of very fine-grained
slightly -~ caleareous sandstone, uni-
form except for rare small streaks of
clay shale 3 in. below top of core.

1 ft, interbedded clay shale and very
fine-grained sandstone; beds 2-3 in.
thick. -

1-ft 6 in., interbedded sandstone, very
fine- to fine-grained, and argillaceous
siltstone with abundant laminae and
partings of clay shale and carbo-
naceous clay shale. Dip ranges from
4° to 21°.

Recovered 10 ft: Microfossils absent.

2 ft, interbedded clay shale, medium-

- dark-gray, silty, noncaleareous;
and medium-light-gray noncalcareous

* giltstorie. "A nodule of light-olive-
gray noncaleareous clay ironstone
three-fourthsin. thick 21 in. below top
of core. Grades into unit below.

8 ft, clay shale, medium-dark-gray;
slightly silty in part, nonecalcareous,
irregular “to poor shaly cleavage.
Light-olive-gray nonecalcareous clay
ironstone nodules 1%4 in. thick at 2- to

- 3-ft intervals through core.

Recovered 6 in.: Microfossils absent.

Core barrel plugged; recovery consists
of small fragments of medium-dark-
gray clay shale.

No recovery.
Recovered 1 ft 4 in.: Microfossils absent.
1ft 1 in., clay shale, medium-dark-gray,

.. slightly to very silty.
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of angular to subangular grains of
clear and white guartz with minor

10 in., siltstone as at base of core 101
above.

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

3 in., clay ironstone, brownish-gray, gray chert and dark rock fragments,
hard, noncaleareous; conchoidal frac- Pyrite and biotite absent; muscovite
ture. . rare. -Sandstone uniform, massive.

1, 295-1, 305 | Recovered 9 ft: Microfossils very rare. QOil saturation, gas odor.
ft, claystone, medium-dark-gray; 95 | 1, 345-1, 350 | Recovered 4 ft 6 in.: Microfossils absent.
slightly sxltgl in part, noncalcareous, Sandstone as in core 94 above, but with
conchoidal fraeture. very rare streaks of carbonaceous

4 ft, sandstone, medium-light- to light- particles. Bottom 7 in. has 1- to
gray, very fine- to fine-grained, silty 2-in. layers of medium-gray nonsilty
to very silty, argillaceous, noncal- clay shale with subconchoidal frac-
careous; grain size decreases with ture, interbedded with crossbedded
depth; silt content increases. Clay sandstone dipping as much as 10°,
shale streaks and partings increase Oil saturation, gas odor,
from rare at top to abundant at base; 96 | 1,350-1, 355 | Recovered 1 ft 6 in.: Microfossils absent.

ip as much as 5°. Sandstone, medium-light-gray, very
1, 305-1, 315 | Recovered 10 ft: Microfossils very abun- fine-grained, very silty, argillaceous,
dant. micaceous, noncaleareous, uniform,

1 ft 3 in., clay shale, medium-dark- massive; composition as in core 94

ray, with conﬁ:lon siltstone laminae. above.  Oil and gas noted.

2 ft 9 in., sandstone, medium-light- 97 | 1,355-1,365 [ Recovered 10 ft: Microfossils absent.
gray, fine-grained, argillaceous, silty, Sandstone as in core 96 above, but with
noncalcareous, with streaks of very 1 in. of medium-gray clay shale at
fine-grained sandstone increasing with top. - Oil and gas noted.
depth. Common streaks and part- .98 | 1,365-1,375 | Recovered 10 ft: Microfossils absent.
ings of clay shale and carbonaceous Sandstone as in core 96 above. Oil
material become abundant with and gas noted.
depth. A 2-in. bed of medium-dark- 99 | 1,375-1, 383 | Recovered 1 ft 6 in.: Microfossils absent.
gray clay shale with faint medium- Sandstone as above, but with rare
gray clay laminae dipping 4° 9 in. streaks of clay and carbonaceous

. above base. Brownish-gray clay particles, and streaks of very ecal-
ironstone mass 1 in. thick, hard, with careous sandstone, Qil and gas
conchoidal fracture, above the shale. noted.

Standsltone saturated with light-grav-~ 100 § 1,383-1,393 | Recovered 7 ft 6 in.: Miecrofossils com-
ity oil. mon,

6 ft, clay shale, medium-dark-gray, 3 ft, siltstone, medium-gray, with
glightly silty to nonsilty, noncalcare- abundant irregular intercalations of
ous, with poor shaly to conchoidal clay and some very fine-grained sand-
fracture. This clay shale is at top of stone. Grades into unit below.
Grandstand formation. 4 ft 6 in., clay shale, medium-dark-

1, 315~1, 325 | Recovered 10 fi: Microfossils very abun- gray, noncalcareous, slightly silty,
‘ dant. with abundant siltstone intercala-

2 £t.6 in., clay shale as in lower part of tions - and lenticles in upper part
core 91 above. decreasing to rare at base. Rare

11 in., sandstone, medium-light-gray, small fragments of coal or carbo-
very fine-grained, with common very naceous material scattered through-
irregular thin streaks of clay shale out. A 1l-in. bed of medium-light-
throughout. gray very fine-grained sandstone 1 in.

6 ft 8 in., clay shale, medium-dark- above base.
gray, noncalcareous; becomes very 101 | 1, 393~1, 403 | Recovered 8 ft: Microfossils absent.
silty at top. Subconchoidal fracture : 1 ft 2 in., sandstone, light- to medium-

' grades to poor shaly cleavage. light-gray; fine grained at top to
1, 325-1, 335 | Recovered 10 Ft: Microfossils very abun- very fine grained at base; noncal-
dant. ) : careous, with. abundant intercala-

2 ft 6 in., clay shale as in core 92 above; tions and slightly crossbedded lami-
becomes silty at base; poor shaly nae of silt and clay shale dipping
cleavage grades to subconchoidal 5°-10°. Grades into unit below.
fracture. 5 ft 3 in., clay shale, medium-dark-

2 ft, interbedded silty clay shale, silt- gray, noncalcareous, slightly to very
stone, and very fine-grained calcare- silty, with laminae and streaks of
ous sandstone; beds -2 in. thick, siltstone abundant at top, decreasing
orossbedded, with dips as much as to rare at base.
15°. 5 in., sandstone, - medium-light-gray,

5 ft 6 in., clay shale, medium-dark- very fine-grained, silty, argillaceous;
gray, nonsilty to very slightly silty, composed of angular and subangular
noncalcareous; becomes fissile and clear and’ white gquartz with very
dark gray with depth. Small coal rare dark rock fragments, and scat-
fragments (up to omne-half ‘inch in . tered pyrite, muscovite, biotite, and
diameter) at base. Olive-gray hard coaly particles.

‘clay ironstone 1 in. thick, with con- 1 ft' 2 in., siltstone, medium-gray, very
choidal fracture, 214 ft above base. argillaceous, noncalcareous, slightly

1, 335-1, 345 | Recovered 5 ft: Microfossils absent. micaceous. Streaks of medium-light-

Sandstone, medium-light-gray, fine- gray very fine-grained sandstone as
grained, silty, argillaceous; -noneal- S much as 1 in, thick in lower part.
careous, slightly sericitic. Sandstone 102 | 1, 403-1, 409 | Recovered 6 ft: Microfossils absent.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
10 in., sandstone, medium-light-gray, 107 | 1, 444-1,454 | Recovered 10 ft: Microfossils absent.
very finie-grained, noncaleareous, with Clay shale, medium-dark-gray, very
laminagé of siltstone, clay, and rare slightly micaceous, noncalcareous,
carbonaeéous'  particles dipping with poor shaly cleavage or subcon-
§5°-10°, choidal fracture. Beds approxi-
2 ft 2 in,, clay shale, medium-dark- mately flat lying. Irregular silty
gray, '“fioncalcareous, silty, with ) laminae abundant in lower 6 in.
medium-gray siltstone laminae de- 108 | 1,454-1,464 | Recovered 10 ft: Microfossils rare.
creasing from abundant to very rare Clay shale as in core 104 with scattered
with depth. Lenticles (one-eighth in. laminae and beds (less than 1 in.
thick) of grayish-brown clay iron- thick) of medium-gray siltstone.
stone at top and 7 in. below top of Some laminae crossbedded. Poor
section. shaly to irregular cleavage suggests
2 ft 2 in., sandstone, light-gray, fine- beds lie approximately flat; siltstone
grained, silty, argillaceous, noncal- laminae dip as much as 8%, average
careous; grades to very fine grained °,
at base; fine clay intercalations in- 109 | 1,464-1,474 | Recovered 5 ft 4 in.: Microfossils very
crease from rare at toF to about a rare.
third of core at base. Intercalations Clay shale as above but lack silt lami-
‘are flat lying to 10° dip. : nae. Fissile in lower part. Dip as
Note: Cores 100-102 have cyclic bed- much as 5°.
ding, grading from shale to silt to | .____ 1, 474-1, 485 | Siltstone, light-olive-gray, sandy, cal-
sandstone from bottom to top. Top *  careous; grades to very fine-grained
contact: of each sandstone bed is sandstone in lower part; a small amount
sharp. - ) of medium-gray shale.
103 | 1, 409-1, 414 | Recovered 5 ft: Microfossils rare. | _____ 1,485-1, 490 | Clay shale, medium-dark-gray, slightly
Sandstone, medium-light-gray, very silty, micaceous.
fine-grained, silty, argillaceous, non- | _____ 1, 490-1, 495 | Sandstone, medium-light-gray, very fine-
calcareous, sericitic; composed of grained, slightly silty, very calcareous,
angular to subangular grains of white slightly micaceous, with a small amount
quartz with some clear quartz; siltstone and clay shale.
biotite and coaly or carbonaceous | .____ 1, 495~1, 500 | Clay shale, very to slightly silty, with silt-
particles - rare. Irregular intercala- stone, and a small amount of very fine-
tions of clay and patches of carbo- grained silty calcareous micaceous sand-
naceous material rare to common stone.
throughout. A 1-in. bed of light- | .. .. 1,500, 1, 505 | Sandstone as above, with siltstone and a
geay fine-grained sandstone 2 ft small amount of clay shale.
ahove base of core is underlain by 5in. | ____. 1, 505-1, 520 | Clay shale, with a very small amount of
. ' ’ “beéd of silty clay shale. giltstone and sandstone,
104 | 1, 414-1, 424 | Recovered 9 ft: Microfossils very abun- | _____ 1, 520-1, 530 | Siltstone, light-olive-gray and very slightly
, dant. calcareous to medium-light-gray and
Clay shalé, medium-dark-gray, slightly noncalcareous.
silty, ndnéalcareous, with shaly cleav- | ____. 1, 530~-1, 580 | Sandstone, medium-light-gray, very fine-
age grading from poor at top to fair to fine-grained, silty; slightly calcareous
at base. Rare streaks and small in part, slightly micaceous. A small
lenses of slightly crossbedded silt- amount of medium-dark-gray clay shale
stone and silty clay shale in upper and medium-light-gray siltstone in
part. A 3-in. section of light- lower 20 feet.
yellowish-gray clay ironstone 4 ft | _____ 1, 580-1, 605 | Clay shale, dark- to medium-dark-gray,
below top of core. Beds lie approxi- nonsilty to very silty, with small-
mately flat. _ amount of siltstone.
105 | 1, 424-1,434 | Recovéred 7 ft: Microfossils common. | _____ 1, 605-1, 615 | Sandstone, very fine-grained, with some
Clay shale ‘a8 above, with very rare giltstone.
SI:;H streaks of siltstane in upper 110 | 1, 615-1,625 | Recovered 8 ft 6 in.: Microfossils com-
part. ( mon.
106 | 1,434~1, 444 | Recovéred 10 ft: Microfossils absent. Clay shale, medium-dark-gray, non-
2 ft 7 in., clay shale as in core 104. caleareous, nonsilty to slightly silty;
11 in., ‘sandstone, medium-light-gray, fair shaly cleavage; beds approxi-
very fine- to fine-grained, argilla- mately flat lying.
ceous, silty, slightly to modetately cal- 111 | 1,625<1,635 | Recovered 10 ft: Mierofossils abundant.
careous, very slightly micaceous. Clay shale as above; poor shaly cleav-
Rare small irregular patches of dark- age, }
gray clay shale. 112 | 1, 635-1, 645 | Recovered 10 ft: Microfossils very abun-
3 in., clay shale as above. dant.
1 ft 2 in., siltstone, medium-light-gray, Clay shale as above.
very sandy, argillaceous, with abun- 113 | 1, 645~1, 651 | Recovered 6 ft: Microfossils abundant.
dant streaks and laminae clay shale, 1 ft 4 in., sandstone, medium-light-gray,
some of which are broken and fine-grained, slightly silty, argilla-
slightly distorted. ceous, noncalcareous, slightly micace-
9 in., clay shale as above. ous, composed of subangular to sub-
1 ft 4'in., siltstone as above with | round grains of clear and white
lafhinae and %-in. beds of clay shale. vartz, white and gray chert, and
3 ft,'clay shale as above, with irregular rk rock fragments. Streaks and
) silfstone laminae dipping as much pa.tcélgssoof carbonaceous material
dip 2°-5°,

as'8°
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4 £t 8 in., clay shale as above with poor particles common in upper 2 ft,
shaly cleavage. At 1,648 ft is'a 1-in. usually in small patches. good odor
by 2-in. mass of pale-yellowish-brown and fair saturation of oil were noted.
slightly calcareous clay ironstone; 119 | 1,743-1,745 | Recovered 1 ft 6 in.: Microfossils absent.
grades into surrounding clay shale. | Sandstone as above.

Lower 1 ft of clay shale silty; con- 120 | 1,745-1, 755 | Recovered 9 ft: Microfossils absent.
e tains patches of sandy silt and sand. . Sandstone as above, but bottom 4 ft
_____ 1,651-1, 675 | Sandstone, medium-light-gray, very fine- has fair bedding-plane cleavage.

. grained, very silty; grades into light- Beds approximately flat lying.

olive-gray argillaceous nouncalcareous 121 | 1,755-1, 765 | Recovered 9 ft 6 in.: Microfossils absent.

) siltstone. Sandstone as above, but massive.

~=--+} 1,675-1,680 | No sample. 122 | 1,765-1, 772 | Recovered 6 ft: Microfossils absent.

_____ 1, 680-1, 693 | Clay shale, medium-dark- to dark-gray, Sandstone as above.
nonsilty to very silty, with a very small 123 | 1,772-1, 782 | Recovered 7 ft 6 in.: Microfossils absent.
) araount of siltstone. ' Sandstone as above but with spotty
114 | 1, 693-1, 703 | Recovered 10 ft: Microfossils very abun- | oil odor. -

dant, : 124 } 1,782-1, 792 | Recovered 9 ft 6 in.: Microfossils absent.

Clay shale, medium-dark-gray, non- | Sandstone as above; a 2-in. unit at
calcareous, nonsilty ; poor shaly cleav- 1,790 ft has abundant carbonaceous
age to subconchoidal fracture. A laminae dipping 5°; 1 in. below
6-in. section of medium-light-gray laminae is mass of light-brownish-
fine-grained sandstone with streaks gray hard noncalcareous clay iron-
of clay shale and rare patches of stone approximately 1 in. thick.
carbonaceous material at 1,696 ft; 125 | 1,792-1, 800 | Recovered 2 ft 6 in.: Microfossils absent.
very slightly calcareous, silty, and Sandstone as above.
argillaceous. A 3-in. bed of very 126 | 1, 800-1, 810 | Recovered 4 ft 6 in.: Microfossils very
sandy medium-gray noncalcareous abundant.
siltstone at base of core. Pelecypod | 1 ft 6 in., interbedded sandstone as
shell fragments and Y%-in. nodule of | above, and clay shale, medium-dark-
pyrite in shale a few inches above gray, slightly silty, noncalcareous,
sandstone. Beds approximately flat with poor shaly cleavage, infiltrated

: . lying. . . with drilling mud.

115 | 1, 703~1, 713 | Recovered 10 ft: Microfossils absent. 3 ft, clay shale, medium-dark-gray,
: Clay shale as above, but micaceous and nonsilty to slightly silty, noncal-

silty in lower 1 ft. Pelecypod shell careous, friable, with poor shal

fragments (Corbula? sp.) in lower | cleavage. Badly infiltrated wit
~half of core. Beds approximately | drilling mud. A 1-in. bed of sand-
. flat lying. . stone with alternating crossbedded
116 | 1,713-1, 723 | Recovered 10 ft: Microfossils common. laminae of light-gray medium-grained

Clay shale, medium-dark-gray, non- and medium-light-gray fine-grained
calcareous, very silty, slightly mi- sandstone at 1,808 ft.
caceous. Peleeypod shells (Corbula | 127 | 1, 810-1, 816 | Recovered 2 ft 6 in.: Microfossils very

o . ) . 8p.) in upper half of core. abundant.

117 | 1,723-1, 733 | Recovered 10 ft: Mierofossils abundant. Clay shale as above.

- 5 ft, clay shale as above, with seattered | _____ 1, 816-1, 818 | No sample.

streaks and grains of pyrite. A 7-in. | _____ 1, 818-1, 825 | Sandstone, light - gray, fine - grained,
bed of sandy siltstone with inter- slightly silty, noncalcareous, soft; com-~
calations of clay shale at 1,725 ft. posed of subangular to subround grains
Lower part has abundant intercala- of clear and white quartz, with some
tions of siltstone and fine-grained | dark rock fragments and pyrite.
sandstone, with some carbonaceous | _____ 1, 825-1, 830 | Clay shale, dark-gray, slightly carbona-
streaks. Grades into unit below. ceous, slightly micaceous, with sand-~

2 ft 4 in., sandstone, medium-light-gray, | stone.
fine-grained, with abundant inter- | ___._ 1, 830-1, 875 | Sandstone, as between 1,818 and 1,825
calations of clay shale, siltstone, and | ft, with very small amount of clay
carbonaceous material in upper part; | shale between 1,830 and 1,840 ft and
intercalations become rare with depth. 1,845 and 1,850 ft.

Carbonized plant fragments in lower | ... ._ 1, 8751, 885 | Clay shale, medium-dark-gray, with some
part of sandstone. sandstone.

2 ft.8 in., clay shale, medium-dark- | ._._.| 1, 8851, 910 | Sandstone, light-gray, fine-grained; be-
gray, slightly to very silty, with | comes very fine grained, caleareous to
abundant intercalations of sandstone | nonealeareous downward; composed of

o and siltstone, some of which; are | white and clear quartz, small amount

h slightly crossbedded. : of gray chert, and dark rock fragments,

118 | 1, 733-1, 743 | Recovered 8 ft: Mierofossils common. 128 | 1,910-1,920 | Recovered 4 ft: Microfossils very
RS 31t 4 in., clay shale, medium—da.rk-grag, . abundant.

nonsilty to slightly silty, noncal- Drilling mud with fragments of friable

careous, with siltstone and sandstone medium-dark-gray clay shale as

intercalations in upper 6 in. above. A 1-in. fragment of medium-

4 ft. 8 in., sandstone, medium-light- ) light-gray medium-grained noncal-
gray, fine- to medium-grained, ar- caréous sandstone at base of core.
gillaceous, noncalcareous, massive; | _____ 1, 920-1, 970 | Sandstone as in core 128 above, with

composed of subangular to sub-
rounded grains of clear and white
quartz, with some gray chert and
dark rock fragments. Carbonaceous

small amount of medium-dark- to
dark-gray. very slightly silty slightly
micaceous clay shale which is most
common between 1,940 and 1,955 ft.
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..... 1, 970-2, 020 | Clay shale, medium- to medium-dark- siltstone laminae and intercalations
) gray, nonsilty to very silty, very dipping 1°-15°. Slickensides on a
slightly micaceous. Some loose sand few surfaces in upper 1 ft.
in ditch samples between 1,980 and 2 ft, interbedded clay shale as above
2,010 ft probably contamination from and medium-light-gray noncalcare-
overlying sandstone. A reverse fault ous argillaceous sandy siltstone, with
repeats beds of the Killik tongue: crossbedded argillaceous laminae
between 2,010 and 2,085 feet. : dipping 1°~10°. " Individual beds 1-6
_____ 2, 020-2, 030 | Sandstone, light-gray, very fine-grained, in. thick; siltstone totals more than
silty, slightly calcareous, with clay half of unit.
shale and very small amount .of 135 | 2, 202-2, 297 | Recovered 5 ft: Microfossils abundant.
siltstone. Interbedded clay shale and siltstone as
_____ 2,030-2, 055 | Clay shale, medium-dark-gray, nonsilty above; clay shale totals three-fourths
to very silty; grades to very argillaceous of upper half of core, and siltstone
siltstone in lower part. makes up two-thirds of lower half.
_____ 2, 055-2, 080 | Clay shale, with increasing siltstone and Two %-in. beds of brownish-gray clay
a 'small amount of sandstone which ironstone in siltstone at 2,296 ft and
increases somewhat with depth. a l-in. bed at 2,296 ft.
_____ 2, 080-2, 100 Clzgf shale, medium-dark-gray. Top of 136 { 2, 297-2, 302 | Recovered 5 ft: Mierofossils common.
tandstand formation where it is Sandstone, medium-light-gray, very
g repeated by faulting is at 2,085 ft. fine-grained, silty, and argillaceous,
_____ 2,100-2, 115 | Clay shale with sandstone, light-gray, very slightly calcareous, micaceous,
very fine-grained, very small amount massive; composed  of subangular
of siltstone. ‘ grains of clear and white quartz,
_____ 2, 115-2, 125 | Sandstone as above, with some clay shale. gray chert, and dark rock fragments,
_____ 2, 125-2, 185 | Interbedded sandstone, siltstone, and clay with some carbonaceous particles.
shale; some fissile carbonaceous clay Lower half of core has beds of
shale at: 2,145 ft. medium-dark-gray silty clay shale ¥%4-3
..... 2, 185-2, 250 | Clay shale, medium-dark-gray; silty in in. thick, totaling a third of the rock.
part, with a small amount of siltstone Irregular laminae of silt in clay
and sandstone. shale, and clay shale in sandstone
_____ 2, 250-2, 252 | Siltstone, medium-light-gray, argillaceous dip 1°-6°. Strong odor of oil and
to sandy, very calcareous, with a very gas; core bled oil.
small amount of clay shale and 137 | 2,302-2, 307 | Recovered 2 ft: Microfossils rare.
sandstone. ‘ 10 in., clay shale, medium-dark-gray,
129 | 2, 252-2, 257 | Recovered 4 ft: Microfossils absent. silty, noncalcareous, slightly mica-
Clay shale, medium-dark-gray; slightly ceous, with intercalations of medium-
silty in part, noncalcareous, with: gray siltstone.
scattered, faint, slightly crossbedded 1 ft 2 in., sandstone, medium-light-
laminae of silty medium-gray clay gray, fine-grained, very slightly silty,
shale. Fair shaly cleavage dips as argillaceous, noncalcareous. - Fair
. much as 10°. bedding-plane cleavage suggests flat-
130 | 2, 257-2, 266 | No recovery; bit plugged. lying beds. Strong oil and gas odor;
131 | 2, 266~2, 271 | No recovery; bit plugged. cores bled oil.
132 | 2, 271-2, 276 | No recovery; bit plugged. 138 | 2, 307-2, 309 | Recovered 2 ft: Microfossils absent.
_____ 2, 276-2, 277 | No sample. Sandstone as above.
133 | 2, 277-2, 287 | Recovered 10 ft: Microfossils rare. 139 | 2,309-2, 314 | Recovered 5 ft: Microfossils very rare.
1 in., clay shale and dark-brownish- Sandstone as above, but very fine- to
gray clay ironstone. fine-grained. @ Beds approximately
8 in., sandstone, medium-gray, fine- flat lying.
grained, noncalcareous, with abun- 140 | 2, 3142, 318 | Recovered 3 ft 6 in.: Microfossils absent.
i dant intercalations of dark-gray Sandstone as above.
micaceous clay shale. 141 | 2,318-2, 327 | Recovered 9 ft: Microfossils absent.
10 in.; clay shale, medium-dark-gray, Sandstone as above. Beds approxi-
5 s;er)% slightly sx(lii;y, noncalc(zixreous. mately flat lying.
t in., sandstone, medium-gray, = ANR .
very fine-grained, very silty, argil- 142 | 2, 327-2, 337 Rescovgrctad 6ft6 én.. Microfossils absent.
laceous, noncalcareous, micaceous, anasioneé as above. ‘
with some intercalations of clay 143 | 2,337-2, 347 | Recovered 9 ft: Microfossils very rare.
shale in upper 6 in. Common silt- 3 ft 6 in., sandstone as above, but more
stone laminae and carbonaceous '~ massive. Carbonaceous partings in
partings dip 3°-8°. A 6-in. unit at 1-in. unit at 2,339 ft dip 13°. =
2,281 ft contains abundant lenticles 5 ft 6 in., sandstone, medium-light-
and intercalations of medium-dark- gray, very fine-grained, very siity,
gray clay shale, argillaceous, noncaleareous, mica-
1 ft 9 in., sandstone as above, but ceous, massive. ‘Rounded 1-in. mass
with intercglations of medium-dark- of f.i'lrlle-gramedms‘%ggstone lat 2,341 ft t:
gray clay shale increasing with depth argiliaceous, micaceous laminae &
from 2 t0 20 percent of the rock. 2,342 ft dip 15°-17°. Nearly verti-
1 ft 2 in., claystone, medium-dark-gray, cal calcite veinlet in lower foot of
slightly to very silty, noncalcareous, - core.
with irregular fracture. Slickensides 144 | 2, 347-2, 357 | Recovered 10 ft: Microfossils abundant.
on some surfaces. 2 ft, sandstone as above, with vertical
134 | 2, 287-2, 292 | Recovered 5 ft: Microfossils common. calcite veinlets.

3 ft, ‘clay shale, medium-dark-gray,

sily, noncalcareous, with eommon

medium-dark-gray,

7 in.,, claystone,
micaceous,

slightly to very silty,



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

Lithologic description—Continued

Lithologic descrintion—Continued

Core Depth (feet) Remarks Core Depth (feet) Remarks
noncalcareous, with subconchoidal maas of medium-dark-gray silty clay-
fracture, _stone 2 in. in diameter at top of
3 ft 5 in., sandstone, medium-light- laminated unit. A 14-in. bed of silty
gray, very fine-grained, very silty, medium-gray claystone at 2,562 ft,
argillaceous, slightly calcareous, mi- and irregular mass of clay ironstone,
caceous, with argillaceous laminae. . approximately 1% in. thick, at base.
dipping 1°-17°. Rare 1-in. clay- 151 | 2, 563-2, 568 | Recovered 5 ft: Microfossils common.
stone beds in lower part. Grades to 1 ft 2 in. sandstone, very fine-grained,
siltstone at base. and medium-dark-gray silty clay-
4 ft, claystone, medium-dark-gray, stone intermingled in irregular masses
nonsilty to very silty, nonecalcareous; and thin beds. Rare carbonaceous
irregular fracture. re laminae and partings in sandstone dip as much
thin beds (1 in. or less) of medium- as 15°.
gray siltstone; 3-in. bed of siltstone 3 ft 10 in., sandstone, very fine-grained,
with argillaceous laminae in basal 1 massive, uniform as in core 150.
ft of core. 1562 | 2, 568-2, 573 | Recovered 5 ft: Microfossils very rare.
145 | 2,357-2, 365 | Recovered 8 ft: Microfossils common. Sandstone, medium-light-gray, very fine-
Claystone 23 above, with rare inter- grained, as above, but with common
calations of siltstone. laminae of micaceous c¢lay shale and
146 | 2, 365-2, 870 | Recovered 5 ft: Microfossils very abun- carbonaceous partings dipping 1°-
dant. 10°, with some slight crossbedding.
Claystone as above. Most laminae even and subparallel,

_____ 2, 370-2, 390 | Interbedded clay shale, slightly to very some irregular and undulating. A
silty, siltstone, and small amount of 1-in. bed of medium-dark-gray clay-
sandstone. . stone at 2,570 ft and 2-in. bed at

_____ 2, 300-2, 425 | Clay shale, medium-dark-gray, silty, very . base of core.
finely micaceous; rare fragments of dark- | 153 | 2, 578-2, 578 | Recovered 5 ft: Microfossils very abun-
gray to grayish-black clay. dant.

_____ ‘2,425-2 430 | Clay shale as above with some very Clay shale, medium-dark-gray, very
slightly calcareous silistone and sand- slightly silty and micaceous, noncal-
stone. careous; very poor shaly cleavage

_____ 2, 430-2, 435 | No sample. ) . dips less than 5°.

..... 2, 435-2, 440 | Sandstone, medium-light-gray, very fine- | _____| 2, 578-2, 585 | Interbedded sandstone, very fine-grained,
grained, very silty, argillaceous, very silty, argillaceous, noncalcareous, and
slightly caleareous, with some clay shale medium-dark-gray clay shale.
and siltstope. b ____ 2, 585~2, 595 | Clay shale, dark-gray, nonsilty to slightly

_____ 2, 440-2, 445 | Siltstone, sandy, similar to the sandstone silty, very finely micaceous, with small
above, with a small amount of clay amount of very fine- to fine-grained
shale. sandstone,

----- 2,445-2, 455 | Siltstone, grading to very fine-grained | _____| 2, 595-2, 600 | Sandstone, fine-grained, with very small
sandstone, and clay shale. amount of clay shale. .

----- 2, 445-2, 500 | Biltstone, grading to sandstone, with some | ____.| 2, 600-2, 625 | Clay shale, medium-dark-gray, and very
clay shale; siltstone decreases with depth small amount of sandstone.
as clay shale increases to make up all | _____ 2, 625-2, 635 | Sandstone, light-gray, very fine- to fine-
the rock. . L grained, slightly silty, very slightly

_____ 2, 500-2, 515 | Clay shale, with some siltstone and light- calcareous, with commeon carbonaceous
gray very fine- to fine-grained silty ar- particles in lower part; with medium-
gillaceous sandstone composed of sub- dark-gray clay shale.
angular to subrounded grains of white | _____ 2, 635-2, 660 | Clay shale, medium-dark-gray, nonsilty
and clear quartz with some gray chert to very silty.
and dark rock fragments. Mica:very 154 | 2, 660-2, 670 | Recovered 8 ft: Microfossils absent.
rare. ] : Sandstone, medium-light-gray, very

_____ 2, 515-2, 537 | Sandstone, as described between 2,500 and . fine- to fine-grained, argillaceous,
2,515 ft above. ' ) silty, very slightly micaceous, non-

147 | 2, 537-2, 542 | Recovered 5 ft: Microfossils very rare. calcareous to slightly calecareous,
Sandstone, medium-light-gray, very fine- massive, uniform. Sandstone of sub-
grained, silty, argillaceous, noneal- angular grains of white and clear
careous to very slightly calcareous, quartz with some chert and dark
very slightly micaceous, masgsive, uni- rock fragments. Rare scattered
form. Sandstone composed of sub- | . grains of limonite.
angular grains of clear and white | 155 | 2 670-2, 680 | Recovered 1 ft 6 in. (bit plugged): Micro-
quart(;lz, lzvhlt(le( fzmd gra;y chert, and fossils absent.
‘ rare dark rock fragments. o Sandstone, as above.
148 | 2, 542-2, 547 Resc;)r\l'g;:gng ;:.atl)\g;c;ofossﬂs absent. 156 | 2, 6802, 682 | No recovery; bit pl.ugged. .
149 | 2, 547-2, 557 | Recovered 10 ft: Microfossils absent,. 157 | 2, 682-2, 688 | Recovered 6 ft: Microfossils absent.
' 8 ft 6 in., sandstone as above, massive, f Bandstone as above, but very fine
uniform. grained, with common intercalations
1 ft 3 in., clay shale, medium-dark- and laminse of medium-dark-gray
gray, silty, poor shaly cleavage, with clay shale between 2,684 and 2,685 ft.
rare siltstone laminae. 1568 | 2, 688-2, 695 | Recovered 7 ft: Microfossils absent.
3 in., sandstone as above. ) ' Sandstone as above but with fair
150 | 2, 557-2, 563 | Recovered 5 ft: Microfossils very rare. bedding-plane cleavage suggesting a

Sansdtone as above; lower 1 ft 9 in. has
common carbonaceous laminae dip-
ping 10°-15°; irregular subangular

dip,of spproximately 5°. Rare faint-
1y cros%edded silty laminae in units
2-3 in. thick,
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Core Depth (feet) - -{,. Remarks Core Depth (feet) Remarks
1569. | 2, 695~2, 705- | Recovered 10 ft: Microfossils absent. 170 | 2, 833-2, 843 /| Recovered 10 ft: Microfossils absent.
Sandstone as above, but slightly 5 ft 8 in,, sandstone as above, with
coarser and more massive in upper common intercalations of medium-
3 ft. Two Y%4-in. streaks of limonitic dark-gray clay shale, and carbo-
clay 1 ft below top of core dip naceous micaceous laminae dipping
approximately 5°. . 8°-10°.

160 | 2,705-2, 715 | Recovered 9 ft: Microfossils absent. 4 ft 4 in., claystone, medium-dark-gray,

. . Sandstone as above, but massive except slightly to very silty, with intercala-
for bottom 2 ft. Scattered inter- tions and beds (less than 2 in. thick)
calations of limonitic clay between of medium-gray sandy siltstone.
2,706 and 2,707 ft. Top of Topagoruk formation at

161 | 2,715-2,718 | Recovered 3 ft: Microfossils absent. approximately 2,840 ft.

: : {4 Sandstone as above, with a }4-in, bed 171 | 2, 843-2, 853 | Recovered 10 ft: Microfossils absent.
containing abundant coarse sub- . 8 ft 3 in., siltstone, medium-gray, very
angular grains of coaly material and argillaceous, partly sandy, micaceous,

. hematitic clay. noncaleareous, with intercalations of

162 | 2,718-2, 728 | No-recovery. medium-dark-gray micaceous clay

163 | 2, 728-2, 733 | Recovered 5 ft: Microfossils absent. shale and medium-light-gray mica-

Sandstone as above but with common ceous sandstone. Clay shale com-

subparallel laminae of clay shale, dip- mon in beds }4~1 in. thick between

! ping 10°-15° between 2,730 and 2,732 2,845 and 2,849 ft. Grades into unit
_ ft. A %4-in. lamina of light-brownish- below.

. gray clay ironstone at 2,731 ft. 1 ft 9 in,, sandstone, medium-light-

164 | 2,733-2, 743 | Recovared 10 ft: Microfossils absent. gray, very fine-grained, very argilla-

. Sandstone as above, massive, uniform. ceous, silty, micaceous, noncalear-
Medium-dark-gray claystone laminae eous. Upper part has faint car-
and intercalations in lower 3 ft; bonaceous partings dipping approxi-
laminae, commonly micaceous and . : - mately 10°.

L earbonaceous, dip 3°-15°. 172 | 2, 853-2, 858 | Recovered 1 ft 6 in.: Microfossils rare.

165 | 2,743-2, 748 | Recovered 5 ft: Microfossils absent. 1 1ft, siltstone as above.

: o Siltstone, medium-gray, argillaceous, 6 in., claystone, medium-dark-gray,
i very micaceous, noncalcareous. very silty, micaceous, noncalcareous,
Sandstone and silty clay shale with irregular fracture. Irregular
laminae and intercalations in lower . silty intercalations in upper part.
half of core; laminae dip 10°-15°. 173 | 2, 858-2, 865 | Recovered 7 ft: Microfossils very rare.

166 | 2, 7482, 758 | Recovéred 4 in.: Not sampled for micro- Claystone as above; very rare pyritized
ogsils. and - carbonized plant fragments

| Claystone,  medium-dark-gray, very scattered throughout.

L .- .silky, noncalcareous. : 174 | 2, 865-2, 875 | Recovered 10 ft: Microfossils common.

167 | 2,758-2,759 | Recovered 2 in.: Not sampled for micro- 8 ft 11 in., claystone as above, slightly
fossils. to very silty. .

Claystone as above, but less silty. 1 £t 1in., sandstone, medium-light-gray,
----- 2, 759-2, 765 | Clay shale, with a small amount of silt- very fine-grained, very silty, argil-
. . stone and sandstone. laceous, slightly calcareous,’ mica-
_____ 2, 765~2, 775 | Siltstone, medium-light-gray, with a smal] ceous, with faint carbonaceous, mica-~
; amount of sandstone and clay shale. ceous partings and clay shale laminae
_____ 2, 775-2, 795..| Clay shale, with some siltstone in upper dipping 5°-12°. Fracture irregular.
- -5 ft, and a very small amount of sand- 175 | 2, 875~2, 885 | Recovered 8 ft: Microfossils very rare.
‘stone and siltstone decreasing toward 4 ft 6 in., interbedded sandstone and
base of unit. claystone as above; beds ¥-6 in.
_____ 2, 795-2, 800 | No sample. thick, about half sandstone and half
_____ 2, 800-2, 810 { Clay shale with a small amount of silt- claystone.
stone at top. 3 ft 6 in., claystone as above but only
_____ 2, 810~2, 820 | Sandstone, very fine-grained, as in core slightly silty and micaceous.
168. 2, 885-2, 890 | Clay shale, sandstone, and siltstone.
168 | 2, 820-2, 825 | Recovgred b ft: Microfossils absent. | _ ___ 2, 890-2, 950 | Clay shale, medium-dark- to dark-gray,
Sandstone, medium-light-gray, very nonsilty to very silty, with rare silt-
fine-grained, silty, argillaceous, very stone in upper 25 ft.
mjcaceous, very slightly caleareous, | 2, 950-2, 955 | Clay shale, with siltstone, medium-light-
massive, uniform. ) sand argillaceous, n 1
169 | 2, 825-2, 833 | Recovered 8 ft: Microfossils absent. A AR » honcal-
) 5 ft, sandstone as above, but with faint : o, .
: argillaceous laminae in lower part | ----- 2, 955-2, 981 | Clay shale, with rare siltstone.
dipping 3°-8°. A Y4-in. bed of clay 176 | 2, 981-2, 986 | Recovered 5 ft: Microfossils absent.
ironstone at 2,528 ft. Grades into Sandstone, medium-light-gray, very
unit below. - fine-grained, very silty, argillaceous,
7 in., siltstone, medium-gray, sandy, very slightly calcareous, slightly
argillacedus, noncalcareous, with car- micaceous, massive, uniform. Sand-
7! 'benaceous pafticles and intercala- stone composed of subangular grains
‘-tigns- of -dark-gray clay shale; rare of clear and white quartz with gray
patches of pyrite. chert and dark rock fragments and
2 ft 5 in., sandstone as above, but very carbonaceous particles. Spotty oil
saturation and odor, i

calcareous, hard,
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ceous, sandy, noncalcareous. Beds
1-6 in. thick and about half siltstone
and half claystone. Rare faint

Core Depth (feet) Remarks Core Depth (feet) Remarks
177 | 2,986-2, 996 | Recovered 10 ft: Microfossils absent. sli%htly carbonaceous laminae -dip
Sandstone as above, with' vertical .
- calcite veinlets. 186 | 3, 507~3, 512 | Recovered 5 ft: Microfossils common.
178 | 2, 996-3, 001 | Recovered 5 ft: Microfossils absent. Claystone as in core 183 above, with
: Sandstone as above, with vertical : seattered thin siltstone intercalations.
calcite veinlets; bottom 1 ft lacks 187 | 3, 512-3, 5622 | Recovered 10 ft: Microfossils common.
veinlets, but has ecarbonaceous Claystone and siltstone, interbedded,
: ’ partings dipping 10°-12°, ag in core 185 above, with beds 1-12
179 | 3, 001-3, 011 | Recovered 10 ft: Microfossils absent. in, thick.
: Sandstone as above, massive, uniform, 188 | 3, 522-3, 5632 | Recovered 10 ft: Miecrofossils abundant.
: lacks veinlets. Clay shale, medium-dark-gray, non-
180 | 3,011-3,016 | No recovery. calecareous, slightly to very silty, with
_____ 3, 016~3, 020 | Clay shale with some siltstone. . : scattered medium-gray siltstone in-
_____ 3,020-3, 085:;| Clay shale, medium-dark-gray; grades to |- tercalations. Very poor shaly cleav-
: 1 dark-gray with depth. Small amount ~ age suggests a dip of 1°-5°,

of siltstone from 3,030 to 3,040 ft and | _____ 3, 632-3, 640 { Clay 51ale, medium—dpark-gray, with very

from 3,050 to 3,055 ft; elsewhere very small amount of very argillaceous

rare, ' slltstone.
_____ 3, 085~3, 095 | Sandstone, medium-light- to medium- | _____| 3, 840-3, 650 | No sample. .
gray, very fine-grained, slightly cal- | _____ 3,850-3, 725 | Clay shale, with argillaceous medium-

‘careous, with a large amount of clay light- to olive-gray, slightly calecareous

shale in upper part. siltstone which makes up 5-40 percent

______ 3, 095-3; 160 | Clay shale, with rare brownish-gray silt- of the rock. Siltstone at bottom of
. stone. . unit is brownish gray, noncaleareous.
_____ 3,160-3, 210 | Clay shale, with siltstone, brownish-gray; | _____| 8, 725-3, 835 | Clay shale, medium-dark-gray, slightly to
P e very sandy in part, calcareous. very silty; abundant fine particles of
_____ 3, 210-3, 225 | Clay shale, slightly to very silty. pyrite in shale at 3,820 ft. Very rare
_____ 3, 225-3, 250 | Clay shale and medium-gray, very argil- giltstone.
laceous siltstope. . 3, 835-3, 845 | Sandstone, brownish-gray, very fine-
_____ 3, 250-3, 345 | Clay shale, slightly to very silty, with grained, very argillaceous, silty, with
~ rare siltstone. siltstone that is similar but finer grained
_____ 3, 345-3, 350 | No sample. and medium-dark-gray clay shale.
_____ 13, 350-3, 395 | Clay shale with rare siltstone. -----| 3,845-3,985 | Clay shale, medium-dark-gray, partly
181 { 8, 395-3, 405 | Recovered 10 ft: Microfossils abundant. silty, finely micaceous.

5 ft, claystone, medium-dark-gray, | _____ 3, 985-4, 070 | Clay shale as above, but with rare silt-
slightly to very silty and sandy, non- stone at 3,985-3,995, 4,030-4,040, and
calcareous, micaceous, with scattered 4,065-4,070 ft.
patehes and streaks of pyrite and car- | _____ ‘4, 0704, 075 | Siltstone, medium-gray, sandy, very
bonaceous particles. Irregular frac- slightly calcareous, with small amount
ture. . : - of clay shale,

5 ft, silistone, medium-gray, very | _____ 4, 075~4, 080 | No sample.
sandy, argillaceous, noncalcareous, | _____ 4, 080-4, 085 | Clay shale with small amount siltstone.
micaceous, with patches of medium- 189 [ 4, 085-4; 090 | Recovered 3 ft 6 in.: Microfossils common.

' dark-gray clay. Clay shale, medium-dark-gray, non-
182 | 3,405-3, 415 | Recovered 10 ft: Microfossils very abun- silty to slightly silty, noncalcareous,
: . dant. very poor shaly cleavage, with rare

6 ft, claystone, medium-dark-gray, intercalations and laminae of me-
slightly to very silty, noicalcareous, dium-gray siltstone. Laminae slightly
micaceous. Irregular fracture. crossbedded and dip 3°-10°.

4 ft, siltstone, medium-gray, very argil- 190 | 4, 090-4, 095 | Recovered 5 ft: Microfossils common.
laceous, very slightly pyritic, non- Clay shale as above.
calcareous, with intercalations of 191 | 4, 095-4, 104 | Recovered 8 ft 6 in.: Microfossils abun-
medium-dark-gray claystone. Irreg- ant.
ular fracture. Clay shale as above.

183 | 3,415-3,425 | Recovered 10 ft: Microfossils very abun- 192 | 4,104-4, 114 | Recovered 10 ft: Microfossils abundant.
dant. . Clay shale as above.

Claystone, medium-dark-gray, very |- ____ 4, 114-4, 155 | Clay shale, medium-dark-gray, with very
silty, micaceous, noncalcareous, mas : small amount of siltstone decreasing to
sive, uniform. = Irregular fracture. rare with depth. Fragments of calcite
Small patches of carbonized plant re- veins in lower part; a few pieces of gray-

184 | 3 3 R mamg sscza%t‘o‘erfg throughout. ish-black shale found in botton 10 ft.
4 | 3,425-3,430 eé?:;;sone ast ébo‘lrzrofossﬂs common. | 4,155-4, 176 | Clay shale and sandstone, interbedded,
_____ 3, 430-3, 465 | Clay shale, with rare siltstone, medium- medium-light-gray, very fine-grained,
light-gray; slightly calcareous in part.. ) argillaceous, silty, slightly calcareous.
______ 3, 465-3, 497 | Siltstone, very sandy; grades to sandstone 193 | 4,176-4, 181 | Recovered 3 ft 6 in.: Microfossils very

: in upper part; becomes darker, very ar- abundant.

gillaceous; not sandy in lower part.. Claystone, medium-dark-gray, noncal-
Amount of clay shale increases with: careous, slightly micaceous; slightly
: - depth. silty in patt, with irregular fracture.
185 | 3, 497-3, 507 | Recovered 10 ft: Microfossils very rare.’ Laminae and intercalations of very

Claystone and siltstone, interbedded, argillaceous siltstone are rare.
medium-light-gray, slightly argilla--| 194 | 4, 181-4, 190 | Recovered 9 ft: Microfossils common.

Clay shale, like claystone above; very
poor shaly cleavage and silty laminae
suggest a dip of 18°-20°.
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Depth (feet) .

Remarks

197

4, 1904, 200
4, 200-4, 204

4, 204-4, 225
4, 225-4, 255

4, 255-4, 260
4, 260-4, 280
4, 280-4, 285
4, 285-4, 355
4, 355-4, 380
4, 3804, 395
4, 395-4, 490
4, 490—4, 560

i

4, 560—4, 710

4, 710-4, 815

4, 8155, 005

5, 005-5, 070

5, 070-5, 150

5, 150-b, 365

5, 365-5, 400

5, 400-5, 565
5, 565-5, 580
5, 5805, 990

5, 990-6, 005

6, 005

Recovered 9 ft: Microfossils common.
Clay shale as above; very poor shaly

cleavage and laminae dip -10°-25°.

Recovered 4 ft: Microfossils abundant.
Clay shale as above; cleavage and

laminae dip 10°-20°.

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

Clay shale with very small amount of
siltétone; a few fragments of shale are
blatk,

Clay shale and argillaceous siltstone, inter-
bedded, with some sandstone.

Clay shale, with rare siltstone.

Siltstene with some clay shale.

Clay shale, partly very silty, with rare
siltstone in upper part of unit.

Clay shale and medium-light-gray, very
fine-grained sandstone.

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

Clay shale, slightly harder, darker, and

more fissile than that above.

Claiy -shale as above, with a very small
amount of medium-gray very argilla-
ceous slightly calcareous siltstone, at
4,490 to 4,500 ft and 4,520-4,540 ft.

rinoid ossicles were found at 4,500 and
4,525 ft.

Clay shale, hard; rare siltstone only at
4,695-4,615, 4,625-4,635, and 4,670~
4,690 ft.

_Clay shale as above, with argillaceous

siltstone, and a few fragments of very
fine-grained sandstone at 4,715 ft and
4,770 ft. One or two fragments have
bituminous (?) partings.

Clay. shale, with rare siltstone. Bottom
15 ft slightly darker than shale above.

Clay'shale as above, with some siltstone; .

some of shale is very silty.

Clay shale, nonsilty to very silty, with
rare siltstone and a very few pieces of
medium-brownish-gray noncalcareous
sandstone; with much dark-brown clear
quartz, in dark silt matrix.

Clay shale, partly silty, with different
amounts of argillaceous siltstone, rang-
ing from %o to % of the rock. A crinoid
ossicle was found at 5,150 ft.

Clay,;shale, partly silty, with small amount
of siltstone and very rare medium-light-
gray very .argillaceous silty sandstone.

Clay shale and rare siltstone.

Clay shale and slightly sandy siltstone.

Clay shale, rarely very silty, with siltstone
making up 10 percent or less of the rock.
Few pieces of medium-gray very fine-
grained sandstone make up 5-10 percent
of the rock between 5,800 and 5,810 ft.
Rare pieces of brownish-gray very fine-

ained sandstone at 5,665-5,675 ft.

rinoid ossicles at 5,740-5,750 and
5,800-5,810 ft. Top of Qumalik for-
mation at 5,650 ft.

Recovered 15 ft: Microfossils absent.
Clay shale, medium-dark-gray, non-

calcareous, slightly silty, with abun-
dant very fine, very uniform partings
of micaceous - silt, ¥e¢-1 in. apart,
swhich “give varvelike appearance
and very good bedding-plane cleav-
sage. - Laminae dip 5°.

Total depth. :
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CORE ANALYSES

The following table shows the porosity, permeability,
and carbonate content of core samples from Umiat
test well 1. Most of the effective porosity and air
permeability data were determined in the U. 8. Geo-
logical Survey laboratory in Fairbanks, Alaska, using
the Washburn-Bunting porosimeter and the Hayward
permeameter; some samples were also tested by Paul
D. Krynine. Tests were also made by Dowell
Incorporated of Tulsa, Okla. Carbonate-content tests
and sieve analyses (see p. 92 for the latter) were
made in the Fairbanks laboratory.

Analyses of core samples from Umiat test well 1

Effective Air perine- | Content of car-
Depth (feet) porosity (per- | ability (mil |bonate minerals
cent) lidarcys) (percent by
weight)

16.8

24.1

17.2

9.8

16.2

17.2

15.6

4.8

5.2

17.5

15.2

16.4

17.5

9.5

13.7

10.7

12.1

10.8

10.8

20.0

8.6

17.7

9.3

20.0

12.2

_ 9.4
1,356 1__ 12.7
1,356__ 1.1
1,358 ¢ 10.6
1,360.. 10.8
1,363. 11. 4
1,363 1__ 13.9
1,366 1 12.3
1,368.. 11.6
1,872 2 e e
1,3721__ 9.5
1,374_._ 10.2
1,379 1 14.4
1,380. 12.6
L7392 |
1,7401 15.9
1,742. 15.6
1,746. 17.8
1,746 ¢ 18.3
1,748 _._ 17.6
11,7822 e e
1,753._. 21.9
LI57 e
1,757 1 18.9
1,760. 14.9
1,762. 10. 4
1,765_. 10.1
1,768__ 10.9
1,773. 9.1
1,776__ 9.7
1,780 7.7
1,783_. 8.5
1,787. 8.4
1,790_. 9.0
1,796_. 8.6
2,281 ___ 8.9
2,201 7.7
10.0

18.1

2,310 - - 15.2
2,311 1. i 15.7
2,314. -z 16.3
2,821 1 el e cm e
2,322t 19.6
2,330 1., 14.3

Sée footnotes at end of table.
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Analyses of core samples from Umiat test well 1—Continued

Content of car-
bonate minerals

Effective
porosity (per-
cent)

Air perme-
ability (mil-

Depth (feet) lidarcys)
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1 Samples tested by Dowell Incorporated.
3 Samples tested by P. D, Krynine,

Sieve analyses of samples from Umiat test well 1

Wentworth scale
Sand grain size,1 (percent)

Depth (feet)

60 mesh 120 mesh | 230 mesh | Less than
(medium) (fine) (very fine) | 230 mesh Total
(silt, clay)

—
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1 All material passed through the 35-mesh screen.
PETROGRAPHIC ANALYSES
A detailed petrographic study of 18 thin sectionsfrom

sandstone and siltstone penetrated in drilling Umiat
test well 1 was made by Paul D, Krynine (in Payne

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 194453

His data are summarized below and

and others, 1951).
in the following table.

All 18 samples consist of low-rank graywacke,
characterized by quartz and chert grains with a large
amount of metamorphic or volcanic rock fragments
and micas, with very little feldspar. The grains are
typically angular and poorly sorted. The Umiat
samples have an unusually large amount of mont-
morillonite. Mineral grains present consist of about
35 percent of detrital quartz, 15 percent of chalcedony,
and 20-30 percent slate, phyllite, and quartzitic or
quartz-mica schist.. Minute particles of mica (musco-
vite, sericite, and chlorite) and illite make up a large
part of the rock fragments, Mica (muscovite, biotite,
and chlorite) is also present as larger detrital flakes;
much of the chlorite is altered biotite. The rare
feldspar grains are mostly plagioclase; traces of andesitic
volcanic rocks are present in most samples. Authi-
genic minerals, mostly produced by alteration of clay
minerals and volcanic glass, include illite, chlorite,
kaolinite, and montmorillonite. Illite is most abundant
and lines most of the pore spaces and coats sand grains.
Chlorite is less common but occurs in the same manner.
Kaolinite is very rare and is possibly detrital in origin.
Montmorillonite, probably the result of alteration of
andesitic volcanic glass, occurs as mnests of fibrous
radiating crystals, or as isolated shreds intergrown with
authigenic illite. It is abundant enough to cause a
large amount of swelling as a. result of hydration.
Calcite and dolomite are present in small amounts,
and collophane is rare in scattered samples.

Reservoir properties of the rock are affected by the
quantity and type of pore space and by the interstitial
material. Visible porosity, or pore spaces easily seen
under the microscope, ranges from less than 1 percent
to 10 percent; and residual porosity, consisting of planes
of discontinuity between grains, is 5 percent or more.
The effectiveness of the rock as a reservoir, however, is
greatly affected by the amount of interstitial clays and
micas, which did not exceed 7 percent of the rock and
coated 60 percent orless of the sand grains in the reser-
voirs classed as fair or good. (See table on p. 94-95.)
Hydration of clay minerals, especially montmorillonite,
by fresh water is a major factor affecting permeability.
Where these minerals are incorporated in rock frag-
ments, swelling is negligible; where they are dissemi-
nated particles, swelling may partly or completely
destroy the original permeability of the rock.

Samples from 1,379 and 1,746 feet were acidized by
Dowell Incorporated. In these samples the carbonste
content is very low; so the acidizing had very little
effect on porosity. In the dried sample acidizing
caused the montmorillonite to swell, plugging some
pare space but opening a new capillary network by
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shattering the rock'along lines of weakness, with a slight
net gain in porosity. However, the effect of acid on
montmorillonite-bearing rock 'in place, confined by
pressure and containing connate water, cannot be
determined from the reaction of a dried sample at
atmospheric pressure.

HEAVY-MINERAL ANALYSIS

Sandstone samples were disaggregated and treated
with dilute hydrochloric a¢id to remove the carbonates.
The disaggregate was sieved, and the material passing
the 80-mesh and retained on the 235-mesh screens was
separated in bromoform :(sp gr 2.7) and methylene
iodide (sp gr 3.0) into hght medium, and heavy frac-
tions. Slides of the’ heavy fractions (sp gr >>3.0) were
prepared with canada balsam or aroclor.

The following information was supplied by Robert
H. Morris, who studied®the samples. The heavy-
mineral zones in the Umiat area include the biotite
zone, in beds of the Oolvxlle group in Umiat test well
11; the hornblende zone,: in strata of the Nanushuk
group; the zoned zircon zone, in the Grandstand and
Topogoruk formations; and possibly the augite zone,
in one sample from the Oumalik formation in Umiat
test well 1. Abundance -of heavy minerals noted in
the samples is shown on plate 10.

OIL AND GAS
OIL AND GAS SHOWS

Several poor shows of oil were noted, but none indi-
cated producing strata. The oil shows listed in the
table below are those recorded by Don W. Jopling,
geologist, and J. R. Coleman, petroleum engineer, of
Arctic Contractors, while the well was being drilled.

. 0il arlw‘l‘qqs:sh‘bws from Umiat test well 1

Depth (Jeet) Remarks

250-252._ . _____. ~---Odor of gas or distillate on freshly
broken surface; faint cut in ether.

535-555_ - - e e Strong oil odor; positive cut in CCla.

555-584_ L ____.___ Slightoil odor.

749-766_ - _ - e Slight oil odor; gas detected by indicator.

919-934_ . ... Gas odor and trace of oil.

1,305~1,308. .. _..-.__ Core well saturated with light-gravity

. oil.

1,335-1,386._ .. _.___ _ Good oil saturation and gas odor.

1,736-1,772______ ~.-- Good oil odor and fair saturatxon

1,772-1,786_ . ____.__. Spotty oil oder.

2,296-2,350_ . _.______ Strong odor of oil and gas and good satu-
ration. Cores bled when removed

. from barrel.

2,650-2,746_ . _______. Strong to weak oil odor and some satu-
ration, in streaks.

2,980-3,011__________ Spotty oil odor and saturation.

3,497-3,499_ . __.__.__ Faint show of oil.

3,832-3,834 ... Trace of gas detected by indicator.
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Twenty feet (about 120 gal) of oil was found in the
hole on June 4, 1946, when operations were resumed
after shutting down for the winter on September 19,
1954. During the winter, the drilling fluid had frozen
and formed ice in the hole between 775 feet and 920
feet; the oil seeped into the hole on top of the ice.

FORMATION TESTS

Eight formation tests were made in Umiat test well
1; one was unsuccessful, but the others, except for the
seventh, recovered drilling mud with a trace of oil.
The packer and valve leaked in the seventh test (1,693~
1,816 ft), and fresh water and fresh-water-cut mud
were recovered by bailing. The detailed descriptions |
given below are based on data from the petroleum
engineer’s records,

Test 1, 5630-684 feet.—The packer was set at 530
feet; 37 feet of drilling mud with a trace of oil was
recovered from drill pipe above packer.

Test 2, 679-692 feet.—This test was made to test the
water shut-off of casing cement. A 9%-inch outer
diameter rubber open-hole packer was set with its base
at 679 feet. It had 10 feet of perforated anchor below.
The tester was open 20 minutes; 15 feet of drilling mud
was recovered in the pipe above the retaining valve.

Test 3, 918-1,027 feet.—The packer was set at 918
feet, with 15 feet of perforated pipe below packer, and
90 feet of drill pipe below the perforated pipe. The
pin in the packer failed to shear. The tool was pulled,
and drilling mud was found in the drill pipe 150 feet
below the top.” The trip valve was reset, and the
tester was rerun without the shear pin in the packer,
which did not hold. When the tester was pulled out,
the drill pipe was found to be full of mud. One joint
of drill pipe was added below the packer, and the tool
was rerun. The packer was set at 887 feet, and the
valve was opened, but the test was not satisfactory as
the packer was not long enough to seat in the open
hole and did not hold. The tester was pulled out, and
mud was found in the drill pipe; it filled 390 feet of
pipe in 15 minutes through a Xe-inch bottom-hole
choke.

Test 4, 1,213-1,350 feet.—The packer was set at 1,213
feet, with perforated pipe from 1,340 to 1,344 feet. The
trip valve was open 30 minutes, and 30 feet of drilling
mud with a trace of oil was recovered from above the
packer. There was no free oil.

Test 5, 1,3256-1,383 feet.—A Johnston formation
tester was run with 3 perforated joints and 30 feet of
drill pipe below packer and a Johnston bottom-hole
pressure gauge on the bottom. The rat-hole packer
did not hold; the tester was pulled out and the packer
built up from 8% inches to 9% inches at the top, taper-
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EXPLORATION

OF NAVAL PETROLEUM ‘RESERVE NO.

4, ALASKA, 194453

Petrographic characteristics of sandstones from

Dirty sand- | Dirty sand- | Dirty sand- | Clean sand- | Clean sand- | Dirty sand-
stone at stone at stons at stone at stone at stone at
1,346 ft, 1,371 ft. 1,379 ft. 1,739 1t. 1,746 ¢, 1,752 ft.
Texture
Average diameter (nilltmeters). - - - oo oo oo 0.07-0.14 0.08-0.15 0. 06-0. 20 0.12-0.25 0.08-0.15 0.08-0.15
Grains:matrix:cement . oo ma e 75:25:1 63:35:2 71:20:4 88:7:5 88:9:3 83:15:2
Grain eomposition (percent)
.......................... 37 35 29 42 35 40
e cm— e 18 5 20 41 42 30
y - 2 2 4 2 2 3
Mica flakes (larg 3 5 1-2 Trace 2 1
Slate, phyllite._ 20 15 24 2 9 8
3uartz@te, schist 10 20 10 8 4 6
oleanic rocks. O I Trace Trace Andesite |.....___...___ Andesite Andesite
Accessories. .. e mme s cewe—es——————— - Trace Zircon, Titanite | o ifaeaeea Zircon
garnet
Biotite__. - - Present | .o o___ Present Present -
Chlorite Present | oo acem e i e
yugggvim - a— Present Present Present Present Present Present
g L g P Py Sy gL Yy OIRY FEVEVUGIVOIDIDE R [EVEPEPIOIVPIVEIPRPHPIOY POUPI - [ PP R R
Collophane O U Present |._oo_________. Present [..._._._____._ Present |.ooooooo_...
Intérstii;inl material (percent)
Chlorite_._._ - - - 3 1 2 1 Trace 1
o o 7RO Trace 2 Trace Trace Trace Trace
Tlite____ ——— —— ——- 3 3 2 2 Trace 2
Montmorillonite. . . . SN 2-4 34 4 1 ? 34
BOUMIEO o oo e el 1-2 3 Trace Trace Trace 2
Silica L 2 R PRI .- 0.05 1 Trace 1 Trace Trace
Carbonates. - .. - .ot cmmimm e eceme—eecmeeem e - 1 2 P 3 2
Reservoir properties
Type of reservolr_ i . Poor Very poor Poor Very good Falr Fair
POrosity (Dercent).. ... ..o 13.7 8.1 20.4 16.9 22.7 14.5
Permeability (millidarcys)__... U VOO U 2.55 0.1 <1 62 9.7 25.8
Pore size (millimeters). .- e . 0.03 0.02 0.04 0.09 0.05 0.05
'Visible porosity (percent)...._ .  —.....___. - c_——- <1 3.5 10 4.5 5
Residual Porosiby e Very low Very low Very low Good Fair Fair
Bonding material .. _____________ ... - - C?ilorite, il- Tlite Cllﬂorite, il- | Silica, illite Chlorite Iite
te ite
‘Wall-space coating (percent). ... -- 65 .75 35 50 50
Hydration (swelling) .. _._____._..__._..__ O Strong Strong Strong Moderate Low Strong

ing to 6 inches at the base. The tester was rerun with
the bottom-hole pressure gauge on the bottom, and 5
feet of perforated pipe, 30 feet of drill pipe, and 5 more
feet of perforated pipe between the gauge and the
packer, which was set at 1,325 feet. The valve was
open 1 hour and 50 minutes; 75 feet of drilling mud
with a trace of oil was recovered from above the
packer. '

Test 6, 1,8325-1,414 feet.—The rat-hole packer was
set at 1,325 feet, with 62 feet of drill pipe, 10 feet of
perforated pipe, and a Johnston hottom-hole pressure
gauge on the bottom. Opened trip valve, and swabbed
once every 15 minutes for several hours with a Guiber-
son 2%-inch tubing swab run on sand line. Tubing

above swab was loaded with water to get enough fluid
to swab. Load water with some drilling mud and a
trace of oil was recovered on each swab.

Test 7, 1,693-1,816 feet.—The rat-hole packer was set
at 1,693 feet, with: 5 feet of perforated pipe, 92 feet of
drill pipe, and 10 feet more of perforated pipe between

it and the Johnston bottom-hole pressure gauge at the
bottom of the tool. The packer and valve leaked, and
the mud level dropped when the valve was opened; the
test was unsatisfactory. The drill pipe contained 2,160
‘feet of drilling mud. The hole was bailed from 500
to 1,100 feet in 6 hours and to 1,200 feet in an addi-
tional 4 hours. Drilling mud cut with fresh water was
recovered; the fluid level could not be lowered below
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Umdat test well 1, as determined by P. D. Krynine

95

Dirty sand-| Siltstone | Dirty sand- | Dirty sand- | Dirty sand- | Clean sand- | Dirty sand- Coarse silt- | Siltstone at | Siltstone at | Sandy silt- | Siltstone at
stone at at 2,208 ft. stone at stone at stone at . stone at stone at stone at 2,990 ft. 3,002 ft. stone at 3,507 ft.
1,757 ft. 2,311 ft. 2,321 ft. 2,690 ft. 2,702 ft. 2,881 ft. 2,983 ft. 3,497 ft.

Texture
0.06-0.15 { 0.02-0.08 0.07-0.15 0.09-0.15 0.09-0.12 0.10-0.16 0. 06-0.14 0.03-0. 07 0.02-0. 08 0.03-0.08 0. 04-0. 09 0.02-0.08
70:25:5 86:10:4 78:20:2 70:25:5 78:20:2 80:16:4 67:30:3 61:35:4 60:35:5 60:30:5 75:20:5 60:35:5
Grain composition (percent)
23 36 36 50 55 35 25 52 32 43 45 33
17 12 10 1] 9 16 12 7 21 9 13 8
Trace ] 3 5 9 7 5 5 4 4 4 6
2 10 6 2 2 2 5 2 6 4 3 §
35 16 18 14 17 21 29 12 11 16 4 19
12 8 18 6 4 11 7 3 [ 4 6 7
Andesite |--.ooooooeo|oioae 2 Trace Trace An(%;asit%; TIoCe |o-iceacammmnnn Trace Trace Trace
asal
_____________ Titanite |- . .....-|- [ P Apatite, gar- QGarnet | Apatite, cal- - QGarnet, zir- Zircon
net cite n

_____________ Present Present {.__ .. __.____. Present | _ . ... _ Present |- _ooa_o_|eans [P PO [P,
Present Present Present Present Present | __._____..___ Present Present Present Present Present Present
Present Present Present Present Present Present Present Present Present Present
I Presenmt | LIIIIIIIIIll T Present | Presemt T Present
2 1 2 1 1 1 1 2 1 2 1 2
Trace 1 1 Trace N T P Trace 1 2 1 Trace Trace
2-3 & 6 2 4 10 8 10 6 10 9
1-2 1 Trace . Trace 1 2 3 4 b2 I Trace
Trace 1 Trace Trace Trace Trace Trace 1 1 b Y (U, U
2 1 Trace 1 Tace 1 2 1 2 2 Trace

2 - N PR 3 2 2 4 3 4 7 9

Reservoir properties
Very poor ‘ Very poor Poor Good Fair Fair Very poor Very poor Very poor Very poor Very poor Very poor
12.8 | Verylow 14.3 15.8 14.2 13.3 Low 8.7 8.2 7.4 9 Low
0.4 None 18.6 11.0 12.3 2.4 Low <0:05 <1 <1 <1 Low
0.04 0.05 0.04 0. 045 0.04 0.06 0.03 0.02 0.03 0.03 0.04 0.03
2 <1 4 (] 5 7 3 1 1 1 2 <1
Very low | Very low Low Fair Fair Fair Very low Very low Very low Very low Very low Very low
Silica Tiite Ihite Nite Sl}%ca, i- Tilite C%ll]gite, i- Iite Iite Tllite Ilite Ilite
e 176
55 85 65 50 60 65 80 85 85 90 85 95
Strong Strong Moderate Moderate Moderate Moderate Strong Strong Strong Strong Moderate Moderate
1,200 feet. The hole yielded approximately 10 bar- OIL ANALYSES

rels of fresh water per hour. It was shut down 13
hours, at which time the fluid level was at 1,100 feet,
and muddy water with a trace of oil was bailed.

Test 8, 2,262-2,370 feet—The rat-hole packer was set
at 2,252 feet, with 15 feet of perforated anchor spaced
by 30.9 feet of drill pipe. A bottom-hole pressure
gauge was on the bottom of the anchor. The hole was
open 20 minutes, shut in 10 minutes; 150 feet of drilling
mud with a trace of oil was recovered. Static pressure
of the mud column at 2,300 feet was 1,200 pounds per
square inch, and closed in pressure, 590 pounds per
square inch.

The data presented here were prepared for the U. S.
'Navy by the U. S. Bureau of Mines Petroleum Experi-
ment Station at Bartlesville, Okla.

Tests were made on a sample consisting of 1 pint of
oil taken from that found on top of the ice in the hole
in June 1946. (See p. 93.) The crude oil is similar
to better grade oil from the midcontinent region, ex-
cept that it is deficient in the more volatile constituents.
It differs considerably from oils produced from the
other Umiat wells, which contain more gasoline and
are less paraffinic. Crude oil from Umiat test well 1

- could be used to manufacture kerosene, jet propulsion
fuel, diesel fuel, and some lubricating oils. Details are

presented in the following tables.
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Analysis of U. 8. Bureau of Mines crude-petroleum sample 46064, from Umiat lest well 1

[General characteristics of sample: Sp gr, 0.839; sulfar, 0077 percent; Saybolt Universal

viscosity at 100°F, 44 sec; gravity, 37.2° API; color, Natl. Petroleum Assoe. color no. 5]

Distillation by Burean of Mines routine method

Cut at— Saybolt Universal viscosity
Sum, Specific | Gravity, | Corre- | Aniline at— Cloud | Viscosity] Index
Fraction Percent | percent |gravity!| °API lation point test index refrac-
R at 60°F | index ©C) CF) tion 2
°C F 100°F 130°F 210°F
Stage 1.~Distillation at atmospheric pressure, 742 mm Hg; 8rst drop, 77°C (171°F)
0.9 0.9
21 3.0
3.1 6.1
4.3 10.4
53 16.7
6.9 2.6
9.1 31.7
10.9 4.6
Stage 2.—Distillation continued at 40 mm Hg
8.1 80.7 . 842 36.6
10.3 61.0 .851 3.8
8.3 69.3 . 865 32.1
6.2 75.5 877 29.9
6.4 81.9 .890 27.5
17.1 99.0 .918 22.5

1 Specific gravity at 60°F, compsred with water at 60°F.
¢ Index of refraction based on sodium D line at 20°C.
3 Carbon residue of residuum, 1.6 percent; carbon residue of crude, 0.3 percent.

Approzimate summary

Constituent

Percent

Specific '

Saybolt
gravity

Universal
viscosity

. 846
0. 853-0. 879
0. 879-0. 897

Hydrocarbon analysie of gasoline and diesel-oil cuts from Umiat -
test well 1, using American Society for Testing Materials method

ES-jba
[Analysis by U. 8. Bur. Mines]

Gasoling | Diesel oil

Composition and characteristics (Hem, gHempel

fractions ractions

1-7) 8-12)
Blends

6.0 13.8
38.2 66.3
55.8 1909
100.0 1000

Da!a on raffinates (paraffins plus napthenes) from above blends -

Density (at 20°C comparsd with water at 4°C).__________ 0. 7500 0. 8102
Index of refraction with mercury g line, at 20°C 1.42n7 1. 45756
Index of refraction with sodium D line, at 20°C 1,41797 1. 44759
Refraction g—refraction D) X104 ... .___ 92.0 99.6
pecific dispersion:
(Refraction g—Refraction D) X104 122.7 122.8
Density
Average boiling point_ .. _____ . _____ . ..., °C_. 159 265
Molecular weight (estimated)_ . . ____ .. _______ . _____.__ 137 211
Molecular volume..__.._.._._. 183 260
Naphthenerings __.___.______ 18.2 19.5
Paraffin and paraffin side ¢hains____________________ 81.8 80.5

- Characterisiics of possible products from Umiat test well {

[Analysis by U. 8. Bur. Mines]

Product
Aviation gasoline base stoek.. _.__._ percent by volume__ 0
Motor gasoline. ____ ___ . ___ ... _.o.__ do.._-. 15
F-2 octane number, clear___....__ [ Very low
Jet propulsion fuel 100°-600°F_____ percent by volume__ 53.9
Aromatics - . __ . do-_.. 15.7
Sulfur .. __.______________ e m e mm e do.... 0.03
Viscosity . _ . __________ centistokes at —40°F__ 22,5
, Viseosity___.__.________.__. scentistokes at 100°F._ 2.0
Diesel fuel (400°-600°F boiling range)

. percent by volume. . 45
: Cetane number, calculated_..__________.________. 55

, Lubricating oil, percent by volume: i -
’ 50-200 Saybolt Universal viscosity at 100°F______._ 25
50-200+ Saybolt Universal viscosity at 100°F_____ 25

LOGISTICS

A National 50 rig, with a 96-foot Ideco cantilever
mast, casing, and other drilling equipment and supplies
- were freighted from Barrow in March and April 1945.
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Notes from drilling records—Continued

D8 Caterpillar tractors Hguled Micheler No. 9 bobsleds

and welded pipe sleds over the ocean ice and across | Depth (feet Remarks

Dease Inlet, up the Chipp and Ikpikpuk Rivers, and
overland to Umiat, a distance of about 300 miles.
Other supplies were flown from Fairbanks. A mud
tank was made by welding four pontoons together. The
water supply came from Seabee Creek through 1,775
feet of 2%-inch pipe; a Gardner-Denver 4- by 5-inch
pump at the creek furnished about 3 barrels per minute.
A 4-foot dam in the creek helped insure the water supply
until the creek ran dry in September 1945, when the
rig was shut down. In 1946 a new dam in the creek
formed a pond 10 feet deep, with a capacity of 15,000
barrels; at the end of August, rains washed it out, and
a smaller dam was put in 200 yards downstream.

Winterizing the rig was completed the first week in
October 1945—a canvas-covered wood-frame house was
erected over the water tanks, and Ric-Wil insulated
pipe was installed. A welded frame was raised to
support the canvas cover enclosing the jackknife
derrick. Water pipes were kept open or thawed by
steam lines from the boiler. Seabee Creek and the
pond froze solid on September 28, 1946, and a Cater-
pillar tractor hauled water in a 30-barrel tank on a
go-devil sled, for the last week of operations.

Drilling in 1945 was:done by Navy employees; in
1946, some of the same men were employed by Arctic
Contractors, whose staff at the well site included a tool
pusher, a petroleum engineer, a geologist, and a tech-
nical assistant. :

DRILLING OPERATIONS

DRILLING NOTES

The following drilling operations were reported by
J. R. Coleman, petroleum engineer.

Notes from drilling records

Depth (feet) Remarks
19 e The 17%-inch Ideal rotary table was 9 ft
: above the ground, and 14 ft above the
cellar floor. Base of 16 ft of 24-in. con-
ductor pipe was set 19ft below kelly bushing
ina 30-in.hole. Cementmade of 14 sacks of
Victory portland cement mixed with 63 gal
of water at 160°F (4} gal per sack) was
put outside pipe.

0 (R Set 16-in. inner-diameter Western slip-joint
point-welded casing at 97 ft, and cemented
1t with 60 sacks of Vietory Oil Well high-
temperature cement mixed with an Aqua-
gel and water mixture, and then 40 sacks
of Victory Oil Well high-temperature ce-
ment with 10 sacks of Victory portland ce-
ment and water at 170°F. The mud was
heated for 14 hr with steam injected
through casing. Shaffer 18%-in. blowout
})reventer ingtalled. Drilling suspended

or 2 weeks waiting for orders.

Set 24 joints of 11%-in. Youngstown 47-lb

J-55 casing (with float shoe on bottom,
and 2 bottom joints spot welded) at 685 ft.
Cemented with 350 sacks of cement mixed
with -water at 120° to 130° F. First, 200
"sacks of Vietory high-temperature (Sloset)
cement was mixed with 2 percent Aquagel;
next, 125 sacks with 2 percent CaCly, and
then 25 sacks of Victory portland cement
was mixed with 2 percent CaCl,. Steam

“was run intermittently through the drill

pipe for 3 days to keep the mud warm.

Left two drill collars, reamer, and bit on

bottom; recovered fish with Bowen 4!4-in.
Rotary Taper Tap.

Left bit and reamer in hole, recovered fish

with Bowen 4%-in. Rotary Taper Tap.

Halliburton line broke, leaving Totco and 680

feet of wire line inside drill pipe; recovered
fish with homemade tools.

Filled hole to 750 ft with drilling mud.

Closed rams on Shaffer control gate. Left
the well site Sept. 19, 1945; returned on
June 2, 1946, and rigged up. Bailed 44
gal of oil and no water. Ran drill pipe to
685 ft with no mud, then stopped and
filled hole with mud as a small amount of
gas was coming through the drill pipe.
Found top of ice at 775 ft and drilled ice
to 920 ft.

Lost circulation when wire line core barrel

was lowered for coring; pulled out core
-barrel, mixed mud, and put 10 bales of
Fibrotex on bottom and regained circula-
tion.

Lost circulation, regained it after using 20

sacks of Aquagel and 4 bales of Fibrotex in
conditioning mud.

Tested blowout preventers by closing rams

around drill pipe and building up pressure
with mud pumps. Formation began to
take fluid when pressure built up to 300 lb
per 8q in.

Lowered derrick substructure 1 in. on west

side to level derrick.

Motor lowering Schlumberger instrument

stopped for 45 min and left instrument sta-
tionary in hole for that time. When motor
was started, instrument was stuck, with its
top at 2,114 ft. Drill pipe with homemade
fishing tool was run in hole, using Schlum-
berger line as a guide, and freed instru-
ment, which was then pulled out of the
hole. Globe basket was used to recover
thermometer case knocked off of top of
instrument.

Drilling line broke and was replaced by old

line, which had been removed a short time
earlier.

Additional timbers put beneath derrick sub-

structure immediately below derrick legs
to prevent further settling.

Replaced old drilling line with new line,
Drilling line broke near dead line sheave; 21-

in. sheave replaced with 36-in. diameter
sheave, and additional 30-in. sheave in-
stalled in crown block. New drilling line
strung. Worn pistons and other difficul-
ties with the two small (7% x 10 in.) mud
pumps made it impossible to get enough
mud pressure to drill; four new pistons
were ordered from Barrow. Lack of rack-
ing capacity in derrick caused a change
from 4%-in. drill pipe to 3%-in. pipe; this
necessitated higher pressure from mud
pumps, to afford proper mud circulation.



Notes from drilling records—Continued

Depth (feet) Remarks
5,061_.__________ Schlumberger instrument stuck at 3,290 ft,
loosened and pulled out with homemade
fishing tool.
Drilling mud bailed to depth of 950 ft. All

casing left in hole; 113-in. casing projects
1 ft above ground; it is topped by an 11%;-
in, collar 8 in. long and an 11%-in, nipple
7 in. long. Nipple covered by a %-in. steel
plate welded on, with 2-in. nipple, 6 in.
long, in center of plate. A 2-in. 125-1b
brass gate valve caps nipple.

DRILL AND CORE BITS

Only two types of core bits were used in Umiat test
well 1. Cores 1-18 and core 197 were taken with a
conventional Hughes type ‘“J”” core barrel, and a
6%-inch hard-formation core head. Cores 19—-196 were
taken with an A-1 No. 2 retractable wire line core
barrel, with a 7%-inch hard-soft formation roller core bit.
Of a total of 259 feet cored with the Hughes tools, 73.7
percent was recovered; 83.8 percent of the 1,375.5 feet
cored with the A-1 barrel was recovered.

Several types of drill bits were used, ranging in
size from the 22-inch Reed rock bit to the 9%-inch
Hughes OSQ-3A. A total of 56 bits was used, the
Hughes OWS and Hughes OSQ-2 being the ones most
commonly employed. Crum Brainard rock bits and
pilot bits and Zublin Simplex bits were also used.
Depths through which each bit drilled, cored, or reamed
are shown on the graphic log (pl. 9). Hughes 0SQ-2
bit no. 47, which reamed at 4,898 feet without deepen-
ing the hole, is not shown.

DRILLING MUD

The test well was started with an Aquagel-water
mud, and except for a small amount of Fibrotex and
similar material to regain lost circulation, no other
types of additives were necessary. The hole produced
a large amount of mud from the bentonite and shale
penetrated in the upper part of the section. Clay iron-
stone and other iron-bearing minerals caused the mud
weight to increase gradually, making the use of Baroid
unnecessary. The mud temperature ranged from 40°
to 79°F., averaging about 55° to 60°. The mud
characteristics and additives used are shown in the
following table.

Drilling-mud characteristics and additives at Umiat test well 1

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

Drilling-mud characteristics and additives at Umiat test well 1—

10 bales Fibrotex.
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Continued
Depth (feet) Viscosity Weight | Water loss Additives
API (Lb cu ft) | (ec/30 min)
38.0 69.5 11.2
42,0 72.0 4.8
4.0 74.0 3.8
45.0 74.5 2.9
52.0 78.5 2.6
4.0 76.0 2.4
4.0 78.0 2.6
42.0 78.5 2.2
43.0 78.5 2.2
43.0 79.0 2.1
43.0 80.0 2.2
45.0 80.0 2.2
43.0 80.0 2.5
40.0 79.5 2.7
40.0 79.0 2.7
43.0 79.0 2.7
43.0 78.5 2.7
43.0 78.5 4.0
38.0 78.0 4.5
78.0 4.2
7.0 5.6
79.0 5.0
80.0 4.2
82.0 4.
82.0 4.
83.0 3.
83.5: 3.
85.0 3.
86.0 3.
85.0 3.
85.0 3. 100 1b Quadrafos.
84.0 3.
85.0 3.
85.0 3.
85.0 3.
84.0 3.
85.0 3.
85.0 3
84.0 5.
85.0 5. }
87.0 5. 2,000 Ib Aquagel.
82.0 5.
83.0 4,
82.0 4.
82.0 4.
83.0 4.
84.0 4,
83.0 4,
48 |}25 1b Quadratos.
4,
4,
5.
5.
4.
5.
4,
5.
5.
5.
5.
5.
4,
5.
5.
5.
4.
5.
5.
4.
5.
5.
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____________ 1,200 1b Aquagel.

£0/ 4 60 50 58 0 0013 06.00 & 90 00 09 00

Depth (feet) Viscosity Weight | Water loss Additives
v APL | (Lbou ft) | (ce/30 min)
gg_g °| 19,200 Ib Aquagel,
;0. 0 2,000 Ib Aquagel.

~-{11,500 1b Aquagel, 50 Ib
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1,700 1b Aquagel.
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TEST WELLS, UMIAT AREA, ALASKA

Drilling-mud characteristics ajind additives at Umiat test well 1—

Continued
Depth (feet) Viscosity | Weight | Water loss Additives
API (Lb cu ft) | (cc/30 min)
3 sacks Micatex.
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HOLE-DEVIATION RECORD

The deviation of the hole was measured with a Totco
(Technieal Oil Tool Co.) Recorder and with the East-
man Oil Well Survey Co. single-shot survey in-
strument. The deviation (as measured by Totco) in-
creased gradually to 2° 45’ at 600 feet, owing to con-
tinuous coring; after & decrease to 1° 15’ at 825 feet,
it again increased to a maximum of 5° at 1,685 feet,
below which it again decreased to 2° at 2,080 feet.
Below 3,000 feet deviation was under 2° except for a
short interval between 5,550 and 5,700 feet where it
rose to 2° 15’. The Eastman survey showed the di-
rection of deviation to be northwest for the first 2,000
feet, below which it was southeast. The following
table gives the results of the Eastman survey; the
Totco readings are shown on the graphic log (pl. 9).

423224588

99

Degree and direction of hole deviation of Umiat test well 1
[Determined with Eastman single-shot directional survey instrument]

Depth (feet) | Deviation | Direction Depth (feet) | Deviation | Direction
(degrees) (degrees)
1 |N.5°E. 1,400 ... 2 | N.4°W.
1 | N.16°E, 1,500. - 2141 N.32° W.
84 N.12° W, 1,600_ 3 | N.35°W.
1 | N.s4° W, 1,700 414 N.40° W,
3 | N.38°W, 1,800_ 4 | N.35°W,
2841 N.42° W. i 2,000. 234 N, 23° W,
13| N. 38° W, - || 2,200.. %I N.35°E
1% N.6° E. 2,400 1 | N 4°E
14| N.67° W, 2,600.. 34| N.40° E
13{| N.27° W. || 2,800. 13| 8. 35°E
134 N.27° W, 3,000. 14| 8. 85°E
2841 N.45° W. 1l 3,200 ... ___ 1 | N.70° E
134 N.50° W, || 3,400 ccooaco_ 3% 8. 28°E
2 | N.25° W.

The survey was stopped because batteries were too
old to give satisfactory pictures. Directions are from
magnetic north; true north is 29° 15’ west of magnetic
north. :

ELECTRIC LOGGING

Eight runs of Schlumberger eleetric logging equip-
ment were made in the hole, and spontaneous potential
and resistivity curves were obtained; run numbers and
depths at which they were made are shown below.
The electric log ¢urves are shown on the graphic log
(pl. 9), except for runs 1-and 3, which are overlapped
by runs 2 and 4, respectively. '

Run Depth (feet)
1 e e 97-584
D e e A A e e edcamam e em———— 97-684
[ B e 685~1, 743
4 e 686-1, 815
D o e e G mmm e 1, 815-3, 106
B o e 3, 1064, 041
7 e e e e 4, 041-4, 875
8 o et 4, 875~5, 981

TEMPERATURE SURVEY

A temperature survey was made in 1945, but it was
later found that the temperature in the hole had not
been in equilibrium with the surrounding rock, and the
curve obtained was invalid. In cleaning out the hole
in the spring of 1946, the base of the permafrost was
found at 920 feet.

UMIAT TEST WELL 2

Location: Lat 69°23’04’/ N., long 152°05'01"' W.
Elevation: Ground, 333 feet; kelly bushing, 342 feet.
Spudded: June 25, 1947.

Completed: December 12, 1947. Dry and abandoned.
Total depth: 6,212 feet.

Umiat test well 2 was actually the third test on the
Umiat anticline; both Umiat test well 3 (originally
named Umiat core test 1) and Umiat test well 1 were
drilled earlier. The proposed location for Umiat test
well 2, chosen to test the oil-producing possibilities of
the Umiat anticline, was underlain by silt and muck
which would have necessitated an expensive piling
foundation. A site 79 feet downdip and 1,200 feet west
along the strike of the anticline was found to have a bed
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of gravel near the surface; so the proposed site was
changed. The test well is about 5,000 feet south of the

anticlinal axis as it is now mapped, and about 6,000
feet east of the probable apex of the anticline. The site
is about halfway between Umiat Lake and the Colville

River, on the gravel flats of the river valley, as plctured :

in plate 7A4.

DESCRIPTION OF CORES AND CUTTINGS

- Several sandstones had oil shows, but testing re-
covered only drilling mud with slight shows of oil.
Because oil was obtained from Umiat test well 5,

drilled with cable tools a few feet away, it is probable
that the use of fresh-water drilling fluid caused the.
‘sandstone matrix to swell and become 1mpermeable

thus preventing oil from entering the well.

The original plan was to drill a 3,000-foot hole with
the rotary equipment used at Umiat test well 3, but:
a heavier derrick had to be used because the lighter
one was damaged in dismantling. Tt was decided later

to drill the hole to the safe capacity of the rig.

‘The top 70 feet sampled consisted of alluvial gravel -

and coarse sand deposited by the Colville River.. The
dominant constituent of the beds to this depth isgray,

black, or grayish-brown chert, although some fine-
grained siliceous sandstone pebbles are also present. -

The uppermost Cretaceous rock drilled, the Killik

‘tongue of the Chandler formation, is present from 80 to
365 feet. It consists of clay shale, sandstone, claystone, -

and a small amount of siltstone in beds 225 feet thick.

Bentonite and coal seams are very rare. Thin beds and -
laminae of clay shale are present in much of the sand- -
stone, and the siltstone and sandstone laminae in the -
ghale are commonly responsible for its tendency to break -

parallel to the bedding planes Some of the sandstone
is crossbedded. A show of oil or gas was reported in
some of the sandstone beds; the permeability of one
sandstone, at 320 to 328 feet, ranges from 20°to 72
millidarcys. (See table on p. 108.)

The Grandstand formation, consisting of thick beds |

of sandstone separated by thinner beds of clay shale
containing .the Verneuilinoides boredlis faunal essem-

blage, is present between 365 and 1,060 feet in the hole. '

The sandstone beds range from 5 to 100 feet in thickness

and are very fine to fine grained (rarely medium grained), -

slightly silty, argillaceous, and noncalcareous.

Permeability ranges from 3.5 to 270 millidarcys but
is generally less than 50 millidarcys. Several shows of
oil or gas were noted, but tests recovered only traces of
oil. Clay shale and claystone are present in beds a few
inches to 70 feet thick and contain some laminae of
sandstone.

At 1,060 feet the drill penetrated the marine Topa-
goruk formation, which consists of medium-dark-gray

silty clay shale with a few thin (less than 30 feet)
sandstone beds in its upper part. The sandstone is
medium light gray and very fine grained;it had no shows
of oil or gas. Siltstone, somewhat more common than
in the upper part of the hole, is medium gray, argilla-
ceous, and noncalcareous.

Between 1,060 and 4,700 feet, the approximate base

| of the formation, the beds commonly dip 10° or less,

except for rare crossbedding. The section between
1,850 and 2,400 feet is repeated between 2,400 and
2,950 feet by a reverse fault at 2,400 feet. Between
5,100 feet and the total depth at 6,212 feet, the Topa-
goruk formation is repeated by another reverse fault,
which cuts the well at 5,100 feet. The presence of the
Topagoruk formation below the older Oumalik forma-
‘tion is indicated by the reappearance of a distinctive
microfauna and an abrupt change from the rather
steep dips of the Qumalik formation to flat-lying beds
in the Topagoruk formation. '

The Oumalik formation is composed of marine clay
shale with very rare thin beds of sandstone. The
sandstone grains are commonly angular, and there are
less silt, argillaceous material, mica, chert and rock
fragments with the quartz sand than in the overlying
Topagoruk and Grandstand formations. The Oumalik
formation is present between 4,700 and 5,100 feet in
Umiat test well 2; the contacts are not exact, but the
presence of the formation is indicated by a few dis-
tinctive microfossils and differences in dip and lithologic
characteristics from the Topagoruk formation above

and below it.
Lithologic description

[Where no cores are listed, description is based on cutting samples}

Core Depth (feet) Remarks

_____ 0-9 Kelly bushmg to ground level.

..... 9-13 | Ground level to bottom of cellar.

Note: Samples above 130 feet were
taken before surface casing was set
and consist primarily of surface gravel

- and sand. Base of surface alluvial
material placed at 80 ft, because the
first fragments of rock similar to the

" underlying beds of Cretaceous age
occur in samples at that depth; how-
ever, the surface gravels may be much

) thinner.

_____ 13-20 | Gravel, rounded and angular fragments
half an inch or less in diameter, con-
sisting of gray, black, light-grayish-

. brown, and rarely yellow chert, with a
few fragments of medium- to ﬁne-gram-
ed siliceous sandstone, composed of
clear or dark quartz, with rare vari-
colored rock fragments. A small
amount of coarse sand has the same

. composition as the gravel.

_____ 20-30 | Gravel and sand, as described above.

_____ 30-60{ Sandstone fragments gimilar to those in

) gravel above, with some chert pebbles.

BN 60-80 | 8and similar to that in the sandstone,

' with some chert grains. -
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A. AERTAL PHOTOGRAPH OF UMIAT TEST WELL 2, SEPTEMBER 22, 1947 B. ENCLOSED RIG AT UMIAT TEST WELL 2
Enclosed derrick and rigsite camp, with Colville River in background to the south- The 122-foot derrick, the rest of the rig, and the boilerhouse enclosed for winter
east. A small amount of snow has collected on the frozen surface of Umiat Lake drilling. The view was taken looking north, September 23, 1947.

in the foreground and in ruts cut in the tundra by tractor and weasel treads.

C. UMIAT TEST WELL 3 DURING PUMPING TEST, OCTOBER 10, 1947

Spudder and pumping unit are in the foreground, and Umiat test well 2 is in the background. White ex-
panse to the right and behind Umiat test well 3 is snow-covered Umiat Lake, and Colville River flows
from right to left in the distance.
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A. DRILLING RIG AT SITE OF UMIAT TEST WELL 4, JUNE 2, 1950

Rig is surrounded by a canvas windbreaker. and the wanigan was the only other shelter necessary.

B. UMIAT TEST WELL 5 ON MAY 1, 1951, A FEW DAYS AFTER THE FIRE

Remains of Heat-Pak and generator wanigan are on the left, and Failing rig, on the right. Sleds on
which both are mounted are made of pipe.
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Lithologic description—Continued

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

.....

80-130

130-140

140-145

145-175

175-190°

190-195

195-200

200-215

215-225
'925-230

230-260

260-265
265-290

200-297

The top of the XKillik tongue of the
Chandler - Formation is at 80 feet.
Chert and sandstone granules similar
toigravel above, with rare fragments of
médium-gray argillaceous micaceous
giltstone and clay shale, and very rare
fragments of medium-light-gray very
fine-grained sandstone.

Sandstone, medium-light-gray, very fine-

grained, very silty and argillaceous,
slightly calcareous, with some flakes of
myscovite, Angular to subangular
white and: clear quartz grains, with
rafe dark rock fragments.
amiount ‘of clay ironstone present in
upper half of unit.

- Bandetone as above, with siltstone and

cldy shale. Siltstone is similar in' com-
position and color to the sandstone; the
clay shale is medium gray, noncalcare-
ous, very slightly silty to very silty.

‘”Clay shale, dark-gray; slightly carbo-

naeeous at top; medium-gray in lower
part. ‘Between 150 and 160 ft it grades
into medium-gray very argillaceous
slightly to moderately calcareous silt-
stone. Between 165 and 170 feet is a
small amount of light-gray fine-grained
slightly silty noncalcareous sandstone
composed of subangular clear and white

uartz with rare dark rock fragments,

ery fine-grained medium-light-gray
sandstone rare.

Shale, fine-grained and very fine-grained
sandstone, small amount, contaminated
by a large amount of cement.

tone, angular, very fine- to fine-
gréined; composed of clear and white
quartz with some dark rock fragments.

Clay- shale, medium-gray to medium-
dark-gray, slightly to very silty; a
small amount of very argillaceous silt-
stone.

Clay shale, medium-dark-gray, silty, mi-
caceous; with ve;i' fine-grained silty
argillaceous noncalcareous sandstone,

_--grading to siltstone with depth.

"Clay shale, medium-gray, slightly to very

silty, micaceous; cement contamina~-
tion.

Sandstone, very fine-grained, angular
rains, with some black shiny coal hav-
ing blocky to conchoidal fracture.

Sandstone, fine-grained; composed of

. cler and white subangular to angular
quartz grains, argillaceous, slightly . cal-
careous cement and rare muscovite.
Small -amount of medium-gray very

silty micaceous clay shale present in,

lower 10 feet.

Siltstone, medium-light-gray, slightly to

vefy argillaceous; very slightly cal-
careous in part; similar in composition
to the sandstone above.

Clay shale, medium-gray to medium-
dark-gray; slightly to very silty in part,
goncalcareoua. iltstone rare at 275—

Sandstone, medium-light-gray, very fine-
grained, very silty and- argillaceous,
slightly calcareous inipart; composed
of ‘angular to subangular fclear .and
white quarts, with dark rock fragments.

Small

10

11
12

297-302

302-312

312-322

322-332

332-342

342-345

345-355

355-365

365-370

370-375

375-385
385-387

Recovered 4 ft 4 in.: Microfossils absent.
Clay shale, medium-dark-gray, non-
caleareous, very slightly micaceous
in part, with poor shaly to subcon-
choidal fracture; particles and small
fragments of carbonized plants are
rare. Dip 2° to 4°,
Recovered 9 ft: Microfossils absent.

8 ft, clay shale as abovei> fish scale
found at 310 ft. Dip 3°-5°.

3 in., bentonite, grayish-white, with
abundant minute euhedral biotite
flakes.

9 in., clay shale as above. ‘

Recovered 8 ft 11 in.: Microfossils absent,

4 ft 6 in., clay shale as above, dip 3°-5°.

4 ft 5 in., sandstone, medium-light-gray,
very fine-grained, silty, slightly argil-
laceous, noncalcareous; composed of
subangular grains of clear. quartz,
with some white quartz and rare
dark rock fragments, carbonaceous
particles, and biotite. Small irregu-
lar patches of medium-dark-gray clay
shale scattered throughout.

~Recovered 2 ft 5 in.: Microfossils absent.

Sandstone as above.
Recovered 8 ft 9 in.: Microfossils absent.
Sandstone, medium-light-gray, very
fine-grained, silty, argillaceous, non-
calcareous, slightly micaceous, slight-
ly crossbedded; grades to medium-
light-gray sandy slightly crossbedded
siltstone.
Recovered 2 ft 5% in.: Microfossils absent.
Siltstone and sandstone as in core 5
above, but with some intercalated
medium-dark-gray very silty clay-
stone.
Recovered 9 ft: Microfossils absent.
Claystone, medium-dark-gray, slightly
to very silty, with conchoidal frac-
ture; thin beds and laminae of
medium-gray silty clay shale in upper
1 ft. Small rare carbonized plant frag-
ments. A 2-in. bed of very fine-
grained medium-light-gray sandstone
present at bottom of core.
Recovered 3 ft 6 in.: Microfossils absent.
Sandstone, medium-light-gray, very
fine-grained, silty, argillaceous, slight-
ly to very sericitic, with rare small
fragments of carbonized plants. Thin
beds of crossbedded siltstone (%2 in.
thick) and laminae and intercalations
of medium-gray clay shale rare. Top
of the Grandstand formation is at
365 feet.

Recovered 1 ft: Microfossils abundant.
Claystone, medium-dark-gray, very
slightly silty and micaceous, with
irregular to subconchoidal fracture.
Recovered 4 ft 7 in.: Mierofossils abun-
dant.
Claystone as above,
No recovery. .
Recovered 1 ft 10 in.: Not sampled for
microfossils.
Fragments of claystone as above, with
& few fragments of medium-gray silt-
stone ‘in upper part, medium-gray
very sandy claystone in lower part,
and one fragment of light-olive-gray
fine-grained sandstone at base,
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Lithologic description—Continted

Core Depth (feet) Remarks Core Depth (feet) Remarks
13 387-392 | Recovered 2 in.; Not sampled for micro- 24 450-455 | Recovered 4 ft 11 in.: Not sampled . for
: fossils. mijcrofossils.

Claystone, medium-dark-gray, in frag- Sandstone, as in core 23 above, with
ments, and one fragment of light- 1-in. claystone beds in basal 6 in.
olive-gray fine-grained noncalcareous | 25 455-465 | Recovered 9 ft 9 in.: Microfossils rare.

. sandstone. e 4 ft 3 in., sandstone as above, very silty.
14 | 392-395 | Recovered 2 ft 6 in.: Not sampled for 11 in,, clay shale, medium-dark-gray,
: mierofossils. - very silty, noncalcareous, micaceous,

Sandstone, medium-light-gray, fine- with sandstone intercalations in low-
grained, silty, argillaceous, noncal- er 2 in. Poor shaly partings dip 5° or
careous, sericitic in part; composed less.
of subangular to subround clear and 2 ft 3 in., sandstone as above, with
white quartz, gray chert, and dark intercalations of clay shale in basal
rock fragments, with rare ‘carbo- 2 in.
naceous particles-and rare to common 2 ft 4 in., clay shale, medium-dark-gray,
biotite. Poor shaly cleavage suggests slightly to very silty, micaceous,
beds dip 3°-5°. noncalcareous; poor shaly parting

15° 395~400 | Recovered 2 ft 9 in.: Not sampled for dips 3°-4°. Two 1-in. beds of very
microfossils. fine-grained very silty sandstone in

.~ Sandstorie as in core 14. basal 6 In.

16 400-408 | Recovered 1 ft 8 in.: Not sampled for 26 465475 | Recovered 10 ft 2 in.: Microfossils very
microfossils. abundant. . .

Sandstone as in core 14, Clay shale as above, with very rare

17 408-413 | Recovered 4 ft 9 in.: Not sampled for 14~2-in, . beds and intercalations of
’ : microfossils. siltstone and sandstone. Thin

Sandstone, medium-light-gray, " silty, streaks of medium-dark-gray sand-
argillaceous, noncalcareous; sericitic stone with clay matrix rare. A tube
in parts; very fine to fine grained, of Ditrupa sp. found at 468 ft and a
grading to very fine grained at base ghell of a Pecten sp. at 466 ft.
of core. Laminae with abundant ear- | _..__ 475-482 | Clay shale, medium-dark-gray, and me-
bonaceous particles present in lower dium-gray siltstone.

) part of core. ) 27 482487 | Recovered 4 ft 4 in.: Microfossils absent,
18 | 413-418 | Recovered 4 ft 1 in.: Not sampled for 2ft4in., claystone, medium-dark-gray,
microfossils, silty, and medium-light-gray very

Sandstone as above, very fine- to-fine- fine and fine -grained sandstone, inter-
grained. calated; small amount of medium-

19 418-423 | Recovered 4 ft 8 in.: Not sampled for gray siltstone; micaceous and. car-
microfossils. bonaceous particles common through-

. Sandstone as in core 18, - out. Corbula? at 482 ft.
20 423-433 | Recovered 9 ft 6 in.: Not sampled for 2 ft., sandstone, light-gray, fine-grained
microfossils. and very fine-grained, noncalcareous;

Sandstone as above, very fine-grained. 2-in. of interlaminated sandstone and

21 433-439 | Recovered 5 ft 6 in.: Microfossils abundant clay shale at 486 ft.

’ Sandstone as in core 20, with a l-in. 28 487-492 | Recovered 5 ft: Microfossils absent.
bed of medium-dark-gray claystone 1 ft 7 in., sandstone, very fine- and fine-
214 ft above base and 3- to 4-in. beds grained; clay shale; and siltstine;
of - medium-dark-gray claystone, intercalated.
glightly silty and micaceous, non- 1 ft 2 in., clay shale, medium-dark-gray,
caleareous, with subconchoidal frac-. very silty, micaceous, noncalecareous;
ture, in lower 134 ft. some patehes of sandstone in upper

22 "439-444 .| Recovered 4 ft 2 in.: Not sampled for 2 in. Poor shaly cleavage dips 5°
mierofossils. or less. -

9 in., claystone, medium-dark-gray, and 2 ft 3 in., sandstone, medium-light-
medium-light-gray intercalated sandy gray, very fine- to fine-grained, silty,
siltstone. : noncaleareous, slightly micaceous,

3 in., clay ironstene, yellowish-gray, thin-bedded; dip 5° or less.
dense, hard, ecalcareous, with con- ©29 492-499 | Recovered 7 ft: Microfossils absent.
choidal fracture. Sandstone as above; fine- to medium-

3 in,, siltstone, medium-light-gray, very grained at base.

" calcareous. ‘ 30 499-509 | Recovered 7 ft 4 in.: Microfossils rare.

1 in., claystone, medium-dark-gray, 6 in., sandstone, fine- to medium-
noncalcareous. grained, as at base of core 29.

2 ft 10 in., sandstone, medium-light- 6 ft 8 in., clay shale, medium-dark-gray,
gray, very fine-grained, silty, very noncaleareous; slightly silty in g)art.
argillaceous; slightly calcareous in Good shaly . cleavage dips 1°-3°.
part; composed of subangular grains Rare clay ironstone beds 14-in. thick
of clear and white quartz with dark in upper part. Pelecypod shell frag-
rock fragments, biotite, and ecarbo- ment at 503 ft.

- naceous particles. 2 in,, sandstone, medijum-light-gray,
23 444-450 | Recovered 4 ft 6 in.: Not sampled for fine-grained, silty, argillaceous, non-
microfossils. E calcareous. N ek

Sandstone as above, massive; small 31 509-519 | Recovered 9 ft 11 in.: Microfossils rare.

(less than 1 in. diameter) clay iron-

stone nodules very rare.

1 ft 2 in,, siltstone, medium-gray, non-
calcareous, -with abundant intercala~-
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C’)re Depth (feet) Remarks Core Depth (feet) Remarks
tions and partings of carbonaceous 41 .. 630-640 | Recovered 9 ft 4 in.: Microfossils common.
clay shale, grading to unit below. Claystone, medium-dark-gray, very
10 in., clay shale, medium-dark-gray, silty, noncalcareous, micaceous; ir-
silty, with abundant siltstone part- regular fracture; has intercalations,
ings in upper part. laminae, and thin beds (less than 2
1 ft 3 in., siltstone, medium-gray, in. thick) of medium-gray siltstone
rtly sandy, -argillaceous; cross- and medium-light-gray very fine-
ﬁdded with faint partings and mi- grained sandstone. Laminae dip 5°
nute fragments of carbonaceous ma- or less.
terial. Dip as much as 10°. 42 640-648 | Recovered 8 ft 1 in.: Microfossils abun-
4 ft 3 in., clay shale, medium-dark- dant.
gray, noncalcareous, slightly silty in 5 ft, claystone as in core 41.
part; very slightly micaceous; fissile 3 £t 1 in., claystone, medium-dark-gray;
in part. Dip 1°-3°. A 1-in. clay very slightly silty in part; very
ironstone nodule at 515 ft. slightly micaceous; irregular to sub-
2 ft 5 in., sandstone, medium-light- conchoidal fracture.
gray, very fine-grained, silty, argil- | _.__. 648-650 | No sample.
Iaceous, noncaleareous, micaceous, | -.___ 650-655 | Clay shale, medium-dark-gray, with a
with small flakes and partings of very small amount of siltstone.
-carbonaceous material. = | _____ 655665 | Sandstone, medium-light-gray, very fine-
32 519-529 | Recovered 9 ft 10 in.: Microfossils rare. grained, very silty and argillaceous;
: . 4 in., sandstone as above. moderately calcareous in part; and
2 £t 3 in., claystone, medium-dark-gray, medium-gray argillaceous siltstone.
‘slightly to very silty, with abundant | _____ 665-680 | Clay shale, medium-dark-gray; slightly
laminae of siltstone dipping 3°-4° in silty in part; slightly micaceous; silt-
upper 1 ft; irregular fracture. stone in upper part.
5 ft., clay shale, medium-dark-gray, 43 680-690 | Recovered 9 ft 2 in.: Microfossils ‘very
figsile. abundant.
2 ft 8 in., sandstone; medium gray in Claystone as in core 42, but slightly to
upper part; grades to medium light moderately silty.
gray in lower part; very fine to fine | —_.___ 690-750 | Clay shale, medium-dark-gray; slightly
grained, noncaleareous, micaceous; silty in part; slightly micaceous. Small
composed of clear and white quartz amounts of siltstone at 715-720, 725—
with gray chert, dark rock fragments, 735, and 745-750 ft. A thin bed of
and carbonaceous particles. Lower very fine-grained medium-light-gray
part less silty and argillaceous, and " sandsfone composed of subangular
carbonaceous particles are concen- grains of clear and white quartz at
trated in partings instead of being 785-740 ft.
R S . disseminated. Note: Below base of the permafrost at
33| 529-539 | No récovery. - 750 ft, cores absorbed water from_
34 539-544 | No recovery. drilling mud, and a mud sheath was
.35 544-554 |- Recqvered 9 ft 4 in.: Microfossils absent. formed on them. ‘
; 6 in., sandstone, grading through silt- 44 750-760 | Recovered 9 ft 8 in.: Microfossils: very
stone to silty claystone, all with a- rare.
bundant fine laminae of dark-gray 5 ft 6 in., claystone as in core 43.
carbonaceous micaceous clay shale 4 ft 2 in., siltstone, medium-gray,
., dipping 25°. . slightly sandy, argillaceous, slightly
{ 8 ft 10 in., claystone, medium-dark- micaceous, nonecalcareous, massive,
gray, slightly to very silty, slightly with scattered small fragments (% in.
5 Ky to very micaceous, mnoncalcareous; or less in diameter and ¥g in. thick)
I PR has irregular fracture. of reddish-brown clay ironstone.2 ft.
36 . 554-560 | No recovery. above base of core.
37| . 860-562 | Norecovery. 45 760-770 | R d2i PR ‘
38 “562-572 | Recovered 10 ft 2 in.: Microfossils absent, et vonsived in laborat
: Claystone as above, but very slightly ore not received 1n. 1aboratory.
. . silty; subconchoidal fracture. 46 770-780 | Recovered 10 ft 2 in.: Microfossils abun-
39 572~-582 | Recowvered 9 ft 1 in.: Miecrofossils commeon. dant. . . . :
: - Claystone as above, but with very rare 2 ft, sandstone, medium-light-gray,
‘8ilty laminae dipping as much as 8° fine-grained, slightiy silty and argil-
R (average dip 4°). laceous, noncalcareous; composed of
_____ . 582-602 | Clay shale, medium-dark-gray, slightly clear and white quartz with some
silty, mieaceous, with rare carbonaceous gray chert and dark rock fragments.
partings, and small amount of medium- Mica common;: carbonaceous - par-
_ gray very argillaceous slightly calcar- ticles rare. Sandstone thin bedded,
S eous siltstone. approximately flat lying.
" 40 - .602~609 | Recovered 5 ft, 7 in.: Microfossils common, 8 f 2 in., clay shale, medium-dark-gray,
: Claystone as in core 39, with scattered very slightly silty, noncalcareous,
. medium-gray very silty clay shale | - figsile; beds approximately flat lying:
o faminae that dip 5° or less. 47 780-790 | Recovered 10 ft 4 in.: Microfossils. very
_____ 609610 | No sample. i abundant.
‘Clay shale, medium- to medium-dark- 3 ft 10 in., claystone, medium-dark-

-

610-630

gray, with very small amount of
- . medium-gray siltstone in upper part.

gray, noncalecareous; very slightly
silty in part; corchoidal fracture.
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_ 9in,, intercalated clay shale, very ﬁne- 55 948-956 | Recovered 9 ft 6 in.: Not sampled for

rained sandstone, and siltstone: microfossils.

4 t16 in., claystone ?s abgggml;lu{,) very Sandstone as above, but massive; rare
silty in upper 1 ft; r -brown carbonaceous partings in lower foot
clay ironstone in upper 6 in.; of core dip 2°; carbonaceous par-

1 ft 3 in., intercalated sandstone, fine- ticles abundant in Y-in. interval at
grained, ‘hght-gray, noncalcareous, 953 ft. A dip of 7° indicated in .a
amsi 1med1ﬁ“f'dark'gmy noncalcare- 2-in, thickness of medium-gray sand-

- ous clay shale

48 790-800 | Recovered 9 ft 3 in: Not sampled for s in " amaant cg;’;zgg;‘f:t‘igﬁi
microfossils. along bedding planes. r part

Sandstone, medmm-hght—gra);i fine- to of unit cut by sharp dmgon contact
medium-grained, slightly silty, non- which is overlain by medium-light-
calcareous; composed of subangular gray massive sandstone; sharp con-
to subroupd grains of clear and white tact dips 42°.
quartz, with dark rock fragments and 56 956-966 | Recovered 9 ft 10 in.: Not sampled for
rare gray chert. =~ Sandstone is thin microfossils.

49 800-810 | R beddgd é”nf(% aé)pgoxaxélag;ely ﬂa}; 1 llflg Sandstone as above, thin-bedded.
eco,;;?gﬁofosgﬂs ! ok sampied for 57 . 966-969 Recoveredf 2 ft. 6 in.: Not sampled for.
i Sandstone as above. : s mégzg ossils. bo
50 810-820 | Recovered 1 ft 6 in: Not sampled for . andstone as above. .
microfossils. 58 969-979 | Recovered 9 ft: Not sampled for micro-

Sandstone as above, grading to fine- fossils. A
grained at base. . Sandstone, light-yellowish-gray, fine-

51 820-822 | Recovered 1 ft: Not sampled for miero- .grained, - slightly silty, very -cal-
fossils. careous, dense; grades to noncal-

Sandstone, fine-grained, and otherwxse careous at base. Scattered smdll
as in core 48. nodules (less than one-half in. in

_____ 822-824 | No sample. . diameter) of clay ironstone common
52 824-834 | Recovered 6 ft 4 in: Not sampled for at  974-975 ft; faint carbonaceous
microfossils. : oy patches rare throughout.

Sandstone as in core 51. Medium- 59 - 979-986 Recovered 6 ft 9 in.: Microfossils abun-
bedded, uniform. A 1-in.. bed of dant,
medium-dark-gray claystone Lg ft Sandstone, medium-light-gray, very
below' top of core. fine-grained, with rare to common

b3 834-843 | Recovered 7 ft: Not sampled for micro- carbonaceous partings dipping 1°-2°,
fossils. . e : rarely as much as 12°. One foot

Sandstone as in core 51 above. below top of core is a 1-in. thickness

----- 843-845 | No sample. : R of sindstone containing intercala-
_____ 845-875 | Sandstone, light-gray; fine-grained in tions of medium-dark-gray clay shale
upper part; grading to very fine grained that have irregular, undulating, but
in lower part; slightly to very argilla- sharp boundaries, and commonty
ceous; silty; slightly calcareous in part; inch out to form minute lenses.
very slightly mieaceous. Grains sub- wo 6-in. beds of medium-dark-gray
angular to subround clear and white slightly silty claystone 1 ft and 6 ft

?uartz, gray dchert, so;)ne dark  rock below top of core.

ragments, and rare carbonaceous par- : . s s . .

ticles. Very small amount of dark-gray 60 986-996 Recogaeﬁd 9 ft 8 in.: Microfossils abun

c;arbox;aceous clay shale in upper part 2 ft 4 in ., sandstone, medium-light-

of uni i

..... 875—-880 | Sandstone as above, and medmm-dark— to %;33:,’“: erglggﬁf;gﬁﬂigwgtyioa;cﬁ-
dark-gray clay shale; very silty in part. careous. One-inch bed of medium-
_____ 880885 | Sandstone, medmm-hght-gray, very fine- dark-gray claystone 1 ft below top of
grained, grading to siltstone. core. Sandstone grades into unit

..... 885~-900 Sﬂtstonfi, medxum-lllgllxlt-lgray, aarglllaceOU:, below.

noncalcareous; slightly sandy in par A
..... 900-910 | -Sandstone, very fine-grained, very: silty 1 g}(f tl;l:n ggiild:xﬁgrl:ingg at')l‘ov‘v,g, 1,-)il111t.’
and argillaceous, with some siltstone beds of clay ironstone in basal foot.
and a small amount of clay shale. 2 ft 6 in., clay shale, medium-dark-
_____ 910-938 | Bandstone, medium-light-gray, fine- to gray sli;;,htly silty, With rare siltstone
very ﬁne-‘gramed,. grading to very fine- lamil’lae and carbonaceous micaceous
grained, silty, argillaceous, very slightly partings in upper part that dip as

micaceous, nonca.lga.reous. - much as 8°

54 938948 Recove_zredf 10 I;t 2 in: Not sampled for 3 ft 2 in., can dstone, medium-light-
microfossils. -

Sandstone, medium-light-gray, fine- %;%usverﬁuﬁﬁgdﬁﬁme&p m}%fg&
grained, slightly silty, none careous Very ﬁ’ue carbonaceous micaceous
composed lof subaang\llll%r to sutbroulég partings in lower 6 in. dip 4°-18°.

f artz, wi .
g;?enfigrg ig‘gl?nﬁa:n;e%&r‘:and gray 61 996-998 Recofgggﬁg 2 ft: Not sampled for micro-
chert arbonaceous partings' rare ’ - . .
“between 944 and 945pft. A 1-in. Sandstone, lillght-grag, v%rsl' ﬁn:}-grmned,
bed of light-brownish-gray clay iron- slightly silty, moderately calcareous,
stone 3 in. above base of core. massive. .
Sandstone thin bedded and approx- 62 998-1, 000 | Recovered 2 ft: Not sampled for micro-

imately flat lying.

fossils.
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Sandstone, light-gray, fine-grained, very | _..__ 1, 2551, 265 | Clay shale, with small -amount of very
slightly silty, micaceous, very cal- argillaceous medium-gray siltstone.
careous, hard, massive; composed of | _____ 1, 265-1, 275 | Siltstone, with small amount of clay shale.
subangular to subround grains of | _____ 1, 275-1, 305 | Clay shale, with siltstone decreasing from
clear and white quartz with rare a half to a fifth of the sample, with
carbonaceous particles and dark rock - depth.

) fragments, | L____ 1, 305-1, 345 -| Clay shale, slightly to very silty, slightly
63 | 1,000-1,005 | Recovered 4 ft 2 in.: Not sampled for mijcaceous. o
- 1  miérofossils. =~ | ... 1, 345-1, 365 | Clay shale with some very argillaceous

Sandstone as above, with a few streaks medium-gray siltstone.
of clay shale and clay ironstone, less | ._.__ 1, 365-1,415 | Clay shale, medium-dark-gray, slightly
than one-fourth inch thick, in the up- silty, with some dark-gray very slightly
pez foot. Sandstone grades to medium carbonaceous clay shale at 1,380-1, 385
light gray, very fine grained at base of ft.
core. . T 1, 415-1, 429 | Clay shale, medium-dark-gray, with smalil

64-| 1,005-1,015 { Recovered 9 ft 8 in.: Microfossils absent. amount of siltstone and very rare py-

Sandstone as at base of core 63; non- rite.
caleareous, silty, argillaceous in lower 73 | 1, 429-1, 439 | Recovered 10 ft: Microfossils abundant.

) of core. Claystone, medium-dark-gray, slightly

65 | 1,015-1, 025 | Recovered 10 ft: Microfossils absent. to very silty, micaceous, nonecalcar-
) B Sandstone as in lower part of core 64. eous, with streaks of argillaceous
66 | 1,025-1,034 | Recovered 9 ft 1 in.: Microfossils absent. siltstone increasing from rare to com-

Sandstone as in lower part of core 64 mon with depth. - Fracture irregular,

.but moderately calcareous . in: part. except for some smooth, nearly ver-
67 | 1,034~1, 044 | Recovered 9 ft 7 in.: Microfossils absent. tical joint planes between 1,433 and
Sandstone as in lower part of core 64. .. 1,434 ft.
Rare carbonaceous micaceous lam- | _..__ 1, 439-1, 440 | No sample.

8 ingedip6®. | ____ 1, 440-1, 465 | Clay shale; slightly to very silty in part.
68 | 1,044~1, 045 | Recovered 7 in.: Microfossils absent. =~ | ._.__ 1, 465-1, 495 | Siltstone, medium-gray, very sandy, with
! Sandstone as above. - small amount of very fine-grained sand-

69 | 1, 045~1,055 | Recovered 10 ft: Microfossils absent. stone and some clay shale.

o Sandstone as above, but lacking lam- | .____ 1,495-1, 515 | Clay shale, medium-dark-gray; very silty
inae; grades to medium gray, very in part; some dark-gray slightly car-
argillaceous, with irregular streaks of -bonaceous clay shale, Pyrite very
medium-dark-gray carbonaceous mi- . rare. : .

’ caceous claystone at base. | ..___ 1, 515~1, 535 | Clay shale, medium-dark-gray; very silty

70 | 1,055~1, 065 | Recovered 10 ft: Microfossils absent. in part; very rare pyrite; siltstone in-

|+ "5 ft, sandstone as at base of core 69, creases from a very small amount to

i with abundant irregular laminae of nearly half the rock and then decreases
medium-dark-gray claystone; grades ] again, with depth.

into unit below. | _____ 1, 5351, 605 | Clay shale, medium-dark-gray, partly

5 ft, claystone, medium-dark-gray, very silty, with very rare pyrite.
silty and micaceous, nonecaleareous, | ~-__. 1, 605-1, 615 | Clay shale as above, with some siltstone;
with rare small carbonaceous plant echinoid spine at 1,600 ft. i
fragments, and irregular laminae of | _.___ 1, 615-1, 618 | No sample.
silty sandstone and siltstone. Top 74 | 1,618-1, 623 | Recovered 5 ft: Mierofossils rare.
of. Topagoruk formation at 1,060 ft. Claystone, medium-dark-gray, very

71 | 1,065~1, 066 | Recovered 1 ft: Microfossils common, . silty, micaceous, noncalcareous; sandy

Claygtone as at base of core 70. in part, with abundant intercalations

_____ 1,066~1, 075 | Clay shale, medium-dark-gray, noncal- and patches of siltstone with some
. caregus, with a small amount of silt- very fine-grained sandstone totaling
: stone in lower part. about half the rock. Irregular frac-

..... 1,075~1, 085 | Siltstone, grading to medium-gray very ture. .
fine-grained very argillaceous and silty | _____ 1, 623-1, 655 | Clay shale, medium-dark-gray, slightly
sandstone, with some clay shale. to very silty, with some medium-gray
_____ 1, 085~1, 090 | Clay shale, medium-dark-gray, silty. very argillaceous noncalcareous silt-
_____ 1,090-1, 095 | Siltstone, grading to sandstone, with a stone; sandy in part; siltstone increases
small amount of clay shale. from very small amount to nearly half
_____ 1, 095~1, 100 | Clay shale, with some siltstone and sand- the rock at 1,630 ft and decreases be-

- - stone. low that depth.

Note: From 1,100 to 1,665 ft ditch | _____ 1, 655-1, 715 | Clay shale, medium-dark-gray, silty.
samples from every second 5-ft unit | _____ 1,716-1, 765 | Clay shale, with very small amount of
were washed and examined. Below siltstone.

1,665 ft a continuous series of 10-ft | _.___ 1,755-1,850 | Clay shale, medium-dark-gray, partly

samples was recorded. silty, with rare pyrite. Sample from

_____ 1, 100-1, 209 | Clay shale, medium-dark-gray, noncal- 1,840-1,850 ft contaminated with sur-
careous. Some shale at 1,200-1,205 ft ) face gravel.

is dark gray and carbonaceous. 75 | 1, 850-1, 855 | Recovered 5 ft: Microfossils very abun-

72 | 1, 209-1, 211 | Recovered 1 ft 6 in.: Microfossils rare. dant. i

1, 211-1, 255

Claystone, medium-dark-gray, slightly
silfy, micaceous, noncalcareous, with
irregular fracture. -

Clay shale, medium-dark-gray, slightly
silty and. . micaceous, noncalcareous.

At 1,210-1,225 ft clay shale is medium

gray, nonsilty, and nonniicaceous.

1, 855-1, 870
1, 870-1, 880

Clay shale, medium-dark-gray, slightly
~ to moderately silty, micaceous, non-
calcareous.
Clay shale; samples contaminated with
surface gravel.
Clay shale, with small amount of silt~
stone and sandstone. :
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..... 1, 880-1,910 | Sandstone, medium-light-gray, slightly 79 | 2, 631-2, 641 | Recovered 9 ft: Miorofossils rare.
caleareous to noncalcareous, silty to | Clay shale, medium-dark-gray, slightly
very silty, argillaceous; composed of silty, noncalcareous, with common
subangular grains of clear and white laminae and rare thin beds (less than
quartz with some dark rock fragments 2 in, thick) of siltstone, crossbedded
and rare muscovite. Some siltstone in part, totaling about 5 percent of

* and claystone. the rock, and dipping as much as 10°,

_____ 1,910-1, 920 | Siltstone, similar in composition to the Gastroplites sp. at 2,634 ft.
sandstone above, with some sandstone | _____ 2, 641-2, 700 | Clay shals, medium-dark-gray, with very
and clay shale. ) small amount of medium-gray siltstone,

_____ 1, 920-1,970 | Clay shale, medium-dark-gray, slightly } .._._| 2, 700-2, 730 | Clay shale, with some siltstone,
silty, .} ... 2, 730-2, 784 | Clay shale, medium-dark-gray; slightly

_____ 1,970-1,990 | Clay shale, with some medium-gray silty in part; pyrite very rare in lower
glightly calcareous siltstone in upper 10 ft.
part. ’ 80 | 2, 784-2, 794 | Recovered 7 ft 8 in,: Microfossils rare.

—--=-| 1,990-2, 130 | Clay shale, medium-dark-gray, slightly Claystone, medium-dark-gray, slightly
silty, micaceous, noncalcareous; pyrite silty noncaleareous, with rare laminae
very rare at 2,100-2,110 ft and rare at of siltstone. Pelecypod shell frag-

: 2,120-2,130 ft. - ment Inoceramus sp. juv. cf. I. an-

_____ 2, 130-2, 145 | Clay shale with very small amount of glicus Woods at 2,784 ft.
siltstone in upper part. Ca cite very | __.___ 2,794-2, 870 | Clay shale, medium-dark-gray, slightly
rare. gilty and micaceous; rare medium- or

76 | 2, 145-2, 150 { Recovered 5 ft: Mierofossils abundant. medium-~dark-gray siltstone.

Clay shale, medium-dark-gray, slightly | _.___ 2, 870-2, 950 | Clay shale, as above, with a slightly
micaceous, noncalcareous; slightly larger amount of either medium-gray
silty in part; poor shaly partings dip slightly sandy or medium-dark-gray
about 4°. Gastroplites sp. at 2,148 very argillaceous siltstone.
ft. R R 2, 950-3, 000 | Clay shale, medium-dark-gray, with very

_____ 2, 1502, 190 | Clay shale, medium-dark-gray, with some rare light-gray siltstone and very rare
medium-gray slightly calcareous partly pyrite in lower 20 feet.
very sandy siltstone composing from 81 { 3, 000-3, 007 | Recovered 6 ft 2 in.: Microfossils very
10 to 40 percent of the rock. abundant,

_____ 2,190-2, 230 | Clay shale, medium-dark-gray; slightly Claystone, medium-dark-gray, slightly
silty in part; very rare pyrite. to very silty, micaceous, noncalcare-

_____ 2, 230-2, 270 | Clay shale as above, with small amount ous; has irregular fracture. Ditrupa
of very argillaceous siltstone. . sp. at 3,004 ft.

_____ 2,270-2, 408 | Clay shale, medium-dark-gray, micaceous, | ._.__| 3, 007-3, 070 | Clay shale, medium-dark-gray, with some

- ) slightly silty in part. A reverse fault dark-gray clay shale in upper 10 ft.
repeats beds of the Topagoruk forma- | _____ 3, 070-3, 100 | Clay shale as above, with some medium-
tion between 2,400 and 2,950 ft. gray siltstone and medium- and

77 | 2,408-2, 413 | Recovered 5 ft: Mierofossils common. ‘ medium-light-gray sandstone that in-

Claystone, medium-dark-gray, very creases with depth,
silty, micaceous, noncalcareous, with | _____ 3,100-3, 110 | Clay shale, medium-dark-gray.
rare intercalations of siltstone. Faint { _____ 3, 110-3, 150 | Clay shale with very small amount of
lines of pyrite %4 in. long scattered medium-gray siltstone and medium-
through the roek; echinoid spine in light-gray sandstone.
washed sample. | ___. 3, 150-3, 267 | Clay shale, medium-dark-gray, slightly to

78 | 2,413-2,418 | Recovered 5 ft: Microfossils common. . very silty, with small amount of dark-

Claystone as above. gray fissile shale,

_____ 2, 418-2, 430 | Claystone as- above, with very 'small 82 | 3, 267-3, 277 | Recovered 8 ft 11 in,: Microfossils absant,
amount of siltstone in upper part and Claystone, medium-dark-gray, slightly
sandstone in lower part. to very silty, micaceous, noncalcare-

_____ 2, 430-2, 450 | Sandstone, medium-light-gray, very fine- ous with irregular fracture,
grained, very silty and argillaceous, | _____ 3, 277-3, 340 | Clay shale with small amount of medium-
noncalcareous; composed of angular gray very fine-grained sandstone com-
grains of white and clear quartz, gray posed of angular grains of white quartsz,
chert, and dark rock fragments, with gray chert, and dark rock fragments

S very rare muscovite, . in about equal proportions.

_____ 2, 450-2, 460 | -Clay shale, with small amount of siltstone. | _____| 3, 340-3, 441 | Clay shale, medium-dark-gray; slightly to

—--—-| 2,460-2, 490 | Sandstone, medium-light-gray, very fine- very silty in part.
grained, very silty and argillaceous; 83 | 3,441-3, 450 | Recovered 7 ft: Microfossils very rare.
grades to medium-gray slightly to very Claystone, medium-dark-gray, slightly
sandy - argillaceous noncalcareous silt- to very silty, micaceous, noncalcare-
-stone with some clay shale. ous, with scattered small lenses and

..... 2, 490-2, 540 | Clay shale, medium-dark-gray, and me- intercalations of sandy medium- to

. : dium-gray argillaceous nonsandy silt- medium-light-gray siltstone a quarter
stone, decreasing gradually from a half - inech or less thick, totaling less than
) to a quarter of the rock with depth. R . 5 percent of core and dipping 5°-10°,

_____ 2, 540-2, 590 | Clay shale, medium-dark-gray, with soms |~ 3,450-3,510 { Clay shale, medium-dark-gray, slightly
dark-gxéayf clia.yt shale and very small ‘ silty,
amount of siltstone in upper part. y ; ot P

_____ 2,590-2, 631 | Clay shale, with small amount of medium.- | -----| 3, 810-3, 520 | Clay shale, with small amount of medium

. and medium-dark-gray siltstone; silt- ) gray very arg '
gtone contains larger proportion of dark | <---- 3, 5203, 530 |. No sample.
rock fragments and gray chert and is | ____._ 3, 5303, 606 | Clay shale, medium-dark-gray, with very

- very argillaceous.

small amount of siltstone.
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84 | 3, 606-3, 616 Reé(l)verelclia 91t 6 é}l.: l\lciiicrofossils absent. |..... 4, 450-4, 610 | Clay shale; silty in part; rare pyrite in
] ay shale, medium-dark-gray, slightly lower part. ]
fﬁt); and fmicia,ceous, w(iith ’commlon 93 | 4, 6104, 620 Recov];erec;l1 9 ft 2 in.: Microfossils very
aminae of siltstone and very silty abundant.
a5 | 3 616-3 621 | N clay shale, dip 9°. - Clay shale, medium-dark-gray, very
o recovery. slightly micaceous, noncaleareous;
86 3: 621—-3: 626 Re((ioverel;ia 12 ft: Microfogzils absent, very slightly Zilty in part; abundant
lay shale as in core 84. silty laminae dipping 10°.
_____ 3,626-3,690 | Clay :ll;ale, mediufm&da;k-gmy, with }\lrery cow--| 4,620-4, 787 | Clay shale, medium-dark-gray, slightly
small amount of dark-gray fissile shale. silty in part; rarely very silty; pyrite
_____ 3, 6903, 787 | Clay shale; very silty in part; very small rare. Some 'dark-gray fissile cls’xy shale
amount of very argillaceous siltstone. at 4,710-4,720 ft. Top of Oumalik for-
871 3,737-3,747 | Recovered 1 ft 11 in:"Microfossils absent. ) mation at 4,700 ft. .
| Cla.yistone, medjm;a-darkgrﬁy, silty, 94 | 4,787-4,797 | Recovered 9 ft 6 in.: Microfossils very
micaceous, noncaleareous; has irregu- : v rare.
lar fractur’e. ! Clay shale, medium-dark-gray, very
88 | 8,747-3,750 | Recovered 6 in: Microfossils rare. slightly micaceous, noncalcareous,

Claystone as in core 87, with very with abundant very faint laminae and
abundant intercalations of silty clay- thin be«}s (less than a half an inch
stone. thick) of slightly silty clay shale that

..... 3, 750-3,790 | Clay shale; ’\frery silty in part; very small are a.olittle lighter in color. Laminae
amount, of very argillaceous siltstone. dip 4° at top of core; dip increases

_____ 3, 7903, 830 | Clay shale, medium-dark-gray; very silty 4 797-4 870 | © gradually to 9° at base.

in part. B y (97— lay shale, medium-dark-gra artl

_____ 3, 830-3, 870 | Clay shale, with small amount of very ' si?lyty. ’ By, partly
argillaceous siltstone, | _____ 4,870-4, 890 | Clay shale, medium-dark-gray, silty,

_____ 3, 870-3, 877 Cla;lr shale, medium-dark-gray, slightly with very smal(l1 amount of siltstone in
] silty. upper part, and very small amount of

89 | 3,877-3, 887 | Recovered 5ft 6 in.: Microfossils very rare. brownish-g;*ay very yfi)'le-grained sand-

Claystone, medium-dark-gray, slightly stone composed of angular grains of

isg?;ul I;lruf:::ggl\:rsé no‘;l:ralczr%olt;% .;1:2 cle:;r quartz with a slightly brownish

. y rar i cast.
ﬁomedium-light-gray siltstone dip | --.-- 4, 8904, 985 | Clay shale, slightly to very silty, with
) ; . ' ’ very rare fragments of brownish-gra
..... 3, 8874, 087 Cla.lslr xshale,ll medﬁlm-dark-graf;ya slightly very fine-grained sandstone at 4‘,910z
silty, with small amoéunt of dark-gray 4,920 ft.
. ﬁSBll(’a clay shale in lJower part. 95 | 4, 985--4, 995 Recovered 7 ft 9 in.: Microfossils very
90 | 4, 087-4, 097 | Recovered 7 ft 2in.: Microfossils rare. rare,

Claystone, medium-dark-gray, very Clay shale, medium-dark-gray, very
slightly micaceous, noncaleareous; slightly micaceous, noncalcareous,
veryfshgzl.bly sil’iy in part; };as il:l‘%%il— wit&h tal,ll_)un%zgt zlery ia}a;int 1ami}111ale%

racture. Laminae of slightly an in s (less than one-ha
) : lzigslter-colfrei{d si(llty i:lay('istorzxgo dip inch thick) oof slightly silty clay shale,
T - : 20°; rare slickensides also dip . dipping 23°. Rare bedding-plane
_____ 4,097-4, 220 | Clay s}{ale, medium-dark-gray, slightly sligﬁen%ides also dip 23°. &P
iﬂfmtl}g (1)'a1fe' ?iﬂzsg%l(l)'i :,g (;1(,)1&0—4,11'0, _____ 4, 995-5, 130 Clgy shale, lznedium-dark-gray <'i s%(ightly
3 an . o very silty in part; some dark-gra
91 | 4, 2204, 232 Rec’overed 6’ft 6 in.: Microfossils very fissile clay shale; rare fragments o)f,
Cl;;rs%o'ne " medium-dark-gray, ver ;)tr own;ihs-%‘gg ftver}IrS ﬁne—fgr (:)ainedl‘ska;l d
- - one X . Base of Oumali -
slightly_" micaceous, non’ca’léareous}; mation is at about 5,100 ft; it is oirn
;rer); slightly silty infp?ﬁ;t ; ilrregular . &gult contact with repeated beds of the
al;aécclll‘{):ébeddg(lil,n ?ﬁpo 1521°-’é3°’.1y8t°ne _____ 5, 130-5, 140 01a;psa§§f§ kagor;?o%%g,n'with very small
..... 4, 2324, 320 Clai)l'ts?ale;siliy;f)%:r%)’f 1;sil’cy in part; rare amoun’gltof; medium-gray very argilla-
siltstone a ( . ~ ceous siltstone.
_____ - 4, 320-4, 350 | Clay shale, with small amount of siltstone. | _____| 5, 140-5, 185 | Clay shale, as above. :
-----| 4,350-4, 370 Cl:g s%allle,lfvggh Silﬁsal;e incrzzségg tg 96 | 5,185-5,195 | Recovered 6 ft 6 in.: Microfossils very
out ha e roc ween an rare.
) 4,370 ft. o ’ Clay shale, medium-dark-gray, very
_____ 4, 3704, 400 Clagt:thale,. with very 1;small amount of sli%}I:tlyb rrg'caceous, fnoncalcareous,
8 one in upper part. with abundant very faint flat-lying
..... 4, 400-4, 420 | Clay shale, medium-dark-gray, partly laminae and thin beds of slightly
{ 4204 suty. 5,105-5, 230 | Clay shalo a5 above,
) . . O : ~ ay shale as above, with rare siltstone.
--e 4, 4204, 433 Clsaz) ;ehale, with very argillaceous silt- | ~~="- 5, 230—5,’ 310 | Clay shale, mediu;n-dark-gray; slightly
g : i R . silty in part.
92 | 4,433-4, 443 Regl):@re%;’l ft 2;11‘-15 Mlcl‘OkaSSllS rare. | _____ 5,810-5, 360 | Clay shale as above, with very small
gy e sy, vy B Y Mrlacsons theciun-
2 2
very slightly silty in part; abun- [ ___ 5, 3605, 385 01§§ 2hale as above.
_ gi‘;?;i nf;lil;o g},lty, very even laminae 97 | 5,385-5, 395 Reé?verem ft: Mié:rofossils absent.
v : -3°. ay shale, medium-dark-gray, very
_____ 4,443-4,450 | Clay -shale, medium-dark-gray, partly slightly n;icaceous, with common ﬁa’g-’-

silty, with a very small amount of silt-
stone,

lying laminae of medium-gray argil-
laceous siltstone.
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Lithologic description—Continued

Depth (feet)

Remarks

102

5, 395-5, 585

5, 585-5, 595

5, 595-5, 630
-| 5, 6305, 700

5, 700-5, 785

5, 7855, 795

5, 795-5, 883

5, 883-5, 903

5, 9035, 940
5, 940-6, 052
6, 052—6, 072

6, 072-6, 110
6, 110-6, 185

6, 185-6, 200

6, 200-6, 212
6,212

Clay shale, medmm-dark-gray, ;With.very .
rare siltstone; echinoid spme at '5,410
ft.

Recovered 8 ft 9 in.: Mlcrofossﬂs very
abundant. .

Clay' shale, medium-dark-gray, very
slightly micaceous, with common flat-
lying or rarely crossbedded laminae of
medium-gray argillaceous . siltstone.
Thin (et m) beds of ollve-gray
clay shale rare.

Clay shale, medmm—dark—gray, shghtly
-silty in part.

Clay shale, medmm—dark-gray, shghtly
silty, with very small amount of argil-
laceous siltstone; yery small amount of
medmm-hght-gray very argillaceous
sandstone at 5,630-5,650 ft.

Clay shale, medmm-dark—gray, slightly
silty in part; crinoid ossicle at 5,730 ft.

Recovered 8 ft 9 m Mlcrofossﬂs com-

mon.

Clay shale, medium dark-gray,: very
slightly micaceous, with common
medium-gray arglllaceous ‘siltstone
laminae that dip 9°. - Two ¥-in.
})eds of ollve-gray clay shale at 5,784
t

Clay shale, medmm-dark—gray, slightly
silty in part; ra.reiy very silty; crinoid
ossicle at 5, 800 ft.

Recovered 4 ft 2 in.: Microfossils very

- abundant.

Clay shale, medjum-dark—gray, véry
- glightly micaceous, with common
medium-gray argillaceous siltstone
laminae that dip 10°. Crinoid ossicle
in washed sample.

Clay shale, slightly silty in part, with rare
s11tstone

Clay shale, medium-dark-gray; slightly
silty in part; commonly fissile.

Recovered 17 tt 6 in.: Microfossils very

Clay shale, medium-da.rk-gray, _very
slightly micaceous, with common
medium-gray arglllaoeous sil{stone
laminae that dip 3°.

Clay shale, medmm—dark—gray; slightly
silty in part.

Clay shale, med:um«iark—gra.y, with rare
very argillaceous! siltstone beds at
6,110-6,120 ft and rare medium-light-
gray very fine-grained, very ‘argil-
laceous sandstone at 6,140-6,150 ft.

Recovered 14 ft 6 in.: Microfossils very

Clay shale, medmm-da.rk—gray, . very
slightly micaceous, with common
laminae of medium-gray argillaceous
siltstone and silty clay shale, dipping

Clay shale, medium-dark-gray, with rare
argillaceous siltstone.
Total depth.

CORE ANALYSES

The porosity and permeability of samples from
Umiat test well 2 are shown in the following table.
The effective porosity was determined with the Wash-
burn-Bunting porosimeter; and the; air permeability,

with a Hayward permeameter.? Sjeve analyses were
made with two groups of samples, using different mesh
sizes in part; results of these analyses and specific-
grawty data are glven in the following tables.

"Analyses of core samples Sfrom Umwt test well 2

Depth (feet) Effective poros- | Air permeability
B ity (percent) (millidarcys)
320 _ . 13. 3 20.0
b 5. S 17.0 72.0
3_9}2, ___________________________ 18.4 78.0
afo_ LIl 12.8 <10
L >y 9.2 <10
444 T I TTIIITITIL 8.2 <10
qa9 T T TITITITITIT 10.5 <10
458 . 8.7 <10
491 s 15.7 42,0
493 _ o 15.8 36. 4
498 _ e 14. 3 270.0
517 o Ll . 8.6 5. 85
525 . oo 10.0 <10
528 . 12,6 9.8
4 4 D 1901 | oo
7895 e 16.7 | _____
798 . e el 171 .
798 . . 19. 3 164. 0
797 o e 18.0 65.0
800, . Ll __ 16.8 (. ___..__
802. i 17.7 187.0
827 14. 8 10. 7
838 147 14.9
834 el 12.7 9.6
889 . ol imeae . 12.0 17.9
848 17.2 7.5
939 . e 12.8 <10
942 ol 11.3 <10
049 e 11.5 <10
953 11.8 <10
: 10. 5 <10
960 11.6 4.4
11. 6 <10
13.83 |
9.1 <10
13.4 |- _______
16.9 | .. ____-.
15. 4 <10
10.9 3.5
13.1 4,1
13.8 4.2
12. 2 <10
11. 7 <10
10.2 <10

1 Carbonate content 13.8 percent by weight.

Sieve analyses of samples from Umiat test well 2 using American
‘Society for Testing Materials sieves that approzimate the Went—

worth grade scale

" Depth 35 mesh | 60 mesh | 120 mesh | 230 mesh 325 mesh| <325 .
(feet) (ooarse) | (medi . (fine) (vcg' (silt) mesh Total
um) (clay)

67.60 { © -13.00 1.39 16. 85 99. 66

67.00 12.91 1.08 16. 59 99. 10

62.00 17. 40 4.50 15.10 99, 94

44,25 37.50 2.26 18.15 100. 16

"65.3 9.35 3.7 16.25 99.05

- 3 Additiénal studies of pefmeabmty, made by P. D. Krynine, resulted in the

following data for samples from 491, 80!

2, and 839 feef, res|

ively fresh-water

permeablhty 1. Smﬂ]idarcys, 0.25 millidarcys, and impermeab e; brine permeéability,
1.9, 97.5, and 0.4 millidareys; ‘Klinkenberg alr permeability (i. e., permeability at
pressure) - before liquid flow: 220, 131, and 7.4 mﬁlldarcys, mlnkenberg

te
| air permeabllity after liquid flow: 18.5, 100, and 1.84 millidareys.
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Sieve analyses of samples from Umiat test. well 2 using American
} Soczety for Testmg Materwls mves

Grain sizes
(percent) !
. Depth (feet) . ] ]
60 mesh 120 mesh | 230 mesh | <230 mesh
(medium) (fine) (very fine) | (silt and Total
L clay)

17.3 53.8 28.9 100.0
22.0 38,1 40.0 100.1
46.4 27.1 26.2 100.0
4.2 20.2 . 26,8 1001
62.0 15.1 | 2.4 99,9
. 73.3 9.5 |: -.-12.8 100.0
4.6 2.8 21,3 100.0
67.0 16.0 16.6 }-... 100.1
- 19.5 43.9 36.6 100.0
960. . . 38.3 g25 ..35.8 4 :100: L
4.7 . 9 20.4 100.0
1,023 R R ¢ 51.8 -130.1 100.0

! The 40-mesh (0.42 mm) Sq_'oen was al.so used, but no.grains were retained on it.

Specific gravity of s‘""I’le‘?’ft‘om Umiat test well 8

Depth (feet) Specifie Rock type
gravity
310 2.3 | Clay shale. :
446 2.5 | Very ﬁne-gra.med sand!stone
. 578 2.5 Claystone.
751 2.5 | Claystone. '
1, 040 | 2.49 | Very ﬁne-gramed sandstome. -
1,619 2. 55 | Silty aandstone
2, 147 2.5 | Clay shal
2, 632 2. 48: Slltstone
3,612 2.5 | Clay shale:
4 434 © 2.5 7| Clay shale.
5 391 2.5 Clay shale, with silty lammae
6, 060 2.5 | €lay shale.

PETROGRAPEUC AN. ALYSES

A detailed petrographic study of thin sections of three
graywacke sandstone samples from Umiat test well 2
was made by Paul D. Krynine (in Payne and -others,
1951). The data are presented below and ‘in the
following table,

The sample from-491 feet is & very ﬁne—gramed gray-
wacke sandstone composed of -unoriented very . poorly
sorted mineral grams which are only slightly sorted in
size. The matrix is very evenly distributed and con-
sists of detrital and authigenic clay minerals and micas,

besides a large volume of soft. clay masses and slate |

fragments which are poorly consolidated and would
disintegrate in & mechanical analysis or swell on hydra-
tion. The cement is relatively disseminated, as coat-
ings of secondary quartz, and the rock is bonded by
adhesion of the clay minerals.

~ Grains of quartz, the most common mineral, are
angular and many are elongated. Most of the quartz
is of igneous origin, and some is from pegmatites or
~ veins, judging from the:large number of bubbles,
muscovite inclusions, #nd tomb structure. - -A_ small
amount shows undulatory dtion” typical of meta-
morphic origin. . Chert is l‘are .and of several varieties
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ranging from ecryptocrystalline to very fine grained
and from colorless to deep yellow. Metamorphic rock
fragments are the most abundant constituent and in-
clude metamorphosed siltstone; slate composed  of
sericite and illite; phyllite (wavy) made up of sericite,
illite, and chlorite of different colors; and schists con-
sisting primarily of sericite, muscovite-sericite, quartz,
or chlorite. Grains are angular, elongated, and usually
smaller than the quartz grains. Feldspar is primarily
sodic plagioclase, and the grains are unweathered.
The matrix consists of kaolinite and montmorillonite,

. partly as aggregates and masses of many shapes and
_sizes that may exceed 0.1 millimeter in diameter.
. evenly distributed through the rocks. In some places

Itis

authigenic illite and some chlorite surrounds and rarely
replaces quartz grains. It forms very thin ceatings on
at-least half of the wall spaces, as well as thin, elongated
masses between grains. True cement, as secondary
quartz overgrowths, is very rare. An X-ray diffraction
pattern of fine material (<0.044 mm in diameter, which
passed the 325-mesh sieve) shows it to be 49 percent
quartz, 31 percent of illite, 8 percent of montmoril-
linote, small amounts of albite and kaolinite and rare
chlorite.

Petrographzc charactemstw& of sandstone from Umzat test well 2
[Determfned by Paul D. Krynine]

Samples by depth
Chargacteristic
401 feet 802 feet 839 feet
Texture
Average diameter range..... mm.. 0.03-0.20 0.03-0.20 0.04-0.25
Principal mode. ____________ mm..: .. 0.12 0.14 0.12
Grains: matrix: cement ratio in’ 85:14:trace 90:9:1 86:14:trace
percent.
Grain composition in percent

32 45 24
4 33 9
2 2.5 7

| U IR 1

42 11| 42

] 3 3

1 Trace Trace

Present N
Present (... ____.___. Present

Trace

1

2

10

Trace

| 23

mi

Visible porosity...._._._ percent._ 1 8 2
Residual porosity...-o.ooo ..o Very poor Fair Very poor
Bonding" m&tetiaL..-_...___._..;.. ite, Kaolinite, Tilite, kaoli-
kaolinite | montmorillo- nite, monts

nlte morillonite

Clay-coated wall area_ - _percent.- 85 86

Wall coating . ... ..____ type.. Ilite, Illite, Tlite,
kaolinite kaolinite, ka,ollnlte,

‘| montmerillo- montmorito-

nite nite

Potential hydration. ... .._.-a< High Very high igh
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The visible pore space and the residual porosity are
very small in size and in percentage of rock volume,
and the wall spaces are coated with clay minerals,
mostly illite. Montmorillonite is abundant and dis-
seminated through: the rock, further decreasing the
pore space. -As:a result, the rock has very poor reser-
voir characteristics for storage or yield of oil. ‘

The rock from 802 feet is another graywacke sand-

stone, composed of -angular to subangular fine-sand

grains, with about 10 percent matrix and & very small
amount of sécondary quartz cement. The dominant
mineral is quartz,” which occurs as nearly equant,

gome from pegmatites or veins and some from meta-
morphic rocks. “ Chert is another important constit-
uent, “occurring in' somewhat larger, better-rounded
grains than the quartz. It ranges from cryptocrys-
talline to fine grained and from colorless to ~pale
yellow. Rock fragments are much less abundant than
in the sample at 491 feet but include the same rock

schists.
feldspars and biotite or chlorite flakes.
or brown tourmaline is present.

The matrix, which is evenly distributed through the
rock, consists mostly of kaolinite and montmorillonite
in aggregates and masses of different sizes, and grain-
coatings of undifferentiated. kaolinite or montmoril-

lonite.. Authigenic illite is also common surrounding |

and partly replacing some quartz grains, and acting as
8 bond between grains,., It may be in thin coatings, or
as elongate masses, the former covering nearly a quarter
of the grain surfaces. An X-ray diffraction pattern
shows the fine material (<{0.044 millimeter in diameter,
passing the 325-mesh sieve) to be 62 percent of quartz, 21
percent, of illite, and small percentages of albite, mont-
morillonite, chlorite, and kaolinite.

The rock would be a fairly good oil reservoir, as it
has large pore spaces and well-developed residual
capillary porosity, although well over half of the grain
surfaces are covered with coatings of clay minerals,
mostly illite. Montmorillonite is common as dissemi-
nated particles and would lower the permeability
greatly unless care were taken to prevent hydration.

. The very fine graywacke sandstone from 839 feet is
very poorly sorted, mineralogically, and the grains
show no orientation. They are generally angular,
with some subangular grains, and are bonded by ad-
hesion to the clay matrix. Cement consists of seattered
coatings of secondary quartz and tiny particles of
carbonate minerals. Quartz that makes up about a
quarter of the rock is igneous in origin; & small amount
came from pegmatites, veins, and metamorphic rocks;
chert is uncommon, About half of the rock consists

i
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'of metamorphic rock fragments, including meta-
- morphosed siltstone, slate, phyllite, and rare grains of
' schist.
“flakes are very scarce.
ikaolinite with some montmorillonite, as aggregates,

Igneous rock fragments and feldspars and mica
The matrix consists mostly of

masses, and minute particles., Authigenic illite is

- | present, surrounding and partly replacing some quartz
.grains as coatings or elongate masses.

An X-ray
diffraction pattern of the fine material (<0.044 mm in
diameter, passing the 325-mesh sieve) shows it to be

~composed of quartz and illite, with small amounts of
: etz “montmorillonite, albite, kaolinite, and chlorite.

rarely elongated grains. Most of it is igneous, with |
: pore spaces; and both residual capillary and pore
“spaces are lined with a thin coating of clay minerals,

The rock contains an.-unusually small number of

mostly illite. If hydrated the abundant and dissemi-
nated montmorillonite would greatly reduce the yield

. capacity of the rock. This, with the small number
and size of pore spaces, makes the rock a very poor
: reservoir. '
types—metamorphosed siltstone, slate, phyllite, and |
Igneous rock fragments are very rare, as are |
Some green

HEAVY-MINERAL ANALYSIS

A dozen heavy-mineral samples were examined by
Robert H. ‘Morris, who found them all to be within the
hornblende zone; the zone as defined by these samples
ranges from 400 to 1,044 feet. A chart of heavy-

- mineral occurrences is presented on plate 10.

OIL AND GAS
‘OIL AND GAS SHOWS

The oil and gas shows recorded at the well site by

L. C. Riggins, Arctic Contractors geologist, and at the
Fairbanks laboratory by W. N. Lockwood and R. M.

 Chapman, of the U. S. Geological Survey, in 1947, are
" shown 'in the following tables.

When the cores were
reexamined, in 1954, they had lost all but the strongest
indications of petroleum. A small flow of gas came
from the 11¥%-inch casing when the blowout preventers

- were removed. (See section on Gas and water analyses.)

Oil and gas shows in Umiat test well 2 recorded by
Arctic Contractors

L. O. Riggins]
' Deplh (feet) - Shows
125-130. . - _____._ Good kerosenelike odor. No oil show
‘ on ditch or mud under ultraviolet
light.
1830-160_ - ... Gas odor, decreasing with depth; no oil
show.
250-255_ _ - ______ Thin beds have show of oil, good kero-
’ sene odor.
316-335_ . _.________. Bled light-gravity greenish-yellow oil,
" with some gas bubbles, and strong
: kerosenelike odor.
355-365. - e Kerosene odor.
387-392. .. - Bled oil.
8392-395. e Good light-colored oil stain, strong kero-

sene odor; first show of oil in the ditch.



01l and gas shows in Umiat lest well & recorded by
. Arctic Contractors—Continued

Depth (feet) . Shows

895-418__ ___________ Good light-colored oil stain.

386-444_________._.. All rock types have oil, depending upon
the porosity and permeability.

444-4569_ . __-__._ Good kerosene odor.

482-487 . Good oil odor.

489-492_ . ___.___.. Good oil odor.

492-499_____________ Excellent oil odor, bled oil in part

499-500_ . _______.. Good oil odor.

509-519. - ccomeeoo Good oil odor, good gas show.

525-529_ _ . ___.o-. Good to excellent oil odor; oil stained in
part.

665675 . .._-___ Slight oil odor.

TT0-778_ Excellent odor.

789-822__ . . ... Strong petroleum odor, some gas odor
when core barrel was opened. Sand-
stone contains water in lower part.

824-834. .. _._______ Good oil odor but wet.

834-843__ . ___. ... No oil odor at bottom of core.

986-990_ - oooooonooa Good petroliferous odor.

1,007-1,015_ - ... . Fair to good oil odor.

1,017-1,019. ______.__ Good oil odor.

1,019-1,028___.__._._ Fair oil odor.

1,034-1,037_ ... Slight oil odor.

0il and gas shows in Umiat test well 2 recorded by
U. 8. Gedlogical Survey
[W. N. Lockwood and R, M, Chapman]

Depth (feet) - Shows

317-332. __...--u-.- Petroleum odor.

832-8334- oo Slight petroleum odor.

884-8335_ oo Petroleum odor.

335-839. - aanicaon Slight petroleum odor.

339-842_____..__.__.. Petroleum odor,

387423 _ e Petroleum odor.

423438 _ . ... Petroleum odor in part.

442-463_ . - Petroleum odor.

484-485_ _ . _._ Petroleum odor.

490-500. - ioceeooo Petroleum odor.

517-819:_ .- Slight petroleum odor.

524529 .. Strong petroleum odor in part.

7T0-780_ .. Strong petroleum odor.

788-790_ . _____.______ Petroleum odor.

"790-810_ . _.__..___.. Strong petroleum odor. . ,

824834 . ____._____ Strong petroleum odor a.nd discolora-
tion.

834-843__ - __._____._ Petroleum odor in part.

938-948_ . ___ ... Slight petroleum odor.

956-966. . . oo Strong petroleum odor in part.

991-996._ . ____.___._ Petroleum odor.

1,009-1,015_ ... ___-- Slight petroleum odor.

1,015-1,025_ . ________ Slight petroleum odor.

FORMATION TESTS

Production tests in Umiat test well 2 were all made by
bailing. . The tests recovered fresh or brackish water
with a skim of oil and very little gas.

Test 1, 103-3845 feet—The hole was bailed dry and

the water contained only a very slight show of oil and
gas.
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Test 2, 389~/ feet—Sections of 2%-inch open-end
tubing were run to 440 feet, with a packer set on a
shoulder at 381 feet. The packer failed to hold on first
two attempts to swab; the third attempt was successful,
and the well was swabbed dry but showed no appreci-
able gas or oil. " Some mud was removed from the wall
of the hole by agitating the water, and the hole was
allowed to stand for 8 hours. The packer was reset,
and the well swabbed for 9 hours; a strong oil odor was
noted, but no oil was recovered. The packer was re-
moved, more perforations cut in the anchor pipe, and
the packer reset. The hole was swabbed and. washed
at 30-minute intervals, producing a gas odor and slight
oil stain on the wash water. Continued swabbing, re-
covered 30 gallons of wash water, with a stain’ of oil,
with two runs of the bailer.

Test 3, 103~444 feet—The hole from 381 to 418 feet
was reamed t0 15% inches and bailed dry; on]y a shght
show of oil and gas was noted.

Test 4, 103-644 feet—Drilling mud was replaced VVlth
water for a bailing test. The hole was bailed down and
allowed to stand for 15 minutes, then bailed again, with
a recovery of 25 gallons of fresh water with a skim of oil.
After 15 minutes the same quantity of water, with a
skim of oil, was recovered. - After 1 hour 25 gallons of
water and 1 pint of oil were recovered on each of 5 trips.
After 2 hours 25 gallons of fresh water and 1 pint, of 011
were bailed per trip. o

Test 6, 766-822 feet—The packer run on 24-inch
open-end tubing was set at 752 feet but did not hold.
The hole was reamed to 753 feet, and the packer reset;
it failed again, came loose, and was recovered. The liole
was reamed to 755 feet, and the packer was set success-
fully. One barrel of drllhng mud and - brackish water
with a skim of oil was swabbed at & rate of 1 barrel an
hour for 6% hours. Continuous swabbing then recovered
about 2 barrels of brackish water with a slight show of
oil and a small amount of gas. Swabbing was discon-
tinued for 10 hours; the hole was then swabbed twice,
and 30 barrels of brackish water (3,000 ppm chloride)
with a film of oil was recovered.

GAS AND WATER ANALYSES

After the total depth of 6,212 feet was reached, the
hole was bailed to 950 feet in preparation for a tempera-~
ture survey; and when the blowout preventers were
removed, a small flow of gas came out of the 11%-inch
casing. In preparing to test the volume and pressure of
the gas, the hole was reentered to bail it down.- The
fluid level was found at 730 feet, and a water sample was
taken at that depth. The hole was bailed to 1,075 feet,
and the gas flow, as measured by & water manometer,
was estimated at 15,520 cubic feet per day, probably
from a sandstone bed at 1,030-1,060 feet. The casing



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

‘was closed in, and pressures were measured with a 200-:
pound steam-pressure gauge. The pressure was re-:
corded at irregular times, 2-30 hours apart, for 12 days
and every 24 hours for the next 11.days. For the first:
5 days, the pressure ranged from 0.to 62 pounds per s :
square inch; & casing weld leaked and wa.g) reweldzd;f composed of a drilling foreman, petroleum engineer,
four 1-gallon samples of gas were taken during that:
time. The pressure rose to 86 pounds in the next 2
days, remained at that figure for 2 days, and then de-!
clined, dropping at a slowly decreasing rate (6 Ib per:
day at first, 1 1b per day at the end of the test) to 20
pounds, when the last record was made. The casing
leaked threughout the last part of the test, but the de-:
cline in préssure was believed to be the result of a rise
in fluid level in the hole, which shut off the producing’

sandstone,

following table.)

Analysis of gas from Umiat test well 2
[Analysis by Natl. Bur, Standards] '

. : D% Mole:

Component - .- . R . percent .
Methane_ _____.______ S SR SR Semo-il 82,0
Bthane. o i el 2.3
Propane__._:_.__. e m i - O Leles .60
‘Carbon dioxide. .. w_uowo v ol .. 1.7
TOIIEDE e e oo e e S e L2
Cy eyeloparaffins_ ... ... 2.1
Heptanes. .o .- O S 2. 40
Xylenes_ _ o liieiieocoiiemea Il SRR
.Cs cycloparaffing. ... _. R SLET S 5 &
Octanes. o oo i eeea i B8

Two samples of water from the hole were analyzed :
by the U. S. Bureau of Mines. ‘The first was.taken,
during the first formation test, when the hole was 345
feet deep; the second was taken with the fluid levéliat

730 feet, after the hole was completed, as described

above. Although the second sample contained more
salts than the first (see following table), neither.
approached the salt content (35 000 ppm) of normal

sea water.

Analyses of waler from Umiat test well 2 in parts per mzllwn

(milligrams per liter)
[Amlyatsbyu 8. Bur. Mines]

Radieal - . 7 ") Bsmpletrom | Sample from
- 345feet | 730 feet

LOGISTICS

Information on logistics presented here for Umiat
test well 2 was furnished by. Arctic Contractors.
Permanent personnel—The supervisory staff was

and geologist. The rig crew consisted of 2 drillers, 2
derrickmen, 6 floormen, 1 heavy-duty-equipment
mechanic, and 1 welder-mechanic. A carpenter, 1
oiler, 1 timekeeper-clerk, 2 cooks, and 1 cook’s helper
were also.employed.

- Temporary personnel.—The following temporary
workers were employed at the rig at different times: 4
rigbuilders, & cable-tool driller and helper, 5 carpenters,
a Schlumberger engineer, the chief petroleum engineer,
an extra laborer, an extra tractor operator, and 2 men

One of the gas samples was analyzed by the National | Who helped make the well-velocity survey.

Bureau of Standards, using-a mass spectrometer (See .
| made up of 11 jamesway huts and 3 wanigans (small

Housing—Besides the rig, the camp at the site was

1-room building generally mounted on runners or skids
to facilitate moving.) Seven of the jamesway huts
housed 4 men each; 3, set up end to end, made up the
galley and mess, and 1 housed galley stores. One
wanigan; serving as the store and hospital, was able to
house the hospital corpsman and 1 or 2 patients; 1 was
used as an office, which contained radio equipment as
well; the third, made of celotex and wood and mounted
on Micheler go-devil-type sled, was a combined labo-
ratory and sleeping quarters for-the geologist.

Vehicles and heavy equipment—Men and materials
were transported by a D8 Caterpillar tractor, a 1%-ton
4 by 4 truck, two weasels (military, fully tracked,
amphibious vehicles), a jeep, and a T-9 crane (cherry-
picker). Besides these, a Model 25 Northwest crane,
a D8 Caterpillar tractor with carryall, and an Athey
wagon were brought from Umiat when needed.

The drilling eqmpment used by Arctic Centractors
is given below:. '

| D Ideco 122-ft steel derrick with 7 ft 3-in,
- - .. . derrick substructure.

) ‘National 50 drawworks.

2. Caterpillar D13000 diesel engines.

) B, ‘Ideco 200-ton crown block.

1.__._.._... Emsco 4-sheave traveling block, type NC-36.

1__..._... Emsco gwivel, type AB-6.

) DU Idesl 17%—1n rotary table.

1. .- Byron-Jackson 125-ton hook. ‘

1. Gardner-Denver 5- by 10-inch pump.

2 - Gardner-Denyer 7%-.by 10-in. pumps.

) O Gardner-Denver 4- by 5-in. pump.

| DR yeler industrial engine.

) BRI Bmdenck 75 hp boiler.

) B Oilwell 6~ by 4- by 6~in. boiler-feed pump. -

) D Lmk-Belt 48- by 60-in. mud screen.

1._.__..._ Baash-Ross 4%-in. by 45-ft hexagonal kelly.

1......... Baash-Ross 3%-in. by 33-ft square kelly.

) General Electric 25-kw-generating light plans,



; DR "O"Keefe-Merritt 15-kw-generating hght plant -
(spare).

) D Schramm air eompressor, 210 CFM, model 428,

1...__-__. Bolted steel 250-bbl water tank.

S P Welded steel 2,500-bbl water tank.
R VU Shaffer 113-in. double -cellar control gate:

blowout preventer. :

2 e Shaffer 18%-in. single type gate blowout pre-

’ venters.
International cementing unit.

Fuel, lubricant, and water consumption.—Diesel fuel ‘

and 80-octane gasoline consumption were 87,713 and

.5,768 - gallons, respectively. Lubricating compounds
used  totaled 1,295 gallons of No. 20 lubricating oil, .
413 gallons of No. 90 gear oil, and 419 pounds of No. 00

grease. Water was pumped from a nearby lake to the
righouse through a 2-inch pipe supported by halves of
steel oil drums. In November and December oil was
burned in the drum halves to prevent icing in the pipe.
The average water consumption was about 5,000
gallons per day.

DRILLING OPERATIONS

An area of tundra 200 feet long and 100 feet wide
was covered with a 3-foot layer of river gravel for a
campsite. .This made a satisfactory, although rather
small, surface for the camp which was connected with

‘the camp at the Umiat airfield by a gravel road. ‘
For the rig foundation, an area 60 by 120 feet was

cleared of a 3-foot layer of frozen tundra and soil to
the frozen gravel below, and a . 3-foot-thick concrete

foundatlon for the derrick corners was poured on the '

gravel The concrete under the rotary table and the
pipe rack was 2 feet thick. Gravel was then filled in
around the foundation, and under the derrick floor and

engine substructure was a 6-inch concrete apron.
Marston landing mat was used as reinforcing material. .

The derrick was covered with a single thickness of
canvas, on a wood frame constructed of 2 by 4’s.

The covering was made at the camp, and sections were -

numbered for reuse. The rest of the rig, except for

the cementing unit, welding machine, and Schlumberger .
truck, -was enclosed with plywood or canvas as shown

in plate 75. ‘
DRILLING NOTES.

The drilling' operations and other data included

below were reported by William C. Fackler, petroleum -

engineer for Arctic Contractors.
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Notes from drill records

Depth (feet) Remarks
1260 ... .. - Cemented 103 ft of 16-in. Western Pipe and
) Steel welded slip-joint casing, with a Baker

cement guide shoe at 103.25 ft, using 115
sacks of cement mixed with water at a tem-
perature of 150°F. Wooden plug pumped
to bottom, and pressure maintained 8 hr.
Top of cement found at 98 ft, cleaned out
to 126 ft.

217 _ .. Casing slipped 2 ft down hole; was pulled up
into place and recemented with 50-sacks of
Superior portland cement mixed with 100
b of calcium chloride in water heated to
150°F. Drill pipe lowered in hole; no
cement found in casing; plug placed below
shoe, and casing recemented, using 50 sacks
Superior portland cement mixed with water
at 150°F, which had 100 1b of calecium
chloride dissolved in it. Top of cement
found at 70 ft. Steam circulated to set
cement,

850 ___.___ Packer and 50 ft of 2%-in. anchor pipe were
knocked off tubing during bailing test; fish

, “recovered without difficulty.

1,045 ... Set 11%-in. casing at 1,005 ft and cemented it
with 250 sacks of Supenor portland cement.
Top plug pumped down and 300 lb pressure
maintained on it for 12 hr. Casing then
steamed through open-end drill pipe for
13 hr. The 16-in. blowout preventers
_replaced by 11%-in. preventers, and cement
placed between 16- and 11¥%-in. casings in
_cellar. Casing tested with 500 l1b pressure;
Top of plug at 996 ft; drilled out with fresh
. water.

Drill pipe washed out at tool joint; fish con-
sisted of 1,607 ft of drill pipe and collars,
with.top of fish, a tool joint box, at 1,184
ft. TFish recovered with Bowen 300 series
overshot.

Corrected depth 3,441 ft.

3,980.5_._.____ Changed from 4%-in. to 3%-in. Hydril drill
pipe, because of excessive wear on tool
joints; 4%-in. rams on blowout preventers
replaced by 3%-in. rams. Installed new

“ 14in. -drilling line, and replaced 3-sheave
traveling block with 4-sheave block.

4,220 __.____ Mud circulated, and drill pipe rotated to en-

. large tight spots in hole at 4,000-4,010 ft
and 4,419 ft. Trouble apparently caused
by mud pumps which were inadequate to
remove cuttings at rate of penetration
achieved.



Noies from drill records—Continued
Remarks
Replaced 7%-in. drill collars with 5%-in.
drill collars, to decrease weight on bit and

slow rotary table, so that pumps could:

remove cuttings at rate drilled. Ball-peen

hammer dropped in hole, and hole deepened :

to 4,235.5 ft, during two unsuccessful
attempts to recover hammer with Globe
junk basket. Hammer left in hole, and
caused no further difficulty.

About 300 cu ft of mud removed, and replaced
with Aquagel and water, to reduce mud
weight. Excessive weight caused by fine
gilt which would not settle out.

Tested blowout preventers with 500 1b of
pressure and found satisfactory.

Leveled -derrick by jacking up low corners of
both- derrick and rotary table support with
a hydraulic jack, and inserting steel plate
shims until all the corners were level with
the highest one. Drill pipe in hole was
supported by rotary table while derrick was
leveled; it was hung in elevators, and hence
supported by derrick when rotary table
support was leveled. Lowest corner of
derrick, which had settled 1% in., was that
nearest mud pits; ecirculation from pits
possibly thawed some of frozen gravel on
which concrete foundation was poured.

Crown block moved to compensate for leveling
of derrick,

Removed more drilling mud and replaced with
Aquagel and water, to reduce weight.

Schlumberger instrument run once, and long
normal curve recorded, but it was impossible
to get instrument past bridge at 1,936 ft to
record other curves; they were recorded
later on final run.

Operations discontinued for several hours
waiting for good weather for parts for a
washed-out swivel to be flown in from
Barrow.

Drill-pipe joints so worn that they measured
less than 4.4 in. in outer diameter were
discarded as unsafe. Total of 47 joints,
about 38 percent of those in use, were
replaced. Fine abrasive silt that would
not settle out of the drilling mud was judged
to be source of wear.

Rice put in drilling mud to determine rate of
circulation; noted in returning mud 10 hr
after added. Lubricating oil added for
same purpose took 5 hr and 20 min; third
check, using cellophane scraps, got same
result.
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Notes from drill records—Continued
Remarks

Mud pumps were inadequate to clean hule,
and it was necessary t0 ream from 6,035 to
6,200 ft; rotary swivel heated excessively,
and drill pipe could be rotated only in low-
low gear.. After rereaming from 6,080 to
6,205 ft, mud circulated in hole but took
10% hr of alternate reaming and circulating,
and 15 hr of continuous mud cireulation, to
get hole in satisfactory condition for running
logging equipment.  Schlumberger electric
log run to 6,203 ft and Schlumberger temper-
ature survey to 6,198 ft. Seismic velocity
survey also run. Geophone lowered in well
on Schlumberger cable, and shots set off in
shotholes 44, 47, and 41 ft deep, which were
820 ft southwest of test well and 100 ft
apart. Hole bailed to 950 ft; small flow of
gas noted, and its pressure and volume
measured for several days. (See section
Oiland gas.) Mud bailad to 996 ft, and cou-
pling put on 1134-in. casing. An 11%-in. to
4-in. swage nipple was put on coupling, and
capped by 4-in. Cameron FlexSeal valve.
Top of valve 36 inches above ground.

DRILL AND CORE BITS

Two types of core bits were used in Umiat test well
2. The first 89 cores were taken with an A—1 Universal

{ retractable wire line core barrel and a 7%-inch hard-

formation core head; below 3,890 feet, following the
change to 3%-inch drill pipe, a Hughes type ‘4"’ con-
ventional core barrel with a 6}%-inch hard-formation
core head was used. Of the 658 feet cored with the
A-1 Universal barrel, 77.5 percent was recovered;
156 feet of core was taken with the Hughes tools, and
74.5 percent was recovered.

Several types and sizes of drilling bits were used,
from the 20-inch Reed Pilot Reamer to the 9%-inch
Hughes 0SQ-3A rock bit. The Hughes W7 10%-inch
rock bit and the Reed T 9%-inch rock bit were the types
most often employed; a total of 50 bits were used.
"The graphic log (pl. 11) gives the footages drilled by
each bit. On the graphic log, some abrupt increases
in the rate of penetration below 2,500 feet are close to,
but not coincident with, the cored intervals. The
offset is the probable result of slight differences in the
depth measurements, and the slow drilling rate should
actually be associated with the coring. '
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DRUJ‘INGMUD . - Drilling-mud characteristics and  additives, Umiat test well 2—
e oo . v Continued
'The drilling mud waé a ‘mixture of Aquagel and
water, only minor amounts of other material bemg Depth | Weight | Viscosity [Water loss Additives
added: Lost éirculation in the surface gravels necessi- | ¢eet) |(beufy} (Mish) | (G0 bor
tated the addition of 17 sacks of Fibrotex and 14 sacks
of Gel-flake; Smentox was added after casing was 3318 0 85 | 9sacks Aquagel, 2 sacks Smentox.
cemented to remove the cement contamination. The 3529 | AR
mud tended to increase in viscosity a,n.d‘ weight with 3o 1 %9 | 5 sacks Aquagel
depth and was controlled by the addition of water 8737 ol %
and small amounts of Aquagel when necessary. The 3,820 ol &
vi.scosity was kept a8 low as possible, to facilitate' sef- 3 81 &5 | Esaeks dquasel
tling of fine abrasive particles. Mud characteristics s a8
and additives are shown in the table below. 4 ol
0
Drilling-mud characterisitics and additives, Umiat test well 2 2

%epé;)b (ivlg’eig%) V(isﬁofgilt)y W(ater Joss Additives
fee! - (Ib cu -1 (ee
; b o b
[ 110 SRR FSVPSRIPU N MU 25 sacks Aquagel, 13 sacks
QGelflake, 12 sacks Fibrotex.,
2 7% [ U SO, 21 sacks Aquagel, 1 sack
Gelflake, 3 sacks Fibrotex,
__________ 65 sacks Aquagel, 2 sacks Fibrotex.
23 sacks Aquagel.
5 sacks Aquagel.
7% 3 R SRS 7 siicks Aquagel, 3 sacks Smentox.
2476 3 sacks Aquagel, -
490 2 sacks Aguagel.
530 .
541
544
560
582
602 «

70.5 33.0
72.0 34.0
72.0 35.5
62.0 40.0
73.5 33.0
78:0 [+ -38:0
72.0 32.5
73.5 -34.0
75.0 40.0
75.5 878
72.7. | 36.0
75.2- 35.6
76.3 33.0
76.5 36.0
76.3 34.7
77.0 34.7
77.2 344
78.8 34.7 |.
77.8 34.0
79.0 36.0
775 3. ..88.56 |. 10'sacks Aquagel,
79.0 34.7
79.0 34.3
845 78.7 H.7 6 sacks Aquagel.
863 76:5 827 10 sacks Aquagel.
884 70 1 33.7 9 sacks Aquagel.
004 79.0 . 85.3 |-
034 78.0 35.5 7.0
971 7.5 35.0 7.5 | 14 sacks Aquagel
9081 76.Q 35.0 7.0 | bsacks Aquagel.
098 7.8 36.0 8.5 | 4sacks Aguagel, 2 sacks Micatex,
’ v 3 sacks Smentox.
1,015 -85 3.0 6.25 | 2 sacks Aquagel, 3 sacks Smentox.
1,045 78. g 38.5 6.5 '
41,045 77 37.0 7.0 o
1,066 so.g 38.0 $40.0 | 45 sacks Baroid, 8 sacks Smentox.
1,219 73. 38.0 16.0 | 1 sack Baroid, 2 sacks Smentox.
1, 429 73.0 38.0 13.0 | 3 sacks Smentox.
1, 547 76.0 37.0 9.5
1,662 7.0 36.0 9.0 .
1,796 . 720 380! 90
1,875 ;% 5 38.0 7.0
1,981 .0 38.0 7.0
2,180 77.0 35.0 7.0
2,273 77.0 35.0 7.0
2,418 77,0 1 35.0 60
2,611 | . 770 35.0 6.0
, 5968 77.0 35.0 65
2,791 78,0 35.0 89
2,880 71.5 35.0 8.0
2,982 75.0 34.0 4 sacks Aquagel.
&, 007 75.0° 34.0 8.0 | 6sacks Aquagel.
3,149 75,9 34.0 8.0
73.0 33.0 8.5

2 sacks Aquagel.

3 sacks Aquagel.
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0
5
gg. 0
39.0
37.8
37.5
37.5
‘88.1
37.3
31.37
380
37.6
37.9
37:8
5, 37:9 .
5, 38.4 R 3 sacks Aquagel.
5, 36
2 5.7
5, 5 389
5, 696 39:0
5,689 88.7
5,709 .38
5,753 304
5,785 . 38:8
5,795 38:8
5,841 385
5,883 38:9
5, 894 361
8, 905 39.0.
5, 947 38.8
5,972 38.8
6,017 38.8
6, 052 39.6
6,072 40.8
6,104 30.5
6, 153 39.9
6,185 30.8
6, 200 41.0
6,212 40.6
46,212 39.1

1 Marsh funnel seconds.

2 No data on mud characteristics were recorded above 440 feet.
3 Reaming, L

4 After rumming Schiumberger.

¢ Probably caused by cement contamination.
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HOLE-DEVIATION RECORD

Deviation measurements were taken with the Totco;
no directional surveys were made, _as the deviation of
the hole never exceeded 2°45'. Beﬁween 100 and 500
feet. the deviation was 1° or less; between 700 and 1,200
feet it averaged slightly more then 2°; below 1,200 feet
it was generally under 1° and never exceeded 1°15/

(pl. 11).
- RLECTRIC LOGGIN’G

Electric well logs were made with the Schlumberger
well-logging truck at the rig site. Seven runs were
made, with no difficulties except on the sixth, when only
one trip of the instrument was posmble because of a
bridge which blocked the hole after'the run was made.
The long normal curve, made on that run, showed no
indications of oil or gas; so the other curves were logged

on the seventh run. Runs 1-7 covered footages as fol-

Jows: Run 1, 103-751 feet; run 2, 751-1,006 feet; run 3,
1,005-1,700 feet; run 4, 1,700-2,999 feet; run 5, 2,999—
3,737 feet run 6 3, 737—4 684 feet TUND 7 4, 684-—6 203
feet

VELOCITY SURVEY

A velocity survey of Umiat test well 2 was made.using
three shot holes. They were 41, 44, and 47 feet deep
and penetrated 25, 28, and 31 feet of gravel, respec-
tively; the upper part of the gravel contains a few feet
of silty clay and is underlain by shale of Cretaceous age.
The holes were 820 feet-S. 59°16/ W‘, S. 66°16’ W., and
S. 73°16” W., respectively, from the test well &nd 100
feet apart. None were cased. The records obtained
were good and showed a slight decrease in velocity with
depth, which is unusual. The velocity decreased ra.pldly
from about 12,000 feet per second te a little more than
11,000 feet per second in the first thousand feet; below
that depth it fluctuated somewhat but averaged shghtly
less than 11,000 feet per second in the lower part of the
hole TEMPERATUKE SURVEY ,

A Schlumberger temperature survey was run when
the finial electric log was made. Thelowest temperature
recorded was 40.5°F at 260 feet. “Above that depth the
temperature was about 42°F; it fluctuated slightly
above and below 43°F between 310:and 525 feet; and
then, except for a regression of 1° at 850 feet, 1t rose
gradually to 104°F at 6,198 feet,: the lowest depth
reached by the instrument.

UMIAT TEST WELL 3

Location: Lat 69°23°16’' N., long 152°05%14" W. -~ ..

Elevation: Ground; 351 feet kelly buslnng 380!335;

Spudded: November 15, 19486.

Completed: December 26, 1946. Pumped 24 ba:uh@f aﬂ per
day; abandoned. -

Retested: October 1, 1947, to November 15, 1947,

Total depth: 572 feet.
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Umiat test well 3, originally described as Umiat core

‘test 1, was:drilled to determine the stratigraphic posi-

tion: of 'Y gentatlve location for Umiat test well 2 and to
test some of the oil-bearing zones penetrated in drilling
Unmiat test well 1, if possible. The well is located on the
Colville River flats at the northeast corner of Umiat

Juake and is about-one-fourth mile north toward the axis

of the anticline, from Umiat test well 2. When the total

depth of the well was reached, bailing tests produced oil

at a rate of 50 barrels per day, but 9 months later, after
being cleaned out and shot, only 24 barrels of oil per day
was recovered.

DESCRIPTION OF CORES AND CUTTINGS

. No samples were taken from the upper 60 feet of the
hole; between 60 and 225 feet the Killik tongue of the

‘Chandler formation is represented by alternating clay
shale and sandstone, with common clay ironstone in the

upper part. The electric log through this section sug-
gests that a larger proportion of clay shale is present
than the samples indicate. The log is probably more
reliable, as the ditch samples may be contaminated
with sand drilled higher in the hole. A small amount of
the oil produced came from this formation.

Below 225 feet the drill penetrated 150 feet of sand-
stone with thin beds of shale, underlain by about 170
feet of clay shale with thin sandstone and siltstone beds,
all in the Grandstand formation. The sandstone beds
are believed to be the primary source of the oil recov-
ered from the hole. '

Lithologic descripiion
{Where no cores are listed; description is based on cutting samples]

Depth (feet) Remarks

Kelly bushing to ground level.

No sample.

Clay shale medmm~da.rk—gray, very slightly
silty and micaceous, noncalcareous; yellow-
ish-gray -clay . n'onstone, slightly caleareous
in part, increases from rare at 60 ft to half
_of the rock at 100 ft,

Sa.ndstone, medium-light-gray, ﬁne—gra.med
silty, sericitic, noncalcareous; composed of
angular to subangular grains-of clear and
white quartz with dark rock fragments and
carbonaceous particles, becoming very fine
grained and sericitic in part at base. Clay
shale rare throughout.

Clay shale, medium-dark- to dark-gray, slightly
to very silty with some sandstone and
medium-gray argillaceous noncalcareous silt-

stone,.

Clay: shale and siltstone, with rare sandstone.

Clay shale, slightly to very silty, with rare
sandstone and siltstone.

Sandstone, medium-light-gray, very fine-
grained, silty, noncalcareous, with small
amount of siltstone in upper 10 ft; rare clay
shale throughout.

Sandstone, very ﬁne-gramed gericitic in part;
small amount clay shal

0-9
9-60
60-100

100-140

140-150

150160
160-180

180-210

210-225
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Lithologic deseription—Continued. Lithologic descriplion—Continued
Core | Depth (feet) Remarks Core |Depth (feet) Remarks
_____ 225-236 | Clay shale and some sandstone. Top of 1 ft 6 in., sandstone, medium-gray, fina-
: randstand formation at 225 ft. grained, very argillaceous, noncalcareous,
1| 236-245 | Recovered 1 ft 6 in.: Microfossils absent. massive; composed of subrounded grains

Clay - shale, medium-dark-gray, rarely of clear quartz, gray chert, and dark rock
slightly silty, noncalcareous; very slightly fragments. Small slickensided surfaces
micaceous in part. Beds approximately are horizontal.
flat lying. 2 ft, interbedded andinterlaminated medium-

2 | 245-249 | Recovered 4 ft: Microfossils rare. dark-gray slightly to very silty clay-
: 3 ft, clay shale, medium-dark-gray, partly stone and medium-gray slightly to very
silty, nonecalcareous, with abundant ir- argillaceous, rarely sandy siltstone, Car-
regular lamina¢ of siltstone and sand- bonaceous. plant fragments rare,
stone in upper foot. Beds lie approxi- 14 | 335-344 | Recovered 4 ft: Not sampled for microfossils.
mately flat. Drilling mud with fragments of medium-

2 in., coal, black, shiny to dull; blocky to dark-gray claystons and very small frag-
shaly fracture. ments of fine-grainz=d sandstone,

10 in., sandstone, light-brownish-gray, fine- 15 | 344-352 | Recovered 8 ft: Not sampled for microfossils.
grained, very slightly silty, noncalcareous, 2 ft 3 in., irregularly interbedded and inter-
moderately hard, massive; composed of laminated fine-grained light-gray sand-
subangular to.subround grains of clear stone and medium-gray siltstone with
"quartz with some white quartz, da k rock silty clay shale, showing “swirly”’ bed-
fragments, and abundant carbonaceous - ding, - Irregular carbonaceous and mi-
particles. . caceous partings common.

.3 | 239-257 | Recovered 4 ft: Not sampled for microfossils. 2 ft, claystone, with rare minute irregular

-‘Sandstone as above, friable. lenses of siltstone and sandstone dipping

4 | 257-262 | Recovered 4 f4: Not sampled for microfossils. about 5°. Grades to clay shale, with
: Sandstone, medium-light-gray, fine-grained, good shaly cleavage dipping 7°.

slightly silty, noncalcareous; composition 3 ft 9 in.,, sandstone, medium-light-gray,

as in core 2. medium-grained, very slightly silty, non-

5| 262272 | Recovered 1 ft: Not sampled for microfossils. calcareous, massive; composed of sub-

Sandstone as above, very fine- to fine- rounded grains of clear and white quartz,
grained; carbonaceous laminae in upper . some gray chert, and common carbona-
few inches dip 7°. . ceous particles.

6 | 272-281 ,Recofvercleg 7 ft 6 in.: Not sampled for micro- 16 | 352-359 Recofvered 6 ft 6 in: Not sampled for micro-
: osgils. ossils... )

Sandstone, medium-light-gray, fine-grained, Sandstone as at base of core 15, fine-grained;
slightly silty, micaceous, noncalcareous; rare laminae of carbonaceous material in
massive except for rare faint slightly car- upper part dip as much as 15°.
bonaceous laminae, dipping 7°, in upper 17 | 359-368 | Recovered 9 ft: Microfossils common.

- - 1.f6. . 8 ft, sandstone as in core 17. :
7 | 281-286 | Recovered b ft: Not sampled for microfossils. 1 £t 6 in., drilling mud with fragments dark-
Sandstone as above. - " gray clay shale, and a 1-in. nodule of
8 | 286-294 | Recovered 3 ft 6 in.: Not sampled for micro- olive-gray clay ironstone.
. . fossils. ’ 4 ft 6 in,, clay shale, medium-dark-gray,
Sandstone as above, . slightly micaceous, noncaleareous, with
9 | 294-303 Recofvergd 2°ft 6 in.: Not sampled for micro- . ‘B%re faint slightly silty laminae dipping

1 ft, drilling ‘mud, with fragments of clay 18 | 368-377 | Recovered 6 ft: Not sampled for microfossils.
shale, ;medium—dark—gray, slightly silty | Clay shale, medium-dark-gray, nonecalcare-
and micaceous, noncalcareous. ous; slightly to very silty in part;.small

1 ft, sandstone, mediumdight-gray, very irregular laminae and lenses of siltstone

. fine-grained, silty, argillaceous, noncal- and very fine-grained sandstone make up
' careous. . about half the rock in upper 2 ft, decreas-
6 in., drilling mud with fragments of clay ing to very rare with depth. Siltstone
shale and very fine-grained sandstone. and sandstone in lower part of core are
10 | 303-312 | Recovered 1.ft: Not sampled for microfossils. ) in laminae instead of irregular lenses;
; Sandstone, medium-light-gray, very fine- . laminae dip about 10°,
< .. grained, siity, argillaceous, massive. 19 | 377-385 | Recovered 3 ft: Not sampled for microfossils.
11 | 812-320 Recof\rereldA ft:6 in.: Not sampled for miero- 1 ft, sandstone, medium-light-gray, fine-
ossils, . . grained.

3 ft, drilling mud with fragments of medium- 2 ft, clay shale with common small irregular
dark-gray slightly silty clay shale and . lenses of siltstone and sandstone as in top
very ﬁntc_e-gra.ined sandgtone. A 1l-inch of core 18.
nodule of pyrite at top of core. 20 | 385-393 | Recovered 4 ft: Not sampled for microfossils.

1 ft. 6 in., sandstone, as in core 10 above. 1 ft, fragments of sandstone, medium-light~

12 | 320-328 | Recovered 2 ft: Microfossils common. gray, %ne—grained, gilty, argillaceous, non-

Interbedded siltstone, medium-gray, very caleareous.
argillaceous, noncalcareous, and medium- 1 ft, drilling mud with fragments of medium-
dark-gray clay shale, slightly to very silty. dark-gray clay shale,

13 | 328-335 | Recovered. § ft: Microfossils rare. 2 ft, interbedded clay shale, medium-dark-

1 ft 6 im., claystone, medium-dark-gray, gray, noncalcareous; slightly silty in part;

¥ silty, noncalcareous, with rare and medidum-light-gray very ﬁne-grainec{
nodul#e of brownish-gray clay ironstone. very silty and argillaceous, noncalcareous
A fow stxrealkes of light-gray sandstone at sandstone, with rare carbonaceous part-
base. ' ings, :
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Lithologic description—Continued

Lithologic description—Continued

Core | Depth (feet) Remarks Core |Depth (feet) Remarks
21 | 393402 | Recovered 1 ft 6 in.: :Not sampled for miero- 29 | 463-472 | Recovered 7 ft: Microfossils common.
: fossils. . 6 ft 4 in., clay shale, like claystone in core

Drilling mud with fragments of medium- 27 but with fair shaly cleavage dipping
dark-gray clay shale, less than 5°. A 5-in. bed of very argil-

22 | 402-411 | Recovéred 4 ft 6 in.: Mierofossils absent. laceous medium-gray siltstone at 466 ft.

2 ft 3 in., sandstone, -medium-light-gray, 8 in., siltstone, medium-gray, argillaceous,
fine-grained, grading to very fine with slightly sandy, moderately -calcareous,
depth, silty, sericitis, moderately calcar- massive. .

- eous; carbonaceous gnd argillaceous part- 30 | 472-478 | Recovered 4 ft 6 in.: Microfossils abundant.
ings rare at top, common at base, and dip Fragments of medium-dark-gray claystone,
5° to 10°. very sll_glgtly silty in part, noncalcareous, -

2 ft 3 in., siltstone, medium-gray, very ar- with drilling mud.
gillaceous, with abundant thin beds and | ----- 478-481 | No sample. e
Iaminae of medium-dark-gray clay shale; 31 | 481-490 | Recovered 8 ft: Microfossils very rare.
some sandstone laminae. Claystone, with intermingled streaks, beds,

23 | 411-419 | Recovered 6 ft: Not; sampled for microfossils. and very irregular lenses of siltstone and

4 in,, siltstone, medium-gray, very argil- very silty claystone. Minute fragments

- laceous, moderately calcareous, massive, of elay shale (less than Ye-in. thick and
grading to unit below. Y-in. long) with a coating of sand grains,

2 ft, claystone, medium-dark-gray, very and small nodules of brownish-gray clay
slightly calcareous, micaceous. irongtone rare. One nodule broken and

8 in., claystone as above and interbedded . ... crack filled with silt. .
very fine-grained medium-light-gray mod- 32 | 490-498 | Recovered 4 ft 6 in.: Microfossils common.
erately calcareous sandstone, with ‘‘swirly Claystone, medium-dark-gray; slightly silty
bedding.”’ in part; irregular laminae and small

3 ft, claystone, medium-dark-gray, partly lenses of siltstone as above. )
gilty, slightly caleareous, slightly mica- 33 | 498-507 | Recovered 6 in.: Not sampled for micro-

- ceous, with blocky fracture. fossils. ) ]
24 | 419-429 | Recovered 4 ft: Microfossils absent, Fragments of sandstone, medium-light-gray,
; -Drilling mud, with fragments of medium- | * very fine-grained, very silty and argil-
dark-gray claystone, micaceous, noncal- laceous, with carbonaceous particles.
. careous; slightly silty in part. 34 | 507-514 | Recovered 1 ft 6 in.: Not sampled for micro-
25 | 429-439 | Recovered 4 ft; Microfossils common, fosgils. . )

3 ft 6 in., drilling mud with claystoge as Siltstone, medium-gray, slightly sandy, very
above. argglaceous, nontqa{careous, with some

6 in., siltstone, medium-gray, argillaceous carbonaceous particles,
m(;derately ’calemousg,r zy’if,h irregulax,‘ 35 | 514-520 | Recovered 3 ft: Microfossils rare.
lenses of clay shale in upper 2 in. Claystone, medium-dark-gray, noncalcar-

26 | 439-445 Reéovered (li ft: Mécrofo?_‘:irls absent. - ) egugfss};ghtly silty in part. Ditrupa sp.
lay shale, medium: k- ; slightly to a .
ery si]tiy in part; hming?gﬂd tﬁm {)eds 36 | 520-529 | Recovered 9 ft: Microfossils abundant.
(less than 2 in.,) of medium-gray very Claystone as above. )
argillaceous slightly -calcareous siltstone, 37 | 529-538 | Recovered 9 ft: Microfossils abundant.
commonly slightly crossbedded; poor Claystone as above.
: . ghaly cleavage dips less than 7°, 38 | 6538-547 | Recovered 9 ft: Microfossils abundant.
27 | 445-454 | Recovered 9 ft: Microfossils common. Claystone, medium-dark-gray, slightly to
‘ Clay shale, medium-dark-gray, noncal- very silty, micaceous, noncalcareous, with
¢areous, slightly mieaceous; slightly silty rare small carbonaceous plant fragments.
in part; laminae of slightly caleareous 39 | 547-565 | No recovery. . .
medium-gray siltstone in upper half and | - 40 | 555-563 | Recovered 8 ft: Microfossils abundant.
common laminae and thin beds (as much Clay ehale, medium-dark-gray, noncalcar-
as 3 in.) of medium-gray slightly cal- eous, slightly to very silty; very poor
ca.reous,s sllightly sandy si}tstone ilt)x (li%wgr slgaly cleavage suggests a dip as much as
art. Siltstone commonly crossbedded. .
ls)haly cleavage dips less thin 7°. 41 | 563-572 | Recovered 8 ft: Microfossils abundant.
28 | 454463 | Recovered 6 in.: Microfossils absent. Clay shale, medium-dark-gray, poncalcar-
2 in., sandstone, medium-light-gray, very eous; slightly silty in part; sl_xgh.tly mi-
fine-grained, very argillaceous and silty. caceous; poor shaly cleavage dippingless

4 in., claystone, medium-dark-gray, non- than 5°.

calcareous, with mederately calcareous

slightly silty laminae.




'CORE ANALYSES

The date on porosity and permeability and on
gieve pnalyses were determined by the Fairbanks labo-
ratory of the U. S. Geological Survey.

Analyaés of core samples from Umiat test well 3 made by the
: Fairbanks laboratory

Effective poresity | Afr permeability | Content of car-
Depth (feet) (percent, Wash- (miﬁldarcys, bonate minerals
burn-Bunting po-| Hayward perme- (percent by
rosimeter) - ameter) weight) .
257 i 16.5 165. 0 0.4
259 ... 13.6 47.0 4.9
261 __ ... 12. 4 57.0 5.4
273 i 8.5 <10 5.9
276, e 9.5 <10 7.6
278 el 8.1 <10 9.6
280 oo 9.7 <10 7.1
282 .. ... 7.1 <10 5.1
284 el 8.8 <10 15.9
286 ... 8.8 <10 11.4
288 ..o -- aai 7.0 <10 13. 2
291 el 8.0 <10 14. 8
297 o _ 7.3 <10 13.9
299 _ .o ... 7.3 <10 14. 8
17.0 480.0 3.0
14.7 70.0 3.0
16. 6 188. 0 7.4
16.5 | 80.0 8.1
14.2 | 7.4 6.2
13. 2 11.0 11. 6
15. 4 420 3.3
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PETROGRAPHIC ANALYSES

A detailed petrographic study of thin sections from
three cores from Umiat test well 3 made by Paul D.
Krynine (in Payne and others, 1951) is summarized
below and in the following. table. :

The graywacke sandstone from 344 feet consists of
poorly oriented grains of several rocks and minerals,
with the matrix evenly distributed between them and
with scattered thin overgrowths of secondary quartz
coating and cementing some of the grains. Quartz,
the main constituent (see table below on petrographic
characteristics), is mostly of intrusive igneous' origin,
though much of it may have been through another
sedimentary cycle before deposition in its present posi-
tion. Between 10 and 20 percent of the quartz is
derived directly from the aureole of a batholith, coming
from pegmatites and veins, and from schists that were
permeated with - quartz-bearing magmatic liquids.
Both metamorphic quartz and volcanic quartz are very
rare, and very few quartz grains show strain shadows.
The grains are. generally subangular to angular and
subequant to subelongated.. They are 0.18-0.19 mil-
limeters in diameter.

Petrographic characteristics of sandstones from Umiat test well 8
[Detetmined by P. D. Krynine] '

-,-'-'n . . ; 5 g ) . . . Depth
Additional porosity and permeability information is Oharacteristics _
supplied by P. D. Krynine in the following table. Sedfeet | s2feet | 350 feet
. . Texture
Analyses of core samples from Umiat test well 8
Analysis by P. D. Krynine Average diameter range_________. mm.__ 0.50-0.30 0.08-0.25 {- 0.04-0.20
L vela by . 1 Principal mode_____..___________ mm.. 0.17 (.18 0.14
rains:matrix t_ratio in percent._ 97:2:1 95:3%4:11% 84:15:1
. . Permedbility (millidarcys)
Poroglt{ ;
Depth (feet) (peréon
Air Klinken- | Klinken-{ -‘Brine Fresh
berg 1 berg # water
42 40
35 | .20
1 4
1 2
s | &
1.8 " Trace
Present | _____________
Preseut Present
Present |._..._.______
Present | .. _.____ ..
.............. Present
1 Before Jiquid fiow.  * After Hquid flow.
. Intersatitial material in percent
8ieve analyses of sandstones from Umiat test well 3 Trace | . Trace
i . Trace Trace
Trace 243
Sand grain size, Wentworth scale (percent) TV Trac% ) é
Depth (fest) . 1.0 0.5 Trace
35mesh | 60mesh | 120 |280mesh| 325 | <3 Carbonates. . .oo—ooommoosommno e Trace I
(coarse) |(medtum)| mesh | (very | mesh | mesh | Total .
| @me) | fine) | GIY) | (clay) Pote space and characteristics
66.20 10.71 2.33 18.95 | 100.00 Pore size, principal mode 68 50 26
56.8 149 23.3 99. 95 Visible porosity- ..co---- 15 12 o
. 00 18.08 3.00 | 33.08 | 100.15 Residual porosity. ... Very good Good Poor
20.0 20.8 41.3 99.8 Bonding material..._ Si0z Mite Tllite Tllite
49.0 20.8 3.91 | 26.8 100. 51 Clay-coated wall are 10 20 60
322, 29.7 g 100.2 Waﬁ COMINE. oo oiioiecmmiannis Tlite Iiite | Ilite, kaoli-
38.60 24,00 7.30 | 29.94 99. 85 - nite
20.0; 35.3 3‘4. 5 100.8 Potential hydration. ... - .. ... Very low | Low ; High
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Several types of chert are present ranging from a
very fine cryptocrystalline variety with particles 1-2
microns across, through a coarser, commonly yellowish
type with gmins 2-3 microns in size, to chert with
particles 30 microns in diameter. The grains are equi-
dimensional, subangular to subround, and rarely con-~
tain abunda,nt dolomite-ankerite rhambs

Rock fragments are a minor constituent. The
‘metamorphic rocks include metameorphosed - siltstone,
light and dark slate and phyllite composed of sericite

and illite, and sericite schist with muscovite, quartz,.
All these rocks’
-The metamorphic-

or chlorite ‘as auxiliary minerals.:
contain 20-50 percent of quartz.
rock fragments are smaller than thé quartz and chert
grains, being 0.08-0.12 millimeters across; they are

elongated and commonly better founded ‘than the.

quartz. Feldspar, making up 2 percent of the rock,
is dominantly microcline, with some orthoclase and
plagioclase. Most feldspar fragments are fresh and
unaltered. Volcanic rock fragments, andesitic or
rhyolitic, are very rare. Garnet, ‘also very rare, is
colorless and in some cases abnormally anisotropic.

The matrix consists of small ‘“pests-and bunches” ot |

clay minerals, mostly kaolinite though a little authigenic

illite coats and partly replaces some quartz grains. An
X-ray diffraction pattern of fine-material (less than
0.044 millimeter diameter, which pagsed the. 325-mesh
sieve) shows it to be made of fine quartz particles (70
percent), with small amounts of kaohmte, illite, ‘albite,

and montmerillonite. :
Elongate pores 40-200 microns in dla.meter (visible
porosity), and flattish voids and planes of discontinuity
jetween grains (residual porosity),-combine with the

amall amount of clay-mineral wall coating to make:
_this a rock with very good reservoir characteristics.

Swelling from hydration should be neghglble, because

amontmorillonite is absent.

" The graywacke sandstone samplé from 352 feet is
finer grained and contains a slightly higher percentage
of matrix and cement than the one from 344 feet. It

contains considerably less quartz, but more chert and’

a slightly larger amount of rock fragments. The grain
area with illite coating ia twice as great as in the upper
sample. The cement includes ‘“nests” of siderite, as
well as secondary quartz. The mineral and rock grains
are similar in shape and composition to those from
344 feet. The matrix is composed of fine particles of
quartz and micas from metamorphic rocks, and rare
montmorillonite, as well as the kaolinite and illite
Clays and hydromicas make up
about 3.5 percent of the rock, while the quartz, chert,
and rock particles less than 50 microns in dismeter
total about. s,ﬁ ment An X—ray-dlﬁractlon pattern
of the ' ey 0,044 millimeter in size showed

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

it to have the same amount of quartz, but less kaolinite
and more illite than the matrix from 344 feet. The
pore spaces are smaller (3065 microns across) and the
total porosity is shghtly less than in the upper sand-
stone. The very minor amount of montmorillonite
present is in aggregates, which reduces its tendency to
fill all pore space by swelling from hydration; this, with
the comparatlvely high porosity, makes this a good
reservair rock.

The sample from 359 feet was not described in detail;
the available data is shown in the preceding table. It
is considered a poor reservoir rock.

HEAVY-MINERAL ANALYSIS

The analyst, Robert H. Morris, reported (written
communication) that “samples ranging from 250 to 370 -
feet are assigned to the hornblende zone. Glaucophane
is present in three of them.” The kinds and the .
abundance of heavy minerals are shown on plate 10.

OIL AND GAS
OIL SHOWS

Several good shows of oil were noted in the sand-
stones between 248 and 380 feet, and there were some
shows below that. The following shows were reported
by D. W. Jopling, Arctic Contractors well geologist.

Oil.shows, Umiat test well 8

Depth (feef) Remarks
238-245__ . _____. Strong odor of oil in the ditch.
248-320_ . ... ___ Sandstone well saturated with oil.
348-362_ ________ Sandstone saturated with oil.
362-370._______. Shale with spotty oil odor.
377-380_ . _______ Sandstone with some. oil saturation.
402405 . _______ Sandstone with oil odor but no visible satura-
tion.
507-5614. .. ___. Sandstone, well saturated.

FORMATION TESTS

Two bailing tests were made before the rig was re-
moved in December 1946. The first one, made when
-the hole was 286 feet deep, was to test an oil-bearing
sandstone between 248 and 286 feet. Oil was bailed
from the well at a rate of 7 gallons per hour, giving an
estimated rate of 5 barrels per day. The fluid rose to
232 feet in 24 hours, and after 40 hours it reached a
stationary level of 212 feet. After the total depth of
572 feet was reached, mud was bailed from the hole to
a depth of 400 feet, and the well then produced 17
barrels of oil in 7 hours, with an estimated capacity of
50 barrels per day. After standing for 17 hours the top
of the fluid was at 163 feet. A 24-hour bailing test pro-
duced 49 barrels of oil with a trace of drilling mud; the
well was bailed continuously from the bottom of the

0il-bearing ‘sandstone during the last 14 hours of the

e
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test, and 26 barrels of oil were produced, giving an
estimated rate of 44 barrels per day.
In September 1947 a Keystone spudder was installed
over the hole (see pl. 7C), and the fluid level was found
‘at 145 feet, and a bridge, possibly of ice, at 240 feet.
The well was cleaned out to a depth of 457 feet, using a
6-inch bit. Pumping began en October 6, 1947; 14
barrels of oil and 0.2 percent of basic sediment and
water were produced in the first 1% hours, at twenty-six
12-inch strokes per minute. Fourteen strokes per
minute for the next 4 hours, and 12 per minute for the
" 17 hours following, produced 14 more barrels of oil, with
a trace of basic sediment and water. Intermittent
pumping (1 hr at 12 strokes per min afd 1 hr off,
alternately) produced 17.2 barrels of oil and no water
on October 7. The well was-then pumped intermit-
tently, at 16 strokes per minute, for a total of 8 iours on
October 8 and 7 hours on October- 9, recovering 16.6
and 15 barrels of oil and no water, respectively. For
the next 5 days the well was pumped intermittently for
6 hours each day, and 14, 15, 14, 15, and 13 barrels of oil
and no water were recovered during that time. On
October 15 continuous pumping at 12 strokes per
minute was resumed, with 13.8 barrels of oil recovered
in the first 24 hours, and 13 barrels per da,y in the next
2 days. During the pumping tests the air temperature
ranged from 32° to 2°F, averaging about 20°-25° for the
first 4 days and 10°—15° for the last 8 days. The
temperature of the oil decreased slightly with the colder
 air, averaging about 25° on the first 4 days and 22°-24°
on the last 8 days, with & maximum of 26° and a
minimum of 20°. ,
After the pumping test, the hole was shot several
times with 60 percent seismograph dynamite, and the
hole loaded to the surface with oil before each shot.
Sixty pounds of dynamite was placed between 355 and
362 feet in four 15-pound charges. = After the shot, the
hole was bridged at 334 feet. A second shot of five
5-pound sticks was made at 315-324 feet, and the hole
was then found bridged at 314 feet. The third shot,
again with five 5-pound. sticks, was' between 305 feet
and 314 feet, and the hole was bridged at 304 feet.
Shot number four, with five 5-pound sticks of dynamite
placed between 294 and 304 feet did not bridge the hole.
Shots 5 and 6 each used ten 5-pound sticks placed at 274
to 294 feet and 254-274 feet; respectively. The hole
was then cleaned out to 457 feet with g 6-inch bit, and
another pumping test was made. -After recovering the
load oil, 15 barrels of oil with no- water was pumped in
12 hours of continuous pumping. Continuous pump-
ing for the next 2 days recovered 24 barrels of oil the

first day and 24.1 barrels the second. Pumping was
discontinued for 6 days because there was no storage
room in the tanks. After a bwrn pit was prepared,
about 400 feet from the well, testing was resumed at 14
strokes per minute, and 53 barrels of oil with no water
was pumped the first 23 hours after the test was started.
For the next 6 days, continuous pumping at 14 strokes
per minute produced 25.5, 24.1, 248, 24.1, 23, and 22.8
barrels of oil, and no water, in the 6 days. Engine
trouble caused by cold weather resulted in 22 hours of
pumping per day for the next 2 days, with a recovery of
23 and 22 barrels of oil, respectively. The test was
continued 4 days more, however with recoveries of 23.5
barrels in 24 hours, 21 barrels in 21 hours, 18 barrels in
19 hours, and 29 barrels in 24 hours. An estimated 5
barrels of the last 29 probably collected in the well
during the shutdown from engine trouble the day
before.” The indicated capa,mty of the: well is 24

Dbarrels per day. The air temperature ranged from

1°.to 17°F for the first part of the test and from —23°
to 4+ 14°F for the last part, The oil temperature dropped
gradually from 24°F to 18°F, during the test.

OIL ANALYSES

Two samples of crude oil from Umiat test well 3 were
anslyzed by the Petroleum Chemistry and: Refining
Section of the U. S. Bureau of Mines Petroleum Ex-
peritirent Station' at Bartlesville, Okla. A quart of oil
was submitted in 1946 (sample 46164), and a gallon in
March 1947 (sample 47017). Routine analyses ‘(see

p. 122) and sanalyses of the gasoline and diesel oil

fractions (see p. 123) were made for both samples
The second sample was large enough to permit addi-
tional studies of the gasoline and diesel fractions and the
residuum (see p. 123,124). Characteristics of products
for the two crude oﬂs are.compared in table on p. 124.

The oil is light colored and differs from most other
crude oils by having a very high naphthene and aro-
matic content. The naphthene content is approxi-
mately constant in the gasoline fractions, then in-
creases rapidly, maintaining a constant high value in
the higher part of the diesel fuel and in all the lubricat-
ing-oil. boiling range. . Paraffin content is very low.
Pour points of the 2 crude oil samples are —15°F and
—25°F; the pour point of the combined gasoline
fractions is less than —80°F, and that for the diesel fuel

cut is-about —10°F. The average API gravity of the

2 samples is 36.5°, the Saybolt Universal viscosity at
100°F is 36.5 seconds and sulfur content is less ﬁh&n
0.1 percent. :
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Hydrocarbon. analyses og gasaline and dnsel-ozl cuts from Umiat | Hydrecarbon analysie of gasohm fractum of sample 47017 distilled
test well 8 samples 46164 4nd 470;7 using Amencan Soctety at 160°-273°
Sor Testing Malerials method ES- . [Analysis by U. 8. Bur. Mlnes]
. JAnalysis by u. B Bur. Mines] ‘ Percent
Hydrocarbons of crude
% Diesel oil (Hempel oil
‘ : (Heirtpel fractions 1-7) fractions 812
Composition and charaeteristics _ ‘
ﬁ o w10t srorm N-hexane. .. oo 0.56
164 17 Methyleyclopentane_ - -t __._. .45
o 2,2- and 2 4-d1methy1pentane _________________________ .20
‘Blends Benzene .o e .26
: — CyeloheXane - i oo 1. 51
”: 4 B mona 2.9 1 1,1-dimethyleyclopentane. . oo voomemooeao i L .28
g3 a3 .0 .0 | 2,3-dimethylpentane and 2-methylhexane . .____________ . 55
S 100,0 | 100.0 | 100.0 100.0 | Trans-1,3-dimethyleyelopentane_ ... _______.___ .42
Blow -8 \Below 70| =5 —I8 | Tyang 9 dimethyloyclopentane ..o __._______. .27
wpmsrovsre (VX 7 TR 5.14 | 3-methylhexane. . oo eo. .34
— N-heptane. ..o -- .64
Data on rafiinate {paraflin plus naphthenes) Methyleyclohexane. - . it T 2.56
i I Ethyl cyeclopentane. - ..o oo ccccee e . 55
Density xt;t4 %0"0 compared with o780 o.7546 0 0.5268 2,2-dimethylhexane. __. R e b L bRt .24
Inaey olreﬁacfﬁﬁ-ﬁﬁﬁ-ﬁéaiﬁﬁ_ﬁ- -7 W - 2,5- and 2,4-dimethylhexane ... ... ____. .19
at 20°C..... R 1. 4{7& 1. 41919 1. 4&% 1, %g T OlUeNe _ _ o e e m e i 1. 67
ﬁ‘z)lecuhrmgg ‘Zf’ i 1323 }2‘1‘ 37 27 | Trimethyleyelopentanes (7) 222°-235°F___ . ... .. _____ . 51
Niotecular voldme, = 160 160 BO1 . 201 93 dimethylheXane . ou oo oo il o ommiiieo L. .15
P and percent bx Weight-- 345 36.9| 1481 14.2 | A trimethyleyclopentane (1) 234°-243°F._____. . _.__ - .14
sraffin P pe,' cent by w;, 5.5 6.1 56.9 55.8 | Trans 1,3- and trans 1 bdimethylcyclohexanel and other
naphthenes (248%-251°F) .. .. _ .. . .a._. rimmnimaio 130
1 & naphthento compovind gach s gotyloyslohexane {OuH) would wontaln 87 per. | 2-,3-, and 4-methylheptanes..______________l_.______ . 56
ft .
mﬁc mﬁﬁ{ﬁbgﬁu mdg’m‘wmm B Sont with The ting.ahan Ethylbenzene--_-___---,__-----__-____-,--_._ ------- - 26
Trans 1 2—d1methylcyclohexane_ PO IR 4’
£ N-octane. ... e i awwe imem 1,04
. N-Propyleyclopentane, isopwpylcyelopentane ana #thyl-
s y.
oyclohexane. . ___.___._ .. b m e amm s wenen .99
g T meea 16,84
" Charadleristics of diesel-oil fraction of sample 47017 from Umiat test well 8
o [Analysis by U. 8. Bur, Mines]
e Index of refraction at $6°C.
Temper- Peroent by votume %overage Densit; (eenthtozs) Lot .4 Oetane Aro-
Fraction ature point | at 20° Métciiry gbdttide | po. matics
0°1‘_' ) _ °F) B  (percent)
Fraction | Sum 68°F 100°F D line e line g line.,
11 d 3‘n.g 30.8 |oeomeee... PPV DO N,
2 204 . 88 431 410 | 0.8164 2.128 1.681 i gm L 1. 343 19
3 31 46.2 wo |l -0 270] 1o 1 1 o et
4 3.2 49.4 8470 | 2957 | 308 1. z 1 1. ,
5 gg 82 52.6 sos |[ 8526 | 3.0 i;oa L 47614 1.4mM84 | 1. ® 2
6. 3.3 58.9 .85¢8 4158 451 ,}, ﬂzg 1 1. 48y’ .
7 580 3.3 50.1 pas || -804 | 4om8] 3o06| 147 1. 1. 40877 " 2
8 580 3.2 g%& .8685 | 6100/ 3808| - 1- 8 1. 43§74 1. :
9 a g,z 88,8 s |[ -semd| 77| 4dess| I 148118 | 1. 5 2%
10 /2 88.7 . sgg ot | se| I { 1.48313 | 1 4080 :
1 625 3.3 72.9 615 .8 13.324 7.201 L . 1.48878 1.49729 254 24
Mdﬂp‘ i 21.9 99.9 O SRR :
1 fige tablu p. 18 tmd above. 3 Not as accurate ag other data.  ? See table below for data.
Composition and characteristics of residuum for sample 47017 from Umiat test well 3
[Analysis by U. 8. Bur. Mines}
Percent Specific Viscosity at— : Pour | Meltirig | Index
byel o | e, | g ———Vicouty | poll | pol® rien
100°F . [ 180°F . 1 Vil D line)
Regiduum._. .. : 7.9 b o| 09| f0| se 85 [ ) R 1.4887
Dewnxed oil_ 19.9 100 0 .916 205 18 80.1 8l —-10 |20 1.0
Wax 80 0 100 . 885 CYERTY 46%

1 Caleulated from index measured at{i00°F.
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Test data for moter-gasoline and diesel-fuel

ctions of sample
47017 from Umiat test wagm o P
[Analysls by U. 8. Bureau ot _Mtlmo]

Characteristics QGasoline

volume percent of crude uﬂ-.
D&tﬂlation bﬁ ASTM method D-86:

5 pement evapornfnd
‘158 percent evaporated

percent evn.mmfar
End int
Residue.

Loss

8 ¢ gravity at 60° F compared with Water at 60°F
ravity. °APIL

Reid vapor pressure

Aromatic content.. el
" Oetane number. -
Characteristics of products from Umiat test well 3
[Analysis by U 8. Bureau of Mlnea]
Routine analyses
. : Bample S s
Product ‘47017
) o (1galdis-| Sample | Sample
n) 47011 1 46164
Aviation gasounebaaestock pemen‘ by volume. o 16 2. . 22
'F-3 octane number with ioml tetmgthyl lead :
M earp;ra.sollm ¢ wed)-- percent by )t % 34 E2
OtOr EaS0olNe. oo e e volume..
-F-2 octane number, cl 57.2 80
F-2 octane number, with 3ml tetrethyl Tead
Jet nlﬁntual .2
prop eent by volume at 100°-600°F__| '~ "65 67 60.8
- —--wn-<--percent by volume. 3.2 27.8
Sulfur. percent by wedigy . 0.03 0.03 |
vlseostg ---------- o lgs, 100°F.. i %g 7 g.g .
........ 3o es, : .3: .
Diesel fuel («n°-eoo°F bolfing range) : - )
percent by volume..| . 82 . I SOE BSOS 4
Ootane nnmber determined___._____ .. ... [, T PO, 50
Lu w—zoo gaybolt Universal viseusity at 100°F
reent by volume._. 1.7 18.1
50-2004 Saybolt Universal vtseoslty at 100°F e )
peroent by volume.. 204 |- 418G -

LOGISTICS -

 Personnel—Men employed at the well site ‘were the |
drilling foreman, 3 drillers, 6 semiskilled -laborers

(roughnecks), and 1 tractor driver. Additional em-
ployees, including carpenters, eléctricians, and me-

chanics, were sent to the rig site from Ummt ca.mp as -

they were needed. .

. Drilling equipment.—A Star we}l-dnl!mg nnrac]m;ga;t
‘(spudder), model 71-SK, powered by a Continental -
gasoline engine (model PF-162) was used by Arct,;,c} -
‘Contractors for spudding, instead ef the Failing rig |-

employed later, because there wereé no bits available
for the latter capable of making the desired 9-inch hole.
Below a depth of 72 feet the Failing model 1500 (314~C)
core rig was used. It was mounted on skids and
enclosed by a wanigan constructed on a sled with pipes

for runners. Power was furnished by a Chrysler |

gasoline engine (model 108-506), and the rig was
equipped with & Gardner-Denver 4- by 5-inch mud

T B

|"when they were not in use.

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

pump, model FF¥F2FfF.‘ The contractors. also used
the equipment given below: _
O’Keefe-Merritt 15-kw a-c engine generator

o unit, model N-15.
) S Kobler 1.5 kw a-¢ generator unit.

) Bettis 40 hp steamer, type 4992.

) RO shop-made Prospect-type boiler.

) R, Hughes 7-in. master gate.

. mud pits, 5 by 7 by 2% ft, made of pontoon

sections cut in half.

D S, water tank, 25 bbl, made of 5- by 5- by 7-ft
: # pontoon section.

) steel water tank, 300 gal.

.| . From September through November 1947, one each
-] of the following items of equipment was used in shooting
and testing the wells:

Keystone spudder, model 53, with tools and auxiliary
equipment.
* Lufkin T7-3A pumpmg unit.
Le Roi 4- by 4-in. 4-cylinder engine.
Simplex stuffing box. No. A2192.
Oilmaster 2%-in. by 2-in. by 8-ft, stationary barrel, top-
anchor oil pump, No. A-528-8.

Fuel consumptwn —The pump, drilling, and light-

| plant engines used 2 drums of gasoline (106 gal) daily.

The shop-made Prospect-type boiler and 3 heating
stoves used 1} drums of diesel oil per day.
Walter storage and use.—Water was stored in a 300-

| gallon tank mounted inside the Failing rig wanigan

and in a 25-barrel tank. Both tanks could be heated,

| and it was possible to pump water from Umiat Lake,

adjacent to the well, even at —52°F, if great care was
“taken to keep the hoses empty and in & warm place
Water consumption was
kept as low as possible and averaged less than 300
gallons per day.

DRILLING OPERATIONS

The following drilling operations were recorded by
J. R. Coleman, Arctic Contractors’ petroleum engineer.

Notes from drill records )

" ADepﬂM‘ Romarks

. vi. After.a 6. by 6- by 3-ft cellar was dug, hole was
spudded’ with a Star spudder, using a 9-in
bit.! (All depths are corrected to read from
the top of the Failing rig kelly bushing,
which was 9 ft above the ground, and 12 ft
above the eellar floor).

Sixty-two ft-of 23-Ib 7-in. casing was set with
top 1 ft below ground level and base 72 ft
below kelly bushing. Casing cemented
with 25 sacks of portland cement mixed
with 100°F water. After settling, top of

"1 The avaflable Information on bits Is included tn this seotion on drilling operations.
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Notes from drill ree'ords——Continued
Remarlu

--cement - was-found -7 -ft below- eellar floor,
and 5 sacks of portland cement were added
by hand to cement pipe. After setting 7
hr, cement was warmed with steam to about

-150°F for 4 days. Failing rig' was moved
over hole during this time. Top of cement
-found.-at367.5:ft and drilled out with Failing
equipment, '

“Deviation §°45’,

Depth ( )‘eet)

236._____ .. Drilled 5%in.- bole from 72 to 236 ft with a

: ’ 5%-in. Hughes roller bit. Mud used was
- natural, swith the addition of Aquagel and

: water: 7

280. oo Deviation 15’ ;

390 ... Deviation %°15’

525 el Deviation 2°30/ -

572 ., . Cored 236-572 ft with a 3-in. by 10-ft Okla-

- homa-type “N* - doublé-tube ocore barrel
with drag-type cutter heads,
< 575 percent of rock cored. Hole reamed to
© -7 538 Tt with 5%-in. Hughes roller bit, and
" Schlumberger electric log run from bottom
of casing at 72 ft to 525 ft. Mud weight at
~time log' was run:was 74 1b per cu ft, and
T " viscosity, was 87 sec APL.
R _At end of . balhng ‘tests hole was frozen below
460 ft, and fluid level was at 147 ft. Just
: before pamping tests began, hole: was found
- to be bridged or frozen at 240 ft, and fluid
- Ievel was 145 Tt below top of casing.
i...Hole abandoned with 7-in. casing capped by
" flanged Head having two 2-in. plugged ports.
¢ - 'On:top df easing head was a flanged tubing
<" head. capped by swages with plugged nipples
"ol the side and-2- by 4-in. nipple with 2-in.
. - gate valve ontop. Top of installation is 5
PR 1 aboVe ground

UMIAT TEST WELL 4

"Location: Lat 69°23720" N, long 152°04’53"" W

“Elevation:  Ground, 482 feet; top of surface pipe, 483 feet-
Spudded: May 26,1950,

-Completed: July 29, 1950; pumped 100 barrels of oil per day;

shut in. .

‘Total depth:- 840 feet.

" ‘Becasuse the first 3- holes on the Umiat anticline
produced ‘only s small ‘quantity of oil, drilling ceased
-for more than 2 years. In’ 1950, however it was
decided ‘to drill ‘a cable-tool. hole to see if the low
‘production of- thé earlier wells was caused by the
fresh water from the drilling fluid; If the fresh water
‘had lowered permieability of the sandstone by reacting
with the matrix or freezing in the pore spaces, then a
‘cable-tool hole, using just enough brine to lubricate
‘the tools, might be a miuch better test of the possible
-yield of the anticline. The experiment was successful,
.88 & pumping test produced oil at a rate of 100 ba.rrels
per day from Umist test well 4. The hole (see pl. 84 )
is about 1,000 feet northeast of Umiat test well 3;

recovering
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and although it is higher structura,lly than the older
well, it started in younger beds, probably of the Ninuluk
formamon. because of its-greater elevation. - Neo sam-
ples from the Ninuluk formation were saved, but corre-
lation with other we]ls would place its base at about 40
feet.

DESCRIPTION OF CORES AND CUTTINGS

The first sample, at 90 feet, is in the Killik tongue of
the Chandler formation, which is present as alternating
clay shale and sandstone to the base of a thin persistent
sandstone at 320 feet. Clay iropstone and coal are
both present between 180 and 260 feet; the clay iron-
stone is more common. At a total depth of 840 feet,
the drilling had penetrated only. about 80 feet of the
lower sandstone‘ bed of the Grandstand formation;
a broken drilling line which left tools stuck in the hole
prevented deepening ‘the well.  Oil was found in both
the upper and the lower sandstone units of the Grand-
stand ; the proportion produced from each is uncertain.
The hole was shut in for over a year and a half and then
pumped to obtain-oil for oil-base mud.

Lithologic deecriptz‘on

[Where no cores are Iisted, descript_ien is based on ‘cutting samples].

Depth (feet) Remark;

0-1 .
1-90

Top of surface pi é)e to ground i

No.._sample. d sand” reported by
driller from 2 to 75 ft, and ‘“hard sandy
“shale” from 75 to 90 ft.

Clay shale, medium- to medium-dark-gray,
slightly silty, micaceous, slightly calcar-
eous, with'a very small amount of medium-
light-gray very argillaceous siltstone and
moderate-yellow-brown slightly calcare-
ous clay ironstone with conchoidal frac-
ture. -Small amount of medium-light-
gray. very fine-grained silty argillaceous
slightly calcareous sandstone, composed
of subangular clear and white quartz
with some dark rock fragments, yellow
grains and coaly af)artu:lets, and rare mica.

Sandstone and sh with rare-clay iron-

" stone. Ice reported by driller 100-108 ft.

Clay shale, dark-gray, slightly carbonaceous,
silty, noncalcareous, with some mediuii-
to medmm-dark—gra.y clay shale, and clay
ironstone.

Clay shale, . medlum-dark-gmy, very “§ilty,
. micaceous, noncalcareous, with very small
“amount of giltstone.

. Sandstone, very light-brown, fine-grained,
noncaleareous, friable; composed of sub-
angular clear and white quartz with some
light-brown grains and dark rock frag-

- ments; small amount - of elay shale is
medium dark gray, very silty, micaceous,

" noncalcareous.

Siltstone and clay shale with small amount
of sandstone.

Cla,
sﬂt

90-100

100-110
110-120

120-130

130-140

140-150
150-160

shale, medium-gray, very slightly
noncalcareous, with rare siltstone
clay ironstone,
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Lithologic: description—Continued . Lithologic description—Continued
Core | Depth (feet) Remarks Core | Depth (feet) Remarks
-=---] 160-170 | Sandstone, light-elive-gray, . very - fine- 3 343-345 | Recovered 2 ft:2 Not sampled for micro-
: : grained, very argillaceous -and . silty; . : fossils.
slightly micaceous, noncalcareous, with ) Shale.
 secattered carbonized: plant flakes. Some - 4 345-350. | Recovered 5 ft:2 Not sampled for micro-
clay shale and siltstone present. .- fossils

_____ 170-195 | Clay shale, medium- to medium-dark- i Shale. '

: gray, very slightly silty and mieaceous, 5 350-353 | Recovered 3 ft:2? Not sampled for micro-
noncalcareous, with small amount . of fossils.
black dull to shiny coal with irregular to Shale and coal, with 2 in. of sandstone.
poor shaly fracture at 180-190 ft. --w--| 3583-355 | Sandstone, medium-light-gray, fine-grained,

..... 195-235 | Sandstone, very ligh{-brown, fine-grained, very slightly silty, friable, noncalcareous;
slightly argillaceous, noncaleareous, fri- eomposed of subangular clear and white
able; eomposed of subangular: clear and quartz, gray chert, and dark rock frag-

. white quartz with: some light-brown ments. Dark-gray slightly carbonaceous
| graina. and dark:rock fragments. Silt- clay shale rare.
- gtone, shale, and ¢lay ironstone rare at | _____ 356~357 | No sample. ™
" base. . . 6 357-360 | Recovered 3 ft:? Not sampled for micro-
cee=e]  235-240 | Sandstone, medium-gray, very fine-grained, fossils.

silty, - argillaceous, slightly to -very cal- - -} . Sandstene. :
careous, with some: medium-gray sandy | .. 360-375 | Sandstone as above, with rare medium-
argillaceous slightly: to very calcareous dark-gray clay shale, and rare black dull
‘ " giltstone. n . L7 i coal with shaly fracture. Dark-gray

..... 240-245 | Clay shale, medium-gray, slightly silty, | 4 .- earbopaeeous clay shale in lower part.
slightly calcareous, with very small { ____. 375-385 | Clay shale,- medium-dark- to dark-gray,
amount of yellowisM:brown -slightiy eal- noncaloareous; rarely very slightly silty.
careous clay irongtone with gonchaidal 1 _____ 385-395 | No sample.
fracture. T Y 395-427 | Sandstohe, medium-light-gray, very fine-

_____ 245-255 | Siltstone, with very emall amount of .elay and. finesgrained, silty, argillaceous, with
shale and sandstone. - i small- amount of medium-gray silty non-

_____ 255-260 | Clay shale, medium-dark-gray, very silty, calcareous clay shale in upger part and
noncaleareous, with rare bluish-white rare black carbonaceous shale at 410~
bentonite. : 420 ft. ’ ,

..... 260-265 | Sandstone, light-olive-gray, fine-grained, | _._..| 427-445 | Clsy shale, medium- to medium-dark-gray,

, silty, argillaceous, noncalcareous. . ‘ slightly to. very silty, nonecalcareous, with

_____ 265-280 | Clay shale, medium- to medium-dark-gray, some medium-gray very argillaceous silt-
slightly to very sflty; slightlg sireous stone in upper part,
in part; some siltgtone and dark-gray | [..___ 446-450 | Clay shale, with medium-light-gray fine-

. ﬁssi{’e clay shale at.820-275ft. .. ... grained sandstone and siltstone.

..... 280-298 | Sandstone, medium-lighf-gray, fine-grained, ¥ ..._..| 450-476 | Bandstone, medium-light-gray, fine-grained,
very slightly silty, noncalcareous, friable; . . noncalcareous, friable; composed of sub-
composed of subsngular clear and white ° angular clear and white quartz with some
quartz, gray chert, and dark rock frag- dark rock fragments,
ments. I PR S 475-485 | Clay shale,medium-dark-gray, noncaleareous,

1 298-299 | Recovered 1 ft:! Not sampled for miero- very silty in upper part; small amount of
fossils. grayish- to greenish-white bentonite with
Siltstone and very fine-grained sandstone, -conchoidal fracture, some of which contains
. indurated, nonealcareous. ) yellow grains,

2| 299-300 | Recovered 1 ft: Not ‘sampled for micro- | _____ 485-490 | Sandstone, medium-light-gray, fine- and
fosails. very fine-grained, silty, argillaceous, non-
Sandstone, medium-light-gray, very fine- calcareous, and medium-dark-gray very
grained, silty, argillaceous, alightly silty . clay shale, with rare dark-gray
micaceous,  noncalcareous, - massive; carbenaceous - shale and medium-gray

cottipoged of subangular clear and white - very fine-grained sandstone.
quartz with some gray, yellow, and | __.__ 490-495 | Sandstone and siltstope with small amouat

ark grains, . ) of clay shale. »

_____ ‘300305 | Siltstone, 'mediutnﬁ%fb,—gray, slightly argil- | .....| ~498-600 | Bentonite; pale-yellovwish-brown, conchoidal
laceous, noncalcareous. : . - fracture, with medium-gray silty clay

cwmewl  805-310 | Clay shafe, medium-dark-gray, very silty, | shale and rare black ehale.
noncaleareous, with medium-gray very |.....| 8500-505 | Bentonite, white, . argillaceous, shaly frae-
argillaceous noncalcareous siltstone. s ture, with medium- to medium-dark-gray

..... 310-315 | Sandstone, light-gray, fine-grained, silty, silty shale. i . "
argillaceous, nonca.fcareous, with!-small | ..... 505510 | Clay shale, medium-dark-gray; slightly silty
amount of medium-dark-gray very silty and slightly calcareous in part; very rare
clay shale. . : black shale. .

..... 315-320 | Sandstone and clay shale. ! : e 510-515 | Bentonite, grayish-white, and medjum-gray

——--.| 320-325 | Siltstone, with very small amount of clay calcareous siltstone, -
shale. Top of Grandstand formation at | _..__ " 515-820 | Sandstone, siltstone, and clay shale,
320 ft. ' weo--| ~ -520-545 | Clay shale, medium-dark-gray, slightly silty,

..... 325-335 | Clay shale, medium-dark-gray, noncalcare- noncaleareous, with rare medium-gray

: ous; slightly silty in part; rarely very i X very atgillaceous siltstone in upper paitt.
silty.  —ii-s} o 548580 | Clay shale, medium-dark-gray, very silty,

..... 335-343 | Siltstone, medium-gray, slightly to very - noncgleareous, with medium-gray very
argillaceous, noncalcareous, with small * ‘argiltdceous very slightly caleareous silt-

: amount of clay shale. : B : stone. .
See footnotes at end of table, - - See footnotes at end of table..
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Lithologic description—Continued

Depth (feet) Remarks

550-560
560-565
565—-570
570-590

Clay shale with small amount of siltstone.
Siltstone with small amount of clay shale.
Clay shale with some siltstone.

Clay shale, medium-dark-gray, nonecsleare-
ous; very slightly silty in part; rare silt-
stone and medium-gray very fine-grained
slightly calcareous very argiilaceous sand-
stone.

Clay shale with small amount of sandstone.

Siltstone, - medium-gray, very argillaceous,
noncaleareous, with some slightly to very
silty clay shale,

Siltstone and clay shale with very small
amount of sandstone in lower part.

Clay shale, slightly to very silty, with small
amount of siltstone at 620630 ft.

Siltstone, - medium-light-gray, slightly to
very sandy, argillaceous; noncalcareous,
with very small amount of sandstone.

Clay shale, medium-dark-gray, slightly to
very sflty, micaceous, nonealcareous, with
rare siltstone in upper 10 feet.

Sandstone, medium-light-gray, fine-grained,
slightly silty, calcareous, pyritic, friable,
with clay shale.

Sandstone, with - rare medium-dark-gray
clay shale and -dark-gray slightly car-
bonaceous clay shale,

Siltstone, medium-gray, argillaceous, non-
calcareous; slightly sandy in part; very
small amount sandstone, and rare clay
shale in lower part.

Clay shale, with some sandstone.

Sandstone, medium-light-gray, fine-grained,

L _noncalcareous, friable.

No sample. ;

. Norecovery.

Recovered 1 ft: Not sampled for microfossils.
Bandstone, medium-light-gray, very fine-

grained, very silty and argillaceous
slightly micaceous, nonecalcareous, mas-
sive. Lower part medium gray, cal-
careous; composed of clear quartz with
some whife quartz and unidentified
;gellow, gray, and dark grains.

Sandstone as above. '

Sandstone, with very small amount of medi-
génzgark-gray very silty shale in upper

_____ 590595
cemwn} - 595-600

600-610
610-630
630-640

640-715

715720

720-725

725-735

735-745
745-760

_____ 760-764
7| 764-767
8| 767-768

768-775
775-820

§20~821

No sample.
9| 8§21-826

Recovered i} ft 6 in.: Not sampled for
microfossils.

Sandstone, medium-light-gray, very fine-
to fine-grained, silty, argillaceous, non-
calcareous, with rare small carbonized
plant fraginents. Sand composed of
subangular clesr and white quartz with
some unjdentified gray, yellow, and
dark grains.

Recovered 6 in.: Not sampled for micro-
foassils.

Sandstone as above.

Sandstone as above.
No sample.

10 | - 826-826. b

~---|826. 5-831
831-840

1 Core not received in Fairbanks; deseription made by well geologists.
% Core not received by Fairbanks laboratory; description made by driller.

CORE ANALYRES

The table below shows the porosity and permeability
of four core samples from Umiat test well 4. Effective
porosity was determined by the Barnes method; air
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permeability was determined on a permeameter, the
general requirements for which are detailed in American
Petroleum Institute Code No. 27, second edition,
April 1942,

Analyses of core samples from Umiat test well 4

Depth (feet) ' Eﬂetzt;ve por)osity Alfr permeablility

ereent; (millidareys)
299 o iemeae 10. 3 0
P .8 0
821 o e 10. 3 0
826 e metcc——————e 5. 49 0

OIL AND GAS
OIL AND GAS SHOWS

Shows of oil noted during the drilling of Umiat test
well 4 are given below.

Depth (feet)

283-298 _ . _ .. Strong odor of oil.

298-300__ . ________. Good show of light-green oil.
353-360_ . __._______.. Oil sand. ~
395430 . .______. Thin beds of oily sand.
748-826_ . ... Slight odor of oil and gas.

" FORMATION TESTS

Two bailing tests and four pumping tests, the latter
ranging from several hours’ to 18 days’ duration, were
made before the well was shut in. The following
discussion of the tests is based primarily on observations
by Gordon Oosting, petroleum engineer.

Test 1, 33-353.5 feet.—After drilling 6 inches into an
oil-bearing sandstone at 353 feet, a 15-minute bailing
test was made. Slightly gas-cut oil was produced at a
rate of at least 200 barrels per day, taking into con-
sideration the drop of fluid level during the test.

Test 2, 33-427 feet.—A 5-hour bailing test produced
6.75 barrels of oil. During the test, ice was noted on
the bottom of the bailer and in the oil, suggesting that
water from the formation was freezing in the sandstone
and limiting production. The temperature of the oil
bailed from the hole was 27.5°F.

Test 3, 33-427 feet.—Brine made with 610 pounds of
salt in 8 barrels of water was used to fill the hole to
350 feet (just above the oil bearing sandstone) in order
to thaw any ice in the sandstone. Fluid levels checked
after 12 hours showed top of fluid at 315 feet, top of
salt water at 360 feet. A barrel of brine (made with
80 pounds of salt) was added to bring the salt water
to 350 feet. In order not to remove the brine during
the test, the pumping equipment was placed at 348
feet, just above the top of the brine; the oil, being
lighter than the brine, would presumably flow from the
sandstone through the brine and be picked up by the
pump. Eleven joints of 2%-inch inner-diameter ex-
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ternal-upset tubing were run with the shoe at 348 feet
and two 20-pound sacks of salt suspended by rope from
it at' 351 feet. and 355 feet. Using & 12-inch stroke at
24 strokes per minute, the fluid rose to the surface in
31 minutes. After pumping one-fourth of a barrel of
brine, 5 barrels of water-free oll was pumped in 1 hour
and 24 minutes. In the next 10 hours and 10 minutes,
6 barrels of oil was pumped, indicating a rate of 14.4
barrels per day. During the pumping for oil, salt
water was pumped up with the oil only during 2 hours
in the middle of the test.

Test 4, 33-8}0 feet.—After drlllmg to 840 feet the
drilling line broke, and this and subsequent tests were
made with the cable—tool fish between 802 and 840 feet.
Tubing, sucker rods, and pump were installed with
the bottom of the mud anchor at 800 feet and the
bottom of the pump at 791 feet. There were thirteen
%- by 1-inch slots spirally placed from 783 to 787 feet.
Oil reached the surface after 10 minutes of pumping
with 24-inch strokes. After being shut down 25
minutes, the well pumped 4-5 barrels of oil; brine
reached the surface in 35 minutes. Eleven barrels of
brine was pumped in the next hour and 10 minutes,
when oil again was produced and was pumped: at 12
strokes per minute for 5 hours and 25 minutes. The
rate was then increased to 22 strokes, which -was con-
tinued for 24 hours. The well averaged 3.6 barrels
per hour during this time. In one 24-hour period 88.5
barrels of water-free oil was pumped. Only a trace of
gas was noted.

Test &, 33-840 feet.—With the bot.tom of the. pump
at 776 feet, the fluid reached the surface in 14 minutes.

After pumping for about 2% hours, the pump stopped

because of -mechanical trouble; it had pumped 10.8
barrels of oil in the time.
the well was pumped continuously with a 24-inch
stroke at 23 strokes per minute and produced 104.6
barrels in approximately 20 hours, including a 34-barrel
fluid column in the hole. In the next 24 hours 88.6
barrels was pumped.

Test 6, 33-840 feet.—After an unsuccessful fishing -
.operation, the pump was again installed, with the
bottom of the pump at 787 feet, the bottom of the:
mud anchor at 800 feet, and 13 spirally placed. 1- by

%—mch slots between 787 and 791 feet. The well was

pumped continuously with a 24-inch stroke for 18
days, except for a few shut-downs of a few hours ‘

After 1% hours for repairs,

duration. The daily production for this period is
shown in the table below. The variable production
rate may have been caused by mud plugging the pump
and then being washed out by the head of oil built up
in' the hole; the indicated rate of production was
90-100 ba.rrels per day, with no declme

Dazly productwn in 18-day pumping lest, Umial test well 4

Date Beurs. e Strokesper Barrels oil
‘pumped minute .
1850

Jul 29 . .__ 16 23 54.0
_________________ 18 23 78.3
23 18 23 73. 6
Aug ) 5% 23 27. 7
P ST 22 23 102. 0
S J 15% 23 75.0

L 24 14 80.0
L S 20 23 | 90. 0
[+ T 19 23 83. 0
Y 24 23 101. 5
- S, 24 20 90. 5
¢ I 24 23 90. 5
) ) IO 16 20 92. 0
12 e~ 24 20 100. 5
18 - 16 20 64. 0
14 .. 21 23 114, 0
15 - 8 23 36.0
Total . .. 1,269.6

-1 Shut down on August 10 for repalrs to rig engine.
OIL AND GASOLINE ANALYSES

In June 1950 two 5-gallon samples of oil from Umiat

| test well 4 were sent to the U. S. Bureau of Mines

Petroleum Experiment Station, Petroleum Chemistry
and Refining Section, Bartlesville, Okla., for analysis.
One sample was from a bailing test, and one from a
pumping test (tests 2 and 3, -respectively; see pages
127-128), the oil coming from between 353 and 427 feet.
The analyses made by the U. S. Bureau of Mines are
shown in the table on p. 119. The bailing test is
represented by U. S. Bureau of Mines sample 50103, the
pumping test, by U. S. Bureau of Mines sample 50104.

In order to obtain oil for use in oil-emulsion mud, a
boiler was constructed at Umiat to remove some of the
lighter fractions of crude oil. As an experiment
lighter fractions of oil from Umiat test well 4 were
separated at temperatures as high as 330°F, and the
cuts were analyzed by the U. S. Burea.u of Mines at
Bartlesville, Okla. The gasoline, as shown in table
(p. 130) has a high natural-octane number which can
be raised appreciably by the addition of tetraethyl lead.
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Andlysqs of Bureau of Mines crude-peiroleum samples 60103 and 650104 from Umiat test well 4

General characteristics of sampleé follow: Sample 50103: Sp gr, 0.841; suifur, <0.1 percent; Saybolt Universal viscosity at 100°F, 37 sec; gravity, 36.8°API; pour point, ~5°F
t cojor, Natl. Petroleum Assoc. nd. 4&4 Smgple 50104: Sp g'r, 0.842; sulln'r, <0.1percent; Saybolt Universal viscosity at 100° F,37 sec; gtawty: 36.6°API; pour. point: —5°F

color, Natl. Petroleum Assoe. no.

Distitlation by Bureau of Mines routine method
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- Saybolt
Cut at-~ Percent Specifie Gravity Aniline point | Universal Cloud test (°F)
. gravity 1 °APIat 60°F [ 0?0 viscosit;
Fraction . at 100°
°q °F 50103 | 50104 50104 | 50103 50103 | 50104 § 50103 | 50104 | 50103 50104 -
M L-;-Dhtillation at stmospheric pressure, sample 50103: 749 mm Hg; sample 50104: 749 mm Hg
Firet drop, sample 50103: 48°C (118°F); )
1 601 122 J
3 7%y 167 11 1.3 1.1 13 0.691 g"l 73.3
3 100 212 5.1 4.9 6.2 6.2 .742 | 60.2) 50.2 30 82| 40.5| 410
4 126 . 287 9.0 9.5| 182} 157 .769 | 53.0( 525 35 3.| 3501 36.3
5. 150 302 6.8 66 20| 23 .787 | 48.8 ] 48.3 36 36| 342 34.5
6. 175 M7y 67| 68| W7| 2.1 709 | 45.8| 45.8 35 35| 38.9| 30.3
7 - 200 392 5.7 544 344 345 .800 ]| 43.6 | 43.4 33 B4} 46.6 | 46.9
8 225 437 6.2 7.0 ] 40.8| 4L5 825 | 40.6 40.0 34 36} 83.7] 540
9. 250 482 7.8 7.0 484 48.5 842 | 37.0 ] 36.6 338 3¢ 57.7| 57.6
10, 275 527 . 89 9.8 6.3 583 856 | 34.0 _33.3 40 41:] 60.5 | 60.0
lation continued at 40 millimeters H
1 s00| 2021 °66] 46| 639/ 29 o.868 | aLo| sLs| 4 65.6| 65.4| 40| 41| Belows | Below:s
12 225 437 7.9 86] 7.8 7.6 .870| 30.8| 3L1 40 7.6} 72.2 46 48 |- 20 . 2
13, 250 482 6.1 61| 77.9| 77.6 .81} 20.1| 29.1 [ 0 B N PR A 80 60 351" 35
14 275 | b2y 5.3 46! 83.2| 822 .887 | 27.7| 28.0 42 85 88 50 50
15. 300 572 4.7 511 8791 87.3 .895] 26.3| 26.6 175 | "165 |- 55 86
Resgiduum 2. . 4 120 121 | 89.9| 99.4 015 231 23.1
1 Specific gravity at 60°F compared with water at 60°F.
s arbon‘residue of residuum, sample 50103: 1.6 percent; sample 50104: 1.5 percent. Carbon residue of both samples of crude: 0.2 percent.
Approzimate summary
= Percent . Qravity, °API . Saybolt Untiveréal
- . viseosi
Constituent ’ ,
50103 | bo104 50103 50104 50103 50104
Light gasoline. ..___] s 6.2 6.2 0.730 . 731 62.3 62.1
Total gasoline and naphtha 34.4 4.5 . .78 50.6 50. 4
Kerosene distillate. 6.2 7.0 .822 .82 : 40.6 40.0
Gasoll-i. ... 20.3 27.8 . 857 858 33.6 33.4.
Nonviscous lubricating distillate. 1.5 11.5| 0.875- .800 888 | 30.2-27.5 | 30.6-27.9 50-100
Medium lub: distillate 5.6 6.6 .890- . 899 890.] 27.5-256.9 | 27.9-25.9 100-200 100200
Viscous lubricating distillate .9 . 896~ . 901 Loz 25.9-25.6 Above 200 { - Above 200
Residunm._______. 12.0 12.1 . 915 23.1 3.1
Distillation loss .1 .6
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Analyses of gacolme samples distilled from crude oil from Umiat test
well 4

[Am!ysis by U. 8. Bur. Mines]

‘8ample
1 2 .3 4 .15
Disf
8 0.805
Tavity. .23 44.3
Reid vapor pressure 1.7 0.9 0.5
Distillation by American Society for Testing Materials method D 86
Initial bofling point. ... ... °F_. 156 186 210 216 | 236
§ percent evaporated.. - °F__ 178 206 220 248 256 .
8 percent evaporated. .. OF__ 184 208 228 2521 - 264
10 perceni evaporated. R 185 210 238 256 270
20 pereenf evaporated. .. .. °F. 192 218 250 268 847
30 percent evaporated._. - °F__ 199 224 263 281 | . 206
40 percent evaporated . °F_ 206 231 275 205 308
50 percent evaporated °F__ 214 243 203 311 3:
60 percent evaporated. _.°F__ 224 313 331 349
70 percent evaporated. _.°F__ 236 276 337 gg 377
80 percent evaporated --°F_. 258 368 407
80 percent evaporated __°F__ 300 340 420 434 454
95 percent evaporated °F_. 340 376 463 - 468 484
nd point. oo °F__ 420 463 510 ple b 628
........... perodnt by weight-- 0.0027 | 0.0042 0. 0068 0.0072 | 0.0001
Motor octane -
[0 1 U 66.7 61.8 53. 4 50.0 48.0
1.5 ml tetraethyl Jead...pergal._| 80.8 76.1 69.7 66,9 65.2
3.0ml tetmethyl Jead.._pergal .| 84.9 81.2 75.2 72.6 711
LOGISTICS

Personnel and housing.—The supervisory personnel
consisted of a petroleum engineer-geologist and a drill-
ing foreman. Drilling crews included 1 driller, 2 tool

dressers, and 1 pumper and gauger, making a permanent

personnel of 6. Qtheremployees coming from the Umiat
camp as they were needed included a welder to dress
‘drill bits, a mechanic, a bulldozer operator, and laborers.
Shelter at the rig site consisted of a shed and canvas
windbreaker around the drill rig; the crew lived at
Umiat camp.

Vehicles and heavy equipment ——Vehxcles were bor-
rowed from Umiat camp when they were needed. These

included 1 D8 Caterpillar bulldozer, 1 small crane’

(cherrypicker), and 3 weasels. One each of the follow-
ing major items of drilling equipment was listed by the
Arctic Contractors as having been used.

Bucyrus-Armstrong water-well drill, model 29-W, with
45-ft all-steel mast.

Buda 6-cylinder gasoline engine, model HP-298.

Kohler 1.5-kw light plant.

Wisconsin engine model VF-4, for water pump.

Water tank of bolted steel, 100-bbl capacity.

.0il tank of bolted steel, 250-bbl capacity.

Compressor unit for mosquito control.

Lufkin TC-3A pumping unit.

Le Roi 4-cylinder gasoline engine (power supply for Lufkin
pump).

i recorded by Gordon H. Qosting,
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‘Oilmaster 2%-in. by 2-in. by 8-ft. stationary barrel top-

‘ anchor oil pump, model A-528-8.

Fuel, water, and lubricant consumption—The ma-
terials recorded below were used in drilling the hole to
170 feet and from 299 to 840 feet, the total depth.
Diesel fuel and 72-octane gasoline consumption was 415
and 1,110 gallons, respectively. Lubricating compounds
totaled 34 gallons of No. 2170 lubricating oil and 112
pounds of grease; 5,805 gallons of water were used.

DRILLING OPERATIONS
DRILLING NOTES
The Bucyrus-Armstrong cable-tool rig was mounted
on skids and pulled to the well site with a D8 Cater-
pillar tractor.

Data on drilling operations presented below was
petroleum engineer.

Notes from drill records

Depth (feet) Remarks
33 . Drilled 15-in. hole to 33 ft, and cemented 1
joint of 11%-in. casing with 12 sacks of
Cal-Seal,
130 . . Added rock salt, to 10-25 gal of fresh water

being used to lubricate bit. Hole froze up
whenever bit was out far several hours; 2-3
Ibs of rock salt with 25 gal of water found
sufficient to keep hole from freezing.

208 _ .. Ran Widco electric log from 33 tg 285 feet, in
fresh water. Bailed hole dry; drilled and

. reamed ice out.of hole.

427 .. Ice in oil during bailing test suggested ice in
the sand; brine added to prevent ice forma-
tion. (See section on Formation tests.)

565 ... Reamed out ice from 427 to 565 ft.

Added 8 bbl of brine made with 400 1b of

salt, bringing brine level to 427 ft. -

Added 2 bbl of brine made with 200 lb of
salt.

Fluid level was at 316 ft, with oil-water inter-
face near 670 ft. Temperature of bottom-
hole siudge 30°F,! and its salinity (at 675
ft) was 1,006 grains per gal, compared with
6,432 grains per gal of brine added. De-
crease in salinity was caused by addition of
small amounts of fresh water as hole deep-
ened, and possibly by some thawing of
permafrost.

760 . .. Temperature of bottom-hole sludge was 33°F;

fluid leve] at 307 ft.

826 . . Temperature of bottom-hole sludge was 36°F;
fluid level at 307 ft.

1 Sludge-temperature measurements were made at the surface in fluid brought up
by the bailer. The bit had not been in use for 1-3 hr previously, and the bailer

remained on the boitom at least 10 min. It was brought to the surface, and the
temperature of the finid in the bottom of it was measured as rapidly as possible.
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Notes from drill records—Continued

Depth (feet) . Remarks
840 .. Dnlhng line broke off just above socket,
leaving tools, including 6-in. bit, stem, jars,

and socket, in hole with top of fish at 802 ft.

Several unsuccessful attempts made to re-

_cover fish., On second attempt fish was

lifted 10 ft off bottom, but tools stuck, and

fish and four 3%-in. slips lost. Fishing with

wall hooks also . unsuccessful. Pumping

equipment installed, and well tested. (See

Test 4, p. 128.) Pumpmg equipment then

removed, after half a barrel of hot salt

water wds poured into tubing and allowed to

remain for 2 hr to free pump from tubing.

Pump cleaned and reinstalled, but when the

oil stopped flowing after 15 min of pumping,

pump was again removegd and found full of

mud. When pump -was put back, a 15-ft

joint of tubing was removed and mud-anchor

based at 785 ft, 15 ft above its earlier posi-

tion. After pumping about 2 days, pump

again removed and hole cleaned, including

removal of 7 ft of cavings. A 2-1b charge of

dynamite set off just above fish, but fishing

operations that followed were unsuccessful.

Pump put down hole again, and 18-day

pumping t{est begun. (S8ee Test 6.) Rig

moved off well location at that time. After

pumping test, Lufkin pumping unit removed.

In April 1952 Umiat test well 4 was cleaned out and
oil pumped from it in order to supply oil for oil-base
mud. A Bucyrus rig was installed over the hole, and
a 6-inch cable-tool bit used to clean out the hole. Only
a slight amount of bridging ‘was found, and this was at
depths greater than 400 feet. The top of the fluid was
at 306 feet. It was bailed down to 616 feet, and after
standing an hour, the fluid level rose 157 feet. A
pump was installed, and the well pumped 145 barrels
of oil in 12 hours; a shorter pump stroke later recovered
111 barrels in' 9 hours, and 110 barrels in 11% hours.
A total of 500 barrels of oil was produced. The casing
was capped, and the pipe-line valve at the well closed.

DRILL AND CORE BITS

Thirteen drill bits were used in making the hole; as
each became dull it was redressed by hard-surface
welding at Umiat camp. The Baker cable-tool core
barrel No. 6 was used with two 5%-inch core bits for
the 24.5 feet of coring done. About 17.5 feet of cored
rock was recovered, all badly broken. On the graphic
log (pl. 12) bits used to ream through cored intervals
are shown as having drilled these intervals to avoid
confusion from short intervals of alternate drilling and
reaming by one bit. Bitno. 8, not shown on the log,
was used only for reaming ice from the hole.

423224—:58——b
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ELECTRIC LOGGING

After the hole was filled with fresh water, an electric
log was run with the Widco (Well Instrument Develop-
ing Company) Logger, from 33 to 285 feet.

TEMPERATURE MEASUREMENT STUDIES .
By MAX C. BREWER

Umiat test well 4 had been abandoned for 20 months
and should have very nearly reached thermal equi-
librium when a thermistor cable was lowered on April
1, 1952, to a depth of 291 feet where an obstruction,
thought to be a thin plug of ice, was reached. Readings
were taken in this upper air-filled part of the hole the
following day when the thermistors had had sufficient
time to come to thermal equih'brium with their sur-
roundings.

Permafrost is here used in Muller s sense (Muller,
1945) of a thickness of soil or other surficial deposit or
of bedrock at a variable depth beneath the surface of
the earth in which a temperature below freezing has
existed continuously for a long time.  Although not
explicitly stated in this definition, Muller has consist-
ently used the term ‘“‘permafrost’ to apply to material
whose temperature is perennially below 0°C, and it
was his intention to do so (oral communication).

The thermal profile in this hole (temperature vs.
depth) showed that the minimum permafrost temper-
ature is approximately —6.20°C at a depth of 100
feet. The temperatures above 100 feet are slightly
warmer than those -at similar depths in Umiat test
well 6, but temperatures at depths below 100 feet are
considerably colder (1.1°C at 250 feet). Because both
wells are subject to about the same climatic effects and
are in rather similar lithologic surroundings, any dif-
ferences in temperature in these two holes should be the
effect of either topography, the Colville River, dif-
ferences in well-filling material (Aquagel or air), surface
cover, or a combination of these factors. Temperature
and other data are not sufficient for a complete inter-
pretation of the role of these factors in the temperature
differences in the wells, especially at Umiat test well 4,
but they indicate that the temperature differences
above 100 feet in depth (the approximate depth of
seasonal change) may well be caused by topography.
The hole is very close to the south-facing slope of the
ridge and thus, to depths on the order of 100 feet, may
be exposed to certain warming side effects not found in
holes in flat areas. The differences below 100 feet may
be caused by topography and (or) the nearness of the
Colville River to Umiat test well 6.



132

It is doubtful if drilling penetrated through the
bottom of permafrost as the total depth of the well is
840 feet, while the indicated depth of permafrost is 890
feet according to an extrapolation of the geothermal
profile curve. This extrapolation, for a distance of
600 feet, is subject to error, but there are several lines
of evidence favoring this conclusion. First, the inverse
geothermal gradient of the bottom eight measurements
and the extrapolated part of the curve is 115 feet per
degree centigrade, whereas the inverse geothermal
gradient at nearby Umiat test well 6 is 117 feet per
degree centigrade from 250 to 700 feet in depth. Sec-
ondly, the depth of permafrost at Umiat test well 6 is
approximately 770 feet, and the difference of —1.1°C
at 250 feet, if carried on to greater depths in accordance
with the observed gradient, would indicate a depth of
permafrost of 897 feet at Umiat test well 4.

UMIAT TEST WELL §

Location: Lat 69°23’05’’ N., long 152°04’56"’ W.

Elevation: Ground level 334 feet; rig floor, 335 feet.

Spudded: July 5, 1950.

Suspended: September 22, 1950.

Resumed: April 22, 1951, :

Completed: October 4, 1951; pumped 406 barrels of oil per day;
shut in.

Total depth‘ 1,077 feet.

To demonstrate further the value of drilling with
cable tools and using brine, Umiat test well 5 was
drilled close (174 feet east and 97 feet north) to Umiat
test well 2, which had several oil shows but produced
only a trace of oil when tested. Umiat test well 5
produced 400 barrels of oil per day and expanded the
known producing area of the field in addition to testing
the lower sandstone bed of the Grandstand formation.

DESCRIPTION OF CORES AND CUTTINGS

The hole probably spudded in the Ninuluk forma-
tion, but the first sample, at 65 feet, was taken 5 feet
below the top of the Killik tongue of the Chandler
formation as determined by correlation with nearby
wells. Thin coal beds are common between 85 and 105
feet, and clay ironstone is present throughout the
formation, which consists primarily of interbedded
sandstone and clay shale. A slight show of gas was
noted just below 200 feet, with oil in a lower sandstone.
The base of the formation, at 335 feet, is marked by
sandy siltstone instead of sandstome as in other wells.

All the sandstone beds in the Grandstand formation

(335-1,060 feet) had shows of oil and are the source
of the oil produced from the well.. “When the well was
drilled below 800 feet, however, silt water also entered
the hole. Pressure in the lower sandstone held the
fluid level 195 feet higher in the hole than pressure in
the upper sandstone; this probably caused movement
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of oil from the lower to the upper sandstone while the
hole was idle. The open hole produced oil at the capac-
ity of the pump, with very little water; no decline was
apparent in a 93-day test. (See table on p. 135.)
The bottom of the hole is 17 feet below the top of the
Topagoruk formation (1,060-1,077 ft).

Several rigs were employed in drilling Umiat test
well 5; they are described on page 136. Depths in
the well are measured from the derrick floor used with
the cable-tool rigs, 1 foot above ground level.

Lithologic description
[Where no cores are lsted, description is based on cutting samples]

Depth (feet) Remarks

0-65
65-70

No sample.

Sandstone, giltstone, clay shale. Sand-
stone, medium-light-gray, fine-grained,
silty, micaceous, noncalcareous; com-
posed of subangular clear and white
quartz and gray and dark rock frag-
ments. Siltstone, medium-light-gray,
argillaceous, sandy, micaceous, non-
calcareous. Clay shale, medium-dark-
gray, very micaceous, noncalcareous,

Clay shale and siltstone as above, with
rare clay ironstone and carbonaceous
shale.

Sandstone as above, with small amount of
siltstone and clay shale, and rare clay
ironstone.

Siltstone, with small amount of light-

. olive-gray very fine-grained micaceous
sandstone and clay shale, with very
small amount of clay ironstone and
black shaly coal.

Siltstone, medlum-hghtr-grai , argillaceous,
slightly calcareous, with very small
amount of clay shale, carbonaceous
shale, and coal.

Clay shale, medium-dark-gray, very sxlty,
noncalcareous, and small amount of
very arglllaceous siltstone; rare coal in
upper part; some light-grayish-brown
noncalcareous clay ironstone with con-
choidal fracture in lower part.

No sample.

San dstone,

70-75

75-85

85-90

90-100

100-110

.....

110-115
115~-120

120-125

medium-light-gray, fine-
grained, silty, noncalcareous. -

Sandstone an sﬂtstone, medium-light-
gray, very sandy, argillaceous, with
rare black carbonaceous clay shale.

Sandstone, siltstone, and clay shale.

Sandstone, medium-light-gray, fine- to
medium-grained, noncalcareous, fri-
able; composed  of subangular clear
and white quartz, gray chert, and dark
rock fragments.

Clay shale, very silty, with small amount
of siltstone and sandstone.

Sandstone, with small amount of silt~
stone.

Sandstone and very silty clay shale.

Sandstons, with very small amount of
clay shale and siltstone.

Clay shale, medium-dark-gray, slightly
silty, allﬁhtly micaceous, noncalcar-
eous, slightly carbonaceous.

Sandstone, with some siltstone and very
silty clay shale.

Clay shale, with siltstone, medium-gray,
slightly to very a.rglllaceous, and clay
ironstone in lower part.

125-130
130-135

_____

-135~140
140-150

150-155
155-170

170~-180

-

180-185
185-195
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Lithologic description—Continued
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Lithologic description—Continued
Core Depth (feet) Remarks Core Depth (feet) Remarks
..... 195-200 | Clay ironstone, light-brownish-gray, | --.-. 390-400 | Sandstone with small amount of bentonite,
conchoidal fracture. siltstone, and clay shale.
_____ 200-215 | Sandstone, light-gray, fine-grained, fri- 9 400403 vered 4 in.: Microfossils absent.
able; composed of subanguiar clear and Sandstone, light-olive-gray, very fine-
white quartz with rare dark rock grained, silty, argillaceous, micaceous; .
fragments. nonealcareous, massive.
_____ 215-230 | Sandstone, light-gray, fine- to very fine- 10 403-404 | Recovered 7 in.: Microfossils absent.
grained, silty, argillaceous, noncalcar- ) ’ Bandstone as above.
eous, with some medium- to medium- | ----- 404-410 | Sandstone, medium-light-gray, fine- to
dark-gray silty clay shale which in- very fine-grained, slightly silty, non--
creases with depth from a'fourth to a calcareous. .
half of the rock. =~ | .. 410-415 | Clay. shale, medium-dark-gray, slightly
..... 230-235 | Sandstone, light-gray, fine- to very fine- to_ very silty, noncalcareous.
grained, silty, argillaceous, moncal- | -.--- 415-420 | Sandstene, medium-light-gray, very fine-
careous. T grained, silty, argillaceous, with very
..... 235-290 | Clay shale, medium-dark-gray, slightly small amount of clay shale and siltstone.
to very silty, with very small amount | ._--- 420-425 | Clay shale, slightly to very silty. =
of siltstone at 240-245 and 255-275 ft, | ----- 425-430 | Sandstene, with small amount of clay
and very argillaceous light-gray ben- shale. .
toniteat 280f6. - | L____ 430-455 | Clay shale, medium-dark-gray, slightly
..... 290-300 | Sandstoné, medium-light-gray, very fine- to very silty, noncalcareous, with very -
! grained (rarely fine-grained), friable; small amount of sandstone and silt-
composed of subangular clear and white stone in upper part and rare reddish-
quartz with rare dark rock fragments. brown sideritic argillaceous limestone
_____ 300-304 | No sample. at 440 ft.
-1 304-306 | Recovered 2 ft: Microfossils absent. | -_... 455-460 | Sandstone, medium-light-gray, fine-
) 1 ft 8 in., sandstone, medium-light- ‘grained, slightly silty, noncalcareous,:
grady, very fine-grained, very silty friable; composed of subangular clear
and argillaceous, noncalcareous, mas- and white quartz with some gray chert
sive; composed of subangular clear and dark rock fragments.
and white quartz, gray chert and | -.-__ 460-465 | Sandstone as above and clay shale,
dark rock fragments. Brown oil slightly silty in part.
stainonlower1ft. | .ao_. 465-475 | Sandstone as above. ) o
4 in,, drillingmud. | .. 475-480 | Clay shale, slightly to very silty, with
2 306-308 | Recovered 2 ft: Microfossils absent. ‘small amount of sandstone. )
Sandstone, dark-olive-gray, very fine- | ..___ 480-485 | Clay shale, very silty; and fine-grained
grained, very silty and argillaceous, ‘sandsione. -
noncaleareous; friable in part; brown | ---_- 485-490 | Clay shale, slightly to very silty, with
oil stain. Beds of slightly calcareous _some-sandstone. iR
sandy siltstone, 2-4 in. thick-rare. | ----- 490-495 | Sandstone, light-olive-gray, fine-grained, .
308-310 | Recovered 2 ft: Microfossils absent. -slightly silty, friable, nonecalcareous,
-1 Sandstone as above. - with gmall amount of clay shale and
4 310-312 | Recovered 2 ft: Microfossils absent. light-yellowish-brown clay ironstone.
- Sandstone as above. . T 495-500 | Clay shale, very slightly silty, with small
_____ 312-320 | Sandstone as in eores above; light brown- : amount. of sandstone and rare light-
ish gray in upper part, medium light greéenish-gray bentonite.
gray in lower part. @ __.__ 500-505 | Sandstone, light-olive-gray, fine-grained,
..... 320-330 | Clay shale, medium-dark-gray, slightly slightly silty, friable.
gilty, micaceous, noncalecareous. | --___ 505-610 | Clay shale, medium-dark-gray, slightly
_____ 330-335 | Siltstone, light-olive-gray, sandy, argil- to very silty, micaceous, noncalcareous,
laceous, noncalcareous, with very small | --__. 610-615 | Clay shale and siltstone, medium-gray,
. amount of sandstone and clay shale. very argillaceous, micaceous, non-
_____ 335-360 | Clay shale, medium-dark-gray, slightly calcareous. _
silty, with clay ironstone at 345 ft. | -___. 615-630 | Clay shale, slightly to very silty.
Top of Grandstand formation at 335 ft. | --_._ 630-640 | Siltstone, medium-gray, sandy, argilla-
_____ 360-365 | Clay shale, dark-gray, with small amount ceous, with some clay shale.
of sandstone. N 640-730 | Clay shale, slightly to very silty in upper
..... © 365-375 | Sandstone, light-gray, fine- to" very fine- 1 _-part, slightly silty in lower part.
grained, friable, with very small amount | -.___ 730-735 | Siltstone, medium-gray, sandy, argilla-
) of medium-dark- to dark-gray clay shale. ceous, noncalcareous, pyritic, with small
"5 375-376 | Recovered 6 in.: Microfossils absent. amount of clay shale.
: Sandstone, dark-olive-gray, very fine- | .____ 785-740 | Sandstone, medium-light-gray, fine-
) grained, silty, noncalcareous, with grained, silty, argillaceous, noncalcare-
. B brown oil stain. ous, with some dark fine to medium
6 376-377 | Recovered 6 in.: Microfossils absent. graing; some siltstone and clay shale
Sandstone as above. . also present.
7 377-378 | Recovered 4 in.: Microfossils absent, | -_._. 740-750 | Sandstone, = medium-light-gray,  fine-
. Sandstone as abave. - grained, silty, argillaceous, calcareous,
8 378-379. 5°} Recovered 1 ft. friable; composed of subangular clear
. Core not received in laboratory. and white quartz with gray -chert,
_____ 379. 5390 | Sandstone; medium-light-gray, slightly dark rock fragments, and. pyrite. -
: .. 8ilfy, noncaleareous, friable, with rare | ...__ 750765 | Clay shale, medium-dark-gray, slightly

- ‘elay shale and ‘very argillaceous light-
gray bentonite in lower § ft.

to very silty, -noncalcareous;
silty clay shale is pyritic.

some
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Lithologic description—Continued

Depth (feet)

Rem;tks-

11

.....

-----

_____

765770
770-786

786-789"

789-835

835837

837-863
863865
865870
870-880

880-885
885-890
890-010
910-920

920-960

960-965 |

065-970

970-1, 005 - 4

1, 005-1,010

1, 010-1, 025 -

1, 025-1, 030°

1, 0301, 035
1,035-1, 045

1 045-1, 050
1 050-1, 060

1,060-1, 075

1, 075-1, 077

i Sandstdne,

Clay shale as above, with some sand—
stone and rare siltstone.
Sandstone, hght—gra.y, fine-grained, very

slightly silty, noncalcareous, friabl e;

composed of subangular clear andiwhite

quartz with some dark rock fragments
and rare pyrlte

Recovered 9 in.: Not sa.mpled for micro-
fossils.

Sandstone, medium-light-gray,
grained, silty, argillaceous, non-
calcareous; composed of subangular

" grains of clear and white quartz with
some dark rock fragments.

Bandstone as above.
Recovered 1 ft 6 in.: Not sampled for
mierofossils.

Sandstone, medmm-llght-gray, very
fine-grained, very silty and argilla-
ceous, slightly calcareous; composed
of subangular grains of clear and
white quartz with some dark rock

] fragments. :

Sandstone a8 above, with rare clay shale
in lower 10 ft.

No sample.

Siltstone, medium-gray,
micaceous, noncalcareous,

argillaceous,
with clay

shale,

Clay shale, slightly to very silty, with
small amount of sandstone and very
small amount of siltstone.

Sandstone, light-gray, fine-grained, as
above.

Sandstone and white bentonite.

Sandstone as above.

Sandstone with clay: shale, medium-dark-
gray, -slightly to very silty.

medium-light-gray,
from fine to very fine grained with
depth, ".Small.ampunt of sandstone at
‘base is medium gray and calcareous,
with- abundant k rock fra.gments
and mica. .

Sandstone, - véry ﬁne—gramed and cla.y

_ shale.

Sandstone, fine-grained, very pyntw, with
very small amount of clay shale. :

‘Bandstone, fine-grained, grading to very
“fine grained with depth.

: Clay shale and sandstone.

Sandstone, very fine-grained, with rare
cla.y ‘shale in lower part; sandstone at
1,025 ft is medium gray, very ‘fine
gra,med argillaceous, and silty, with
abundant gray chert and dark rock
‘fragments.

Sandstone, with clay shale and siltstone.

Sandstone with very..small amount of
bentonite.

Sandstone with very small amount of
very silty clay shale, increasing to
one-third of the rock with depth.

Clay shale, very silty, with very small
amount of sandstane.

Sandstone, very fine-grained, with small
amount of clay shale in lower half.

Clay shale, medium-dark-gray, shghtly to
very. silty, noncalpareous. Top Topa-
.goruk formatxon at 1,060 ft.

N o sample :

fine-

grading -

by 3 layers of wire screen, from 597 to 598 feet.

CORE ANALYSES

The table below shows the porosity and permeability
of core samples from Umiat test well 5. The effective
porosity was determined by the Barnes method; air
permeability was determined with a permeameter
described on page 127.

Analyses of core samples from Umiat test well &

Depth (feet) Effective porosity| Air permeability
(percent)

(millidareys)

16. 60 95. 0
15. 50 26.0
13. 42 16. 0

9. 25 2.0
12. 21 13.0
12. 41 44. 0
17. 64 118. 0

OIL AND GAS
OIL AND GAS SHOWS

The following shows were noted by the Arctic Con-
tractors petroleum geologist and petroleum engineer.
The only gas show was a slight odor in sandstone at
204-245 feet. Oil shows were good at 304-320 feet, in
one of the main producing sandstones at 370-425 feet
in short intervals at 635-643 and 738-748 feet, and in
the lower thick oil-bearing sandstone at 770-960 feet.
Light oil stains were also hoticed at 460480 feet,
490-506 feet, and below the good show in the lower
sandstaone from 960-1,061 feet.

FORMA.’I‘ION TESTS

Several bailing, swabbing, and pumping tests were
made on the well, on& pumping test lasted 93 days.

Test 1, 82-510 feet.—The hole was bailed dry every
2 hours for 12 hours, producing 4.3 barrels of oil at a
steady rate of 30 gallons every 2 hours, or an estimated
rate of 8.6 barrels per day. Temperature of the oil.
from 510 feet, taken after bringing the bailer rapidly
to the surface after 2 hours on the bottom (510 ft),
was 31°F.. In the next 12 hours 38 gallons was bailed.
The fluid level was at 460 feet after 12 hours, and the
temperature of the oil from 460 to 510 feet was 28.5°F.
The 36-hour test indicated a rate of 7 barrels per day.

‘Test 2, 32-615 feet.—Bailed to bottom (615 ft) every
2 hours for 6 hours, producing 4.3 barrels each 2 hours
for the first- 2 periods, and 6.5 barrels in the third.
Fluid level after 12 hours was 316 feet.

Test 3, 32615 feet.—A pump was installed with the
bottom of the mud anchor at 605 feet, bottom of the

pump at 595 feet, and nine ¥%-inch perforations, covered
The
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pumping test began 4 days later, with a 24-inch stroke.
Fluid reached the surfaée in 7 minutes, and then the
well paumped about 9 harrels per hour for 3 hours,
thereafter dropping to about 3 barrels per hour. The
well produced 27 barrels of oil. The fluid level before
pumping began is estimated at 150 feet. Results of
the 15-day pumping test, which averaged about 70
barrels per day,
following table.

01l produced between 32 and 615 Seet during 15—day pumping lest
of Umtat test well 5

Date . Hours [ Oil (bbh) Didte Hours . | Ol (bbl)
pumped 1 pumped

2 81 24 82
4 66 24 79
24 66 24 70
24 70 24 73
2 2 2% 70
24 76 24 72
15 60 24 67
18 63

Test 4, 39-887 feet—Water was found at 800 feet;
2-3 barrels was bailed from 800 feet every 1% hours for
6 hours. At 1% hours salinity was 3,616 grains per
gallon, but it dropped to 1,133 grains per gallon after
4% hours. A sandstone at 825 feet showed a light cut
in CCl,.

Test 6, 771-1,077 feet —Tubing was run with a
packer at 771 feet and 30 feet of perforated pipe below
it. 'The hole was swabbed dry, with no shows of oil
or gas. The next day swabhing recovered 31 barrels
of water and drilling fluid and half a barrel of oil. The
fluid level above the packer dropped 30 feet. The
following 24 hours of swabbing recovered 23 barrels of
muddy water with 5,500 parts per million of chlorides
and 2 barrels of Simpson crude oil, which was used as
drilling fluid.  Fluid above the packer dropped 7 inches
per hour. Continued swabbing at a rate of 3 barrels
per hour recovered 14 barrels of water (with 5,800
parts per million of chlorides) and 36 barrels of Slmpson
crude oil, with & fluid-level drop of 2 inches every 12
hours. The last day of the test recovered 10 barrels of
water with 5,940 parts per million chlorides.

Test 6, 32-1,077 feet. Seventy barrels of oil was

bailed in 14 hours, with the fluid level remaining at

375 feet.

Test 7, 82-1,077 feet.—Thirty-three joints of 2}-inch
tubing, with one perforated joint on the bottom, were
landed at 1,018 feet. The swab stuck in the tubing,
possibly frozenin,and thegandlinebroke, Afterrecover-
ing the line, 309 barrels of oil was swabbed in 15% hours.
Continuous swabbing for 19 hours then recovered 275
barrels of oil, and the fluid level rose from 250 to 100
feet during that time. The well headed twice and
flowed about 1 barrel each time. The oil averaged

pumping by heads, are given in the
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about 4.7 percent water and 0.1 percent sediment by
volume, though the quantity of water varied consider-
ably. Continued swabbmg for 24 hours recovered 407
barrels of oil.

Test 8, 32-1,077 feet.—Beginning on June 20 1951, a
93-day pumping test was made with the bottom of the
pump at 1,075 feet for the first 3 days, then at 1,055
feet. For the first 1% weeks the well produced 300400
barrels of oil per day, with water content decreasing
from 1.35 percent to 0.4 percent, with about 3,500 parts
per million chlorides. The temperature of the flow
line, in spite of the heater at the bottom of the tubing,
was only 27°-28°F. The pump stuck twice, and“one
shutdown, at least, was caused by ice on the pump-or
rods. . The following table gives the results of the 93-
day test. - For the first 49 days the pump stroke was
46 inches; after that it was reduced to 36 inches.
Strokes per minute were 16~18 for the first 6 days, 24
per minute for the next 12 days, 18 through the 50th
day, and 14 thereafter (except for 1 day, the 51st, of
17 strokes per minute). Temperatures ranged from
28°-32°F throughout; no wax or hydrogen sulfide was
noticed. During the entire test the pump was too
small to handle the full producing capacity of the well.

Results of 93-day pumping test during 1961, Umiat test well §

Date Hours_ | 0il (bbl) Date Hours_ | Oil (bbD)
1 pumped .| pumped
June 20 9.0 187.0 |} Aug. B ceaeen 24.0 368.0
21.0 306.0 ‘24.0 367.0
17.0 347.5 . .24.0 283.0
15.0 217.0 23.5 268.0
8.5 [ 115. 5 - 28:0 - 182.0
19.0 288.5 24.0 186.0
18,5 320.0 24.0 180.0
19.0 869.0 15.25 121.5
18.0 363.5 23.0 196.0
18.0 323.0 24.0 183.0
24.0 440.0 4.0 189, 5
July 1 23.0 448.0 24.0 169. 5
: 22.0 402.5 24.0 . 1915
. 24.0 437.0 24.0 200,0
20.0 356.5 24.0 195.0
22.5 351.0. 24.0 1910
15.0 271.0° 2.0 193.6
13.5 . 226.0 24.0 161.0
13.5 2510 24,0 193.5
24.0 383.0 24.0 192,56
2401 - -379.0 24.0 175.5
. 23.0 346.0 24.0 189.0
23.5 360.0 24.0 194.5
24.0 367.0 240 186.0
24.0 374.5 24.0 197.0
24.0 357.5 31 24.0 197.0
24.0 '368.0 || Sept. 24.0 195.0
24.0 373.5 4.0 183.0
24.0 401. 5 24.0 188.5
24.0 367.5 24.0 189.0
24.0 365.0 24.0 186.5
24.0 344.5 17.0 145.0
24.0 354.0 17.5 148.0
24.0 357.5 24.0 18L.5
24,0 364. 5 24.0 194.0
24,0 373.3 24.0 197.0
24.0 359.0 22.0 180.5
4.0 374.8 20.5 167.0
24.0 364.0° 24.0 183.0
24.0 366. 5 17.0 139.5
24.0. .0 20.0 145.0
24.0 373.0 24.0. 191.6
Aug, 4.0 873.0 4.0 1860
24,0 361.5 . 15,5 120.5
24.0 858.0 21,0 170.0
24.0 313.6 - 21.0 2140
4.0 .34L.6 ’ s
: Total___..... 2,059.25 | 24, 987.1 0
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LOGISTIOS

Personnel and housing—A drilling foreman and a.
petroleum engineer or geologist actéd as supervisors.

The drilling crew for the cable-tool rig included 2
drillers and 2 tool dressers; the rotary drilling was done
by 2 drillers and 4 helpers. Temporary workers came
from Umiat camp when necessary. An extra floorman,
a welder for dressing bits, mechanic, bulldozer operator,
cementer, and laborers were all used for short periods.
The housing at the rig site besides the rig included the

power and Heat-Psk boiler wanigan, and the cement-

pump wanigan, which was also used at other Umiat
wells. : , »

Vehicles and heavy equipment.—All vehicles were sup-
plied from Umiat camp as they were needed. Cater-
-pillar tractors, cranes, weasels, and trucks were used.
‘Severa.l rigs were used in drilling this well—2 cable-tool
rigs (1 spudder and 1 capable of drilling deeper) and 2
rotary rigs. The first rotary rig, and some of its as-
sociated equipment, was destroyed by fire. Equip-
ment used by Arctic Contractors included that de-
stroyed as well as items used as replacements:

1. Keystone spudder, model 53.

) Bucyrus-Erie cable-tool rig, model 29W.,

b D Bucyrus-Armstrong cable tool rig.

b J Failing 1500 rotary rigs.!

b Buda gasoline engines,! model HP-326.

R Heat-Pak boilers,! model 624-S.

) SR, Westco boiler-feed pump.

) W Gardner-Denver 4}¢- by 6-in. pump.

S Mud tanks,! 3}4-by 5-by 4-ft (half of & pon-
toon), mounted on go-devil.

) . Gardner-Denver 5- by 8-in. pump (with mud
tanks), powered by Caterpillar D8800 diesel -
engine,

) S Gardner-Denver 4%- by 10-in. pump, powered
by Caterpillar D8800 diesel engine.

) S Kato generator! with Wisconsin gasoline en-
gine, model VE—4.

.. generator, 4 kw, powered with Waukesha gas-
oline engine, model FCL~70.

) S, Gardner-Denver 54%-by 10-in. pump powered

by Caterpillar D8800 diesel engine (@n
cement wanigan).
1 One destroyed by fire,

Fuel, water, and lubricant consumption.—The con-
sumption of gasoline (72-octane) and diesel fuel- was
3,439 gallons and 1,784 gallons, respectively. Slightly

more than 42,873 gallons of water was used; as no |- . -
record of it was kept for the first week of drilling, the |

figure given here does not represent the total consump-
tion. Lubricating oil no. 9170 consumed was 62%
gallons, and thread-lubricating grease, 150% pounds.

“timbers on a pad of gravel.
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DRILLING OPEBATIONS
DRILLING NOTES

All the rigs used in drilling Umiat test well 5 were
miounted on sleds made of pipe set on 12- by 12-inch
The well was spudded
with a Keystone cable-tool rig, which was replaced by
Bucyrus-Erie cable-tool rig because the Keystone rig
was too light to reach the depth desired. This rig was
replaced by a Bucyrus-Armstrong cable-tool rig which
drilled to the total depth. About 7 months later a
Failing rotary rig was moved over the well, and the
hole was reamed to the bottom. Fire destroyed the
rig, and a second Failing rig was installed to complete

-scraping the walls and testing the well. The following

drilling operations were reported by Gordon Oosting,
petroleum engineer.

Notes from drill records

Remarks

Drive belt broke and rig shut down 22 hr
waiting for replacement.

Set 8%-in. casing with welded shoe on bottom
at 23% ft, and cemented with 12 sacks of
Cal-Seal. Well stood cemented for 24 hr.

" Drilled out shoe and continued drilling to 52
ft. Water-bearing sand and caving sedi-
ments encountered just below casing shoe.
Casing was broken free of Cal-Seal, a 9-ft
joint was added and casing driven to 32 ft.
Water-bearing, caving interval thus sealed
off.

Two hours spent relacing drive belt. Bit
points were too sharp, which caused them to
stick in ice or hard rock., Attempts to ream
from 110 to 120 ft were unsuccessful until

] points were flattened.

182 ... Shut down about 2 days waiting for drive-belt
lacing.

In drilling first 200 feet of hole, 15-25 gal of
fresh water was put into hole each time it
was bailed out. Small amounts of salt were
added occasionally but without effect on
drilling. Little or no ice formed in hole.

Shut down almost 2 days because drive-belt
lacing wore out; day spent putting wire
lacing on belt. Hole reamed from 30 to 210
ft; this was necessary probably because of ice

formation on sides of hole during shutdown.
Jce may have been caused by freezing of
melt water from near surface. Fifteen gal
brine added at surface drained down to
bottom leaving a salt poating on hole walls.

Used 75 1b salt with 53 gal (1 bbl) of water.

Spudding shaft broke while drilling. Tools and
oable lost in hole but recovered with littie
difficulty. Rig taken down and moved off
well site; hole filled with 12.5 bbl of crude
oil from Umiat test well 4. A week later a
Bucyrus-Erie cable-tool rig was moved into
position, oil bailed out of hole, and drllhng

. resumed.
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Notes from drill records—Continued
Depth (feet) ) Remarks
203 - Five hours to repair engine.
304, - Hole bailed dry and drilled and cored from 304
- to 316 ft with only oil seeping into hole as
drilling fluid. Drilling slow and difficult
without water in hole because oil would not
hold sand in suspension; so 50 Ib salt and 50
"gal water added at 316 ft.

370 . Reached top of an oil-bearing sandstone and
bailed out salt water and mud in order to
core. No fluid used except oil seeping into
hole; and altheugh cores were recovered,
drilling was very slow. Salt water (50 1b of
salt per barrel of water) again used for ream-
ing from 375 to 879.5 £t and to drill ahead.
Each time hole was bailed, every 5 feet or
less, 1 bailer of mud was replaced by 1
bailer (17 gal) of salt water.

510.....__..-. Hole filled with 8 bbl of brine to a point above
oil-bearing sandstone. Sides of hole scraped,
all fluid bailed from hole, and bailing test
made (Test 1, p. 134).

585 oo Fourteen hours spent repairing reel sheave,

615 s In drilling from 425 to 615 feet, 1 bailer of brine
congsisting of 35 1b of salt per barrel of water
was added whenever hole was.bailed. Three
or four bailers of mud often had to be re-
moved from hole at the same time, because
shale being penetrated formed mud nat-
urally. -

After a bailing test, operations shut down for a
day while waiting for pumping equipment;
and after it was installed, Bucyrus-Erie rig
removed. After 15-day pumping test,
Buoyrus-Armstrong cable-tool rig moved to
well site.

960 . __...___. Brine of 35 b of salt per barrel of water used
between 615 and 960 ft. Total salt used to

" '960 ft was 2,000 1b.

980 . _._._____ Hemp-center drilling line broke while coming

" out of hole, leaving cable tools and 75 ft of
line in hole. Fish recovered with center
spear. Hemp center of drilling line seemed
to be rotten, although it had been in use
only 2 weeka—replaced with steel-center
line.

1,061, . ... After being shutdown a day, two 1,000-ft,
¥-in. sand lines were put on and spliced
with a 40-ft splice. A 12-hr delay caused by
working on Umiat test well 6.

1,075 .. From 620 to 630 ft reamed to a diameter of

‘ 8 in.,, cleaned hole with salt water and

. scratchers on bailer. Total of 525 1b of salt
used between 960 and 1,075 ft. Swabbing
test made before well was shut in and rig
removed. Seven months later, in April
1951, Failing rig moved over hole; its floor
was 7 ft higher than cable-tool floor to which
depths have been adjusted. Two days spent
waiting for a flange from base camp at
Barrow.. After finding fluid level at 121 ft,
77 bbl of erude oil pumped in to get circula-

~‘tion. Aftempt was unsuccessful and 40 bbl
of fluid cofiiainjng water and tundra moss
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Remarks
and 25 bbl of brine was pumped in before
gaining circulation. Ice and tundra bridges
reamed between surface and 51 ft. After
losing circulation and regaining it with brine, °
ice was reamed between 51 and 155 ft, with
brine and oil as returns. Brine replaced
with 7 bbl of weathered crude. Hole reamed
to 233 ft, and returns were fresh oil. After
tools were pulled out of hole to repair
clutch, generator wanigan caught fire from
Heat-Pak; flames spread to oil-tank wanigan
where crude oil caught fire. = Flames then
destroyed rig. (See pl. 88.) Control gate
was closed, and well itself was not damaged.
A second Failing rig moved over hole with rig
floor set 3 ft lower than that of first rotary
rig, and 2% weeks later hole was again
reamed, ice being removed to 312 ft. About
22 hr spent waiting for heat-pack unit.
After installation, feaming continued to 539
ft. Circulation lost at 386 ft and regained
by pumping in 28 bbl of oil and 8 sacks of
tundra moss; circulation lost again at 396 ft
but regained after adding 10 bbl of Umiat
crude oil.
1,077 ... ___ .. While reaming from 396 to 1,075 ft and drilling
to 1,077 ft, 22 bbl more of Umiat crude oil,
8 bbl of crude oil from Simpson Seeps core
tests, and 3 bbl of diesel fuel were added.
Hole reamed with 7%-in. bit from surface t{o
772 ft and again with 5%-in. bit from 772 ft
to total depth, finding bridges at 825 and
956 ft. Twelve barrels of Simpson crude
and 3 bbl of diesel fuel added during reaming.
A 7%-in. packer on tubing stuck at 30 ft, and
hole was again reamed with 7%-in. bit to that
depth before making swabbing test. After
test, hole reamed with 7%-in. bit to 772 ft,
and 26 bbl of crude oil and half sack of
peat moss added. The 6%-in. hole was
reamed from 772 to 873 ft, and from 686 to
1,056 ft, with 7}¢-in. bits; during the reaming
38 bbl of crude oil was put into hole. A 9%-
in. wall scraper reamed from 366 to 516 ft
and from 726 to 746 ft, and 18 bbl of crude
and 5 bbl of diesel fuel added. A 10%-in.
scraper reamed from 456 to 509 ft, and 7%-
in, bit reamed from 886 to 1,057 ft; 3 bbl
of crude oil added during reaming. A 9%-
in. wall scraper reamed from 726 to 896 ft,
with addition of 8 bbl of crude oil. Tools
twisted off while reaming at 900 ft, but
fish was recovered, and reaming with the 9%~
in. seraper continued to 906 ft, where tools

" ‘twisted off again,

After recovering fish again, reaming continued
to 913 ft. Hole cleaned out with 7%-in. bit
from 913 to 1,056 ft. After bailing, tubing
run for swabbing test, pump installed, and a
93-day pumping test made. Well cleaned
out again, from 721 to 1,076 ft, using 192
bbl of Umiat crude oil to maintain circula-
tion. Tight spots from 688 to 1,076 ft then

Depth (feet)



138

Notes from drill records—Continued

~ Remarks
rereamed with same bit, using 154 bbl of
Umiat crude oil to retdin circulation.

_After waiting 4 days for cement, 49 joints of
5%-in. 15-1b National seamless line pipe
were run to 1,068 ft and cemented with 150
sacks of cement. Annulus between 8%- and
5%-in. casings cemented at surface with
20 sacks of Cal-Seal. Top of plug at 1,065
ft; hole filled to surface with Umiat crude
oil' and shut in. On top of 8%-in. surface
casing is 8%-in. coupling with 8%- by 10-in.
nipple with a flange welded to it. The 5%-
in. casing head is cemented to flange and
projects .above it, with screwed flange on
top. A 2%-in. flanged tubing head is capped
by swage nipple, coupling, and bushing.
Casing head and fixtures extend about 3 ft
above ground.

Depth (feet)

DRILL AND CORE BITS

A total of 24 cable-tool drilling bits were used in
drilling the hole—one 10%-inch bit, 13 bits 8 inches in
diameter, and the rest 6 inches across. To improve
the condition of the hole, bits 5, 6, 10, 23, and 24 were
- used entirely for reaming. Bits 8 and 11 also did some
reaming as well as drilling. One core bit 5% inches in
diameter was used with a Baker No. 6 cable-tool core
barrel to take 20 feet of core. . ,

Except for 2 feet of drilling, the rotary rig was used
entirely for reaming and cleaning out the hole. Four
Reed rock bits (2 SE-HM, and 2 SE-2HM) were
used, and one Hughes OSC-2 bit; all were 7% inches in
diameter, except one of the SE-2HM bits, which was
5% inches across. = A 9%-inch Baker wall scraper and
a 10%-inch Grant wall scraper were also used. At
some depths one bit was used for short alternate inter-
vals of drilling and reaming; to avoid confusion on the
graphic log (pl. 12), these bits are shown as having
drilled only. '~ \

' _ DRILLING FLUID

~ The first 200 feet of hole was drilled with a small
amount of fresh water in the hole, to which only a
little salt was added. Between 200 and 1,075 feet,
brine was used, consuming 3,875 pounds of salt in a
mixture that ranged from 35 to 50 pounds of salt for
each 53-gallon barrel of water. Below 1,075 feet
crude oil from Umiat or Simpson Seeps wells was used
as a drilling fluid, as well as a little (11 bbl) of diesel
fuel. © A total of 107 barrels of Simpstn crude oil and
550 barrels of Umiat crude oil was used.
, UMIAT TEST WELL 6
Location: Lat 69°22'44'’ N., long 152°05'40'’ W.

Elevation: Ground leveél, 834 feet; rig floor, 337 feet.
Spudded: August 14, 1950, ‘

B
- e i
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| Completed: December 12, 1950; pumped estimated 80 barrels of

oil per day; junked and abandoned.

| Total depth: 825 feet.

.. 'This well, the third drilled with cable tools, is about
3,600 feet southwest of, and structurally lower than

- Umiat test well 2. Its purpose was to extend or define
. the limits of production on the south flank of the
“anticline. Below alluvium, the Seabee (about 31 to

220 feet), Ninuluk (220-350 ft), Chandler (Killik

tongue) (350-630 ft), and Grandstand (630-825 ft)
' formations were penetrated; oil shows were noted in
:several sandstone beds below 245 feet.
“inadequately tested, because water appeared at o

They were

depth of 825 feet and could not be completely shut off,

‘causing ice to form in the tubing during production

tests; however, a possible recovery of about 80 barrels
of oil was indicated. An unsuccessful fishing attempt
and a badly caving hole prevented further testing and

- drilling; so the hole was filled with mud and capped.
'The condition of the hole precluded deepening it to
test the lower sandstone bed of the Grandstand forma-

tion, although plans originally called for possible
deepening if it was warranted by production from that
sandstone in Umiat test well 5.

DESCRIPTION OF CORES AND CUTTINGS
' Lithologic description
[Where np cores are listed, description 1s based on cutting samples]

‘Depth (fect) Remarks

Surface pipe to ground. )

No sample; Marvin A. Heany, well geologist,
states the hole penetrated gravel for the
first 31 ft, and clay, silt and shale between
31 and 100 ft. Top of Seabee formation
is at 31 ft.

Clay shale, medium-dark-gray; very silty
and slightly calcareous in part.

Clay shale, with a small amount of bluish-
white bentonite with abundant minute
biotite flakes, and very small amount of
medium-gray argillaceous noncalcareous
siltstone.

Clay shale, medium-dark-gray, slightly to
very silty, with very small amount of
siltstone. :

Clay shale, slightly to very silty.

Clay shale with some medium-gray, very
argillaceous siltstone.

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

Clay shale; calcareous in part; very cal-
careous medium-gra y siltstone.

Clz'xiy shale, with rare sil tstone and bentonite,
op of Ninuluk formation at 220 ft.
Sandstone, medium-light-gray, very fine-
- grained, slightly silty and argillaceous,
friable, slightly caleareous in part; com-
posed of subangular clear and white
quartz with dark rock fragments and

rare carbonized plant flakes.

Clay shale, medium-dark-gray, slightly to
very silty, noncalcareous, with very small
amount of sandstone and siltstone in
uﬁg)er part and rare black carbonaceous
shale in Jower part,

0-3
3-100 i

100-120
120-140

140-160

.....

160-170
170-175

176-210
210-220
220240
240-260

260-270
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Remarks

Core | Depth (feet) - Remarks Core | Depth (feet)
..... 270-280 | Bandstone, medium-light-gray, fine-grained, grained, very argillaceous and silty,
slightly silty and "argillaceous, noncal- slightly micaceous, very slightly cal-
. careotis; some medium-grained sandstone careous, massive.
contains abundant carbonaceous particles | —_.__ 531. 5-535 | Sandstone as above.
- and very small amount of clay shale. | _._._ 535-560 | Clay shale, medium-dark-gray, slightly to
..... 280-285 | Sandstone, medium-light-gray, very fine- very silty, noncalcareous.
‘ rained, noncalcareous; and medium- | _____ 560-570 | Clay shale, with some siltstone.
L _dark-gray clay shale. | ___. 570-580 | Clay shale, slightly to very silty in part.
..... 285-290 | Siltstone, medium-gray, sandy, argillaceous, | --__- 580-585 | Sandstone, medium-gray, very fine-grained,
o . noncalcareous; med{um-light-gray very carbonaceous, with black carbonaceous
' fine-grained - sandstone; and medium- clay shale and medium-dark-gray clay
. dark-gray noncalcarecus clay shale. shale.
_____ . 290-295 | Clay shale, medium-dark-gray, very silty, | -—--.] 585-590 | Clay shale, slightly to very silty.
' {  noncalcareous. T 590-595 | Clay shale and sandstone, light-gray, fine-
_____ 295-325- | Sandstone, medium-light-gray, fine-grained, to very fine-grained, slightly silty and
noncalcareous, friable; composed of sub- argillaceous, noncalcareous; composed of
“angular clear and white quartz, gray subangular clear and white quartz with
chert and dark rock fragments; medium- rare dark rock fragments,
) o grained sandstone increases from very | -.--. 595-600 | Sandstone as above. . N
L rare gt 310 ft to 20 percent at 325 ft. | -..-- 600-605 | Siltstone, light-gray, with some sandstone.
_____ 325335 | Clay shale, very silty, with small amount | —___. 605-610 | Sandstone, very fine-grained, very silty,
' of very arglllaceous siltstone and rare with some siltstone.
sandstope. =~ | ... 610-615 | Clay shale, medium-dark-gray, slightly to
..... 335-350 | Clay shale, slightly to very silty. Very very silty, with very small amoynt of
rare clay ironstone at 350 ft contains sandy siltstone.
structureless oolitelike pellets of calcite, | .- 615-620 | Clay shale, slightly to very silty.
: similar to those at 515 ft in Umiat test | —..-_ 620-625 | Sandstone, medium-light-gray, very fine-
well 7. grained, silty, argillaceous, sericitic, non-
..... 350-380 | Clay shale, with small amount of medium- calcareous, with some clay shale.
gray very argillaceous siltstone and very | _____ 625-630 | Clay shale and siltstone, medium-light-gray,
small amount of black dull to shiny coal - very argillaceous.
in lower part. Top of Killik tongue of | _____ 630-655 | Clay shale, medium-dark-gray, slightly. to
Chandler formation at 350 ft. very silty, noncalcareous, 'Top of Grand-
_____ . 380-385 | Biltstone, medium-gray, = argillaceous to stand formation at 630 ft.
: sandy, and medium-dark-gray clay shale | _.___ 655-680 | Sandstone, medium-light-gray, fine-grained,
: with some black carbonaceous clay shale. slightly silty and argillaceous, noncal-
..... 385-390 | Clay shale. careous, friable; composed of subangular
..... 390-410 | Bandstohe, medium-light-gray, fine- to very clear and white quartz with abundant
- fine-grained, argillaceous, silty, slightly dark rock fragments. Very small amount
micaceous, calcareous, with a very small of clay shale in top 5 ft.
amount of clay shale and rare siltstone in 3 680-683 | Recovered 1 ft: Not sampled for micro-
- lower part. ) fossils.
_____ 410-415 | Siltstone, medium-gray, slightly sandy, Sandstone, medium-light-gray, very fine-
argillaceous, slightly calcareous. grained, silty, argillaceous, very seri-
_____ 415-420 | Clay shale, slightly to very silty, with very citie, noncalecareous, with common car-
small amount of medium-light-gray non- bonaceous partings.
) calcareous siltstone. 4 683-687 | Recovered 2 in.: Not sampled for micro-
_____ 420-440 | Clay shale, slightly to very silty, with very fossils.
: rare carbonaceous black shale at 435 ft. Sandstone as above.
_____ 440-450 | Sandstone, medium-light-gray, fine-grained, { ---_- 687-695 | Sandstone as above.
) slightly argillaceous and silty, noncalcare- | ---__ 695-720 | Sandstone as above, with very small amount
ous, friable; composed of subangular clear of clay shale. :
. and white quartz and dark rock fragments, | --.-.. 720-730 | Clay shale, medium-dark-gray, slightly to
..... 450-465 | Clay shale, with small amount of siltstone very silty, noncalcareous.
inupper5f. | ca_as 730-735 | Clay shale and siltstone, medium-gray, very
_____ 465-475 | Clay shale, with some siltstone. argillaceous, noncalcareous.
_____ 475-495 | Clay shale, medium-dark-gray, noneal- | ---._| ~ 735-740 | Clay shale, very silty.
careous. ———— 740-745 | Siltstone, very argillaceous, with small
..... 495-505 | Sandstone, light-gray, fine-grained, non- amount of clay shale.
. i calcareous, friable; composed of sub- | ----. 745-755 | Clay shale, slightly to very silty, with very
angular clear and white quartz with rare small amount of siltstone.
gray and dark rock fragments. @ | _._-. 755-770 | Sandstone, medium-light-gray, fine-grained,
..... 505-508. 5 | No sample. i slightly silty, noncaleareous, friable.
1 | 508. 5-515 | Recovered 6 ft 6 in.: Microfossils absent. | ----- 770-775 | Clay shale and sandstone. .
Sandstone, medium-light-gray, very fine- | ----- 775-785. | Clay shale, medium-dark-gray; slightly
grained, very argillaceous and silty, silty in part. .
slightly micaceous, very slightly cal- | ~---- 785-795 | Clay shale, dark-gray, very silty; and very
careous, massive. fine-grained sandstone.
_____ 515-525 | Sandstone as above. ---2-}  795-800 | Sandstone, medium-light-gray, fine- to ver,
------ 525-529 | Sandstone, medium-light-gray, very fine- fine-grained, friable, with abundant dar
’ " grsined, very silty and argillaceous, 800-825 mi‘}clgxf;?g,mﬁlﬁum dark-gray, slightly to
ity elav | ==~~~ Sl % y
:ﬁg}gly caleareous, and very silty clay very silty, nonecaleareous, with very small
2 Recovered 2 ft 6 in.: Miserofossils absent. amount siltstone. ,

529-531. 5 -

Sandstone, medium-light-gray, very fine-
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- CORE ANALYSES"

Analyses given: in the table below were madeé with
the equipment described on page 127.

Analyses of core samples from Umiat test well 6

Depth (feet; Effecti' Aflr
] epth (feet) o WDOIBS— &urxg:::}gity
508-515_ _ e 14.0 0
529-531_ - e 3.35 -0
2| SO SUPR PP 9. 45 0
681-683. - e 85 0

OIL AND GAS
OIL AND GAS SHOWS

In drilling this well oil-bearing sandstone beds were
penetrated at 445-455, 498-543, 625635 feet, and 655~
710 feet; the deepest, the upper sandstone bed of the
Grandstand formation, was the most productive. A
-gasecus odor and slight cut in CCl, were obtained from
sandstones between 240 and 340 feet.

FORMATION TESTS

Tests described below were recorded by the petroleim
engineer Gordon Qosting. At a total depth of 528 feet,
the well was shut down for 6 hours; during that time
25 gallons of oil was bailed every 2 hours. The fluid
level was at 427 feet.. At 825 feet water was noted in
the hole, and continuous bailing for 8 hours did not
lower the fluid level from 583 feet. The well was first
pumped when it had reached a depth of 825 feet. To
shut off water, the bole was plugged back with cement
to 800 feet, and tubing, pump, and rods were installed
with the bottom of the tubing at 799 feet and the bottom
of the pump at 786 feet. Thirteen 1-foot by X-inch
slots were spirally placed from 787 to 790 feet in tubing
wrapped with 4 layers of wire screen. The pumping
test began 2 days later; fluid reached the surface in 12
minutes; 28.5 barrels of oil and 11 barrels of fresh water
were pumped in 13 hours. In the 12 hours following,
5.7 barrels of oil and 3.5 barrels of water were pumped,
using 19 strokes per minute. The temperature of the
oil and water at the well head was 32°F, and the salinity
of the water was 168 grains per gallon. Some gas came
from the well head during the test. When the tubing
was removed after the test, it was filled with mushy ice.

The only other test of the well was made after the
well was shut down for more than 6 weeks. A bailing
test to verify the water shut-off was made of the interval
between the bottom of the surface ‘casing at 37 feet
and the top of a plug at 783 feet. Before bailing began,
the top of the oil was at 277 feet, and the top of the
water in the hole was at 500 feet.. After 10 hours of
bailing, fluid from the bettom consisted of half water
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and half oil; an hour later, more water had drained into
the hole. After the following hour of bailing, the fluid
level was at 430 feet, and 14.5 barrels of water had been
recovered in the 12-hour period. In the next 12 hours,
15 barrels of water was bailed. After standing 1 hour
the top of the oil was at 295 feet, and the water level
was at 600 feet. Ten barrels of water was bailed in the
next 2 hours, after which the top of the oil was at 345
feet and the water at 680 feet. After standing 8 hours
the top of the oil was still at 345 feet, and the water
was at 660 feet. During a 12-hour bailing test, the
hole was bailed dry with the removal of 22 barrels of
water in 4% hours and kept dry by bailing 1% barrels
of water every 1% hours thereafter. In the 24-hour
period following, the hole was bailed about every 3
hours, and the entry of water declined from 2 barrels to
10 gallons per hour. The oil level, after 5 hours, was
at 474 feet, and the water level, at 760 feet. After a
standing perlod of 4 hours, 1}’ barrels of water was
bailed; after a 2-hour wait, 1% barrels was bailed.

After 6 hours the top of the oil-was at 445 feet, and the
water level was at 748 feet; 13 hours later the oil was at
445 feet, and the water, at 725 feet. (Gas continued to
flow from the well head occasionally. :

WATER ANALYSIS

The Nationa.l Bureau of Standards analyzed a sample
of water from the tank taken after the well had reached
its maximum depth and while it was being pumped.
The water contained the following radicals, in parts
per million: sodium, 2,450; calcium, 15; magnesium,
20; sulfate, 685; chloride, 1,400; bicarbonate, 3,350;
iodide, 2.6; and silica, 5.2; the total is 7,927.8.

LOGISTICS

Personnel -and housing.—A drilling foreman and a
petroleum engineer-geologist were the 2 supervisors at
the well site; the drilling crews consisted of a driller,
2 tool dressers, and 2 pumpers and gaugers. All other
workers were temporary and came from Umiat camp
when needed. They included a welder to dress the
drill bits, a mechanic, a bulldozer operator, and laborers.

The personnel was fed and housed at Umiat camp;
the buildings at the well consisted only of the enclosed
rig house, a boiler wanigan, a power wanigan, and a
tool shed. '

Vehicles and heavy equipment.—Three weasels were
keépt at the well site for transportation, and a D8
Caterpillar bulldozer and small crane (cherry picker)
were brought from Umiat camp when needed.

One each of the following major items of drilling

equipment was listed by the Arctlc Contractors as

having been’ used.
Bucyrus-Armstrong water-well drill rig, model 29-W, with
a 45 ft all-steel mast which had a 6-ft extension.
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Keystone cable-tool ng.

Buda 6-cylinder gasolme engine, model HP-298.

Lufkin T'C~3A, pumping unit, powered by a Buda gasoline
engine,

Kohler 4-kw light plant.

Barnes 7M water pump.

Water tank, capacity 250 gal.

0il tank, 100-bbl, bolted steel.

Qil tank, 64-bbl, bolted steel.

Oilmaster 2%-in. by 2-in. by 8-ft stationary-barrel top-
anchor pump, model A~528-8.

Fuel, water, and lubricant consumption.—In drilling
Umiat test well 6, 1,234 gallons of 72-octane gasoline,
42 pounds of lu_bmcatmg grease, 31 gallons of No. 9170
lubricating oil, and 29,350 gallons of water were used.
After the drill rig was winterized, & boiler was added
which used 1,197 gallons of diesel fuel.

DRILLING OPERATIONS

The Bucyrus-Armstrong cable-tool rig was mounted
on skids and towed to the well site by a D 8 Caterpillar
tractor. It was later removed for winterization, and a
Keystone cable-tool rig was used to plug the hole back.
When the Bucyrus-Armstrong rig was reinstalled after
winterization, it was mounted on a welded-steel sled.

' DPRILLING NOTES

Drilling operations described below were recorded by
the petroleum engineer Gordon Oosting.

Notes from drill records

. Remarks
Hole drilled and casing driven, about 3 ft at
a time. Small amounts of Aquagel used
to drill through gravel for first 31 ft. Casing
driven to 35 ft, 4 ft into shale below gravel.

Thawing formed a large cavity around pipe at

surface. Cavity was filled with gravel, and
a ring of 5 sacks of Cal-Seal was set around
pipe at ground level, above gravel. Cal-Seal
ring prevented surface material from falling
into hole; ring would also support casing by
collar should it tend to slip down hole.

Attempt to core with basket on tubing was un-

successful, 83 tubing was only lowered 6 in.;
no recovery.

. Ten sacks of Cal-Seal dumped at bottom of
hole with bailer, filling hole to 815 ft, but it
did not shut off water entering hole from
the formation. Six more sacks, raising plug
to 805 ft, were also ineffective, as were six
additional sacks, which brought plug to 800
ft. Tubing, pump, and rods installed, and
rig moved off of well site.

After pumping test a Keystone rig was moved
over hole. * Attempt to pull tubing from hole
failed; ¥emoving top joint of tubing and top
rod showed tubing to be full of mushy ice.
Hot brine in tubing and a steam liné{in hole
outside tubing necessary to thaw ice in

Depth (feet)
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Remarks e
tubing. It was necessary to saw 6 rods into
2 pieces in order to remove the rods and
tubing from the hole.

Bridge found at 564 ft, before hole was cleaned
out with 7-in. horn socket on 3%-in. tools.
Cal-Seal plug found at 810 ft. Well plugged
to 780 ft with 10 sacks of Hi-Early cement
mixed with 8 percent by weight of calcium
chloride. Water heated before being mixed
with cement. After standing cemented for
24 hrs, plug found at 783 ft. Bailer lowered
to 70 ft stuck, and cable pulled off of it.
Attempt to retrieve it with latch jack and
jars resulted in leaving ome prong of latch
jack in hole. Hole shut down 4 days waiting
for tools: next attempt to recover bailer was
successful.

Reaming from base of casing to 500 ft was
easy, but was difficult from 500 to 551 ft
(the maximum depth to which the Keystone
rig drilling line could go), owing to the pres-
ence of an apparently solid bridge. Oper-
ations suspended with 100 1lbs of salt and
2 bbls of water in hole and casing capped.

About 6 weeks later winterized Bucyrus-Arm-
strong rig brought to well site, and well
cleaned out to 783 ft. Elevation of rig floor
was 3 ft higher than that of previous rig;
all depths have been corrected to original
rig floor. Fluid level was at 133 ft, and
‘bridge was drilled from 479 to 510 ft.

After a bailing test for water, 800 gals of brine
(with 1.36 lbs of salt per gal of water) put
into hole, after which top of oil was at
247 ft. Cavings cleaned out to 769 ft, and
while going into hole with bit, drilling line
broke, leaving tools in hole. Top of fish was
at 347 ft and could not be recovered; well
shut down 3% days waiting for additional
fishing tools from Barrow. Fish slid down
hole to 758 ft during further fishing oper-
ations, and caving hole below 209 ft made
recovery impossible. Hole was filled with
mud made from 50 sacks of Aquagel to
protect oil-bearing sandstones, and Widco
electric log was made. Bridges to 700 ft
drilled out, and thermistor cables installed
before hole was abandoned. = The 8%-in:
casing topped with an open coupling
covered only with wooden block to which
thermistor cables are attached. Top of
coupling 20 inches above ground.

Depth (feet)

DRILL AND CORE BITS

One 5%-inch core bit in a No. 6 Baker cable-tool core
barrel cored 16 feet of rock, of which 5 feet 7 inches was
recovered. The cored rock was badly broken. Eight
drilling bits were used to reach the total depth of the
well, and a ninth was used for reaming. When bits
wore dull they were sharpened by hard-surface welding
at Umiat camp. An unsuccessful attempt was made to
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core with & basket on tubing; it probably failed because
there was no way ef eleaning out cuttings. -

DRILLING FLUID -

A smaI‘l‘ amount of Aquagel was used to help drill
through the surface:gravel. Below that, brine made of
35 pounds of rock salt to 53 gallons (1 bbl) of water
made the drilling fluid. One barrel of brine filled
3 bailers, and 1 bailerful was used with every 2-3 feet
of hole drilled, so a 100-pound sack of salt was used
with every 2-25 feet of hole drilled. Enough brine was
kept in the hole to cover the cable tools. A total of
3 ;000 pounds of salt was used in the well.

ELECTRIC LOGGING

A Widco electric log was made after drilling had been
abandoned, and the hole filled with Aquagel. Only
307 feet was logged (from 35 to 342 ft) because the
sonde would go no deeper; it was probably blocked by
cavings. It had been impossible to make an electric
leg before, because of the salt water put into the hole.

TEMPERATURE MEASUREMENT STUDIES
By Max C. BREwEr

~Two thermistor cables, the longest reaching to 700
feet, were installed in Umiat test well 6 on December
11, 1950. Two months later two short thermistor
cables were installed in the upper air-filled (46 ft)
_ part of the hole (now sealed at 7.2 ft) to give more
detailed near-surface temperature measurements.

The thermal profile at Umiat test well 6 is character-
ized by two different gradients within the permafrost
zone. The slope of the profile between 100 and 225

feet in depth is approximately 93 feet per degree

centigrade, and the slope between 250 and 700 feet is
approximately 117 feet per degree centigrade.

A short extrapolation of the thermal profile obtained
at this site indicates that the bottom of permafrost is
at a depth of approximately 770 feet. This is believed
to be very close to the true depth of permafrost in this
part of the Colville River valley as the temperatures at
the greater depths should be very close to their normal
equilibrium temperatures. It is probable that the
depth of permafrost at this site has been affected by
the nearness and consequent warming effect of the
Colville River. Data from installations farther from
the river lend considerable support for such a hypothesis
and indicate that 'approxmately 900 feet is & more
normal depth of permafrost in thls area when the
effect-of the river is removed.

The cooling curves (time vs. temperature at a gwen
depth) for thls cable-tool hole have very,little in
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common with the cooling curves obtained at any of
the rotary drill holes that penetrated to or through
the bottom of permafrost. The temperatures at all
depths within this hole have returned to within a few
tenths of a degree centigrade of equilibrium tempers-
tures within 3 weeks after abandonment of the hole
and the installation of the first thermistor cables.
This is in contrast to the several months required for
temperatures in rotary-drilled holes of similar depth
to return to within the same few tenths of a degree
centigrade of equilibrium. These observed differences
in the time of cooling in cable-tool and rotary-drilled
holes is explained by the circulation of ‘“warm’’ drilling
fluid in rotary holes, whereas there is no similar degree
of circulation of warm fluid in the cable-tool holes.
The circulating warm fluid can, and does, lose a much
greater amount of heat to the area surrounding the
rotary holes than does the near stationary fluid in the
cable-tool holes.

The trends in the cooling curves at depths of 500-700
feet were smooth until May 12, 1951, when the tem-
peratures observed at 575, 650, 675, and 700 feet
indicated a very marked departure from previous
trends. On May 24 the temperatures at the same
depths had returped almost to normal while the tem-
perature af 600 feet showed an abnormal decrease. On
June 7 the temperatures at all depths were continuing
their previously established trends.

The above depths outline two sand units that are
present at both Umiat test well 6 and Umiat test well
5, where considerable fluid was being added the last
week in April 1951. As test well 5 is close to test well
6 and the sands dip from 5 toward 6, preliminary
interpretation makes it seem reasonable that the fluid
that was added to Umiat test well 5 caused some dis-
placement of fluid near, and in, Umiat test well 6.
From the results to date it seems that the displacement
was upward at 575 and 650 feet and downward at 600,
675, and 700 feet in Umiat test well 6. Although the
temperature variations were on the order of 0.10°C,
it is not believed possible for heat conduction alone to
be active over this vertical distance in so short a time
without leaving any lingering évidence. Other tem-
perature fluctuations were noted between depths of
600 and 650 feet from July through October 1951. It
is thought that these fluctuations can also be traced to
activity at Umiat test well 5.

Should the above interpretation be correct, it would
indicate that at least two unfrozen units having tem-
peratures ' below 0°C lie well within the so-called
permafrost zone at Umiat test well 6,
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UMIAT TEST WELL 7

Location: Lat 69°22'33'" W., long 152°06'17"" W.
Elevation: Ground, 326 feet; derrick floor, 330 feet.
Spudded: December 14, 1950.

Completed: April 12, 1951; dry and abandoned.
Total depth: 1,384 feet.

Umiat test well 7, about 1,300 feet southwest of
Umiat test well 6, is the southernmost well on the
Umiat anticline and is low enough structurally to have
water in those sandstone beds of the Grandstand for-
mation which contain oil where structurally higher.
It was spudded in alluvium of -the Colville River, and
the drill penetrated the Seabee formation of Late
Cretacecus age at about 50 feet. The top of the
Ninuluk formation is at 390 feet; and the lower part
of the sandstone contained a slight show of oil. - The
base of the formation is at 515 feet. Below the Killik
tongue of the Chandler formation, present between 515
and 795 feet, the Grandstand formation was drilled
to the bottom of the hole, but neither the upper nor
the lower sandstone beds contained any oil. After
attempting to shut the water off, an unsuccessful fishing
operation (necessitated in part by tools catching in an
ice and gravel bridge) resulted in the abandonment of
the hole. The purpose of the test had been attained,
however, as it determined the southern extent of the
producing area of the field.

DESCRIPTION OF CORES AND CUTTINGS
Lithologic description
[Where no cores are listed, description is based on cutting samples]

Depth (feet) Remarks

04
4-35

Derrick floor to ground.

Pebbles, rounded, %- to %-in. in diameter;
composed of black chert, pale-yellowish-
brown sandstone, and medium-gray
quartzite of very fine- and fine-grained
chert and clear quartz sand.

No sample. This unit described by the
drillers as “river gravel.”

No sample. This unit described as
‘“gravel and sandstone.”

No sample.
“silty shale.” Top of Seabee forma-
tion is placed at 50 ft.

Siltstone, medium-gray, nonecaleareous;
and dark-gray silty slightly micaceous
fissile clay shale.

Clay shale, medium-dark-gray, slightly
to very silty, micaceous, noncalcareous.

Sandstone, medium-gray, very fine-
grained, silty, friable; composed of
angular grains of clear and white quartz
and dark rock fragments with abundant
pyrite.

Clal3lr shale, medium-dark-gray, slightly
silty.

Siltstone, medium-gray, very argillaceous,
noncalcareous.

Sandstone, very fine-grained, with com-
mon muscovite and abundant pyrite.

Clay shale, slightly to very silty.

35-39
39-52
52-65

65-70

70-90
90-95

95-100
100-105
105-110
110-115
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Lithologic description—Continued

Depth (feet)

Remarks .

This unit described as |

115-145

145-155
155-160
160-165

165~-170
170-175

175-180

180-185

185~190
190-250

250-255

255-260
260-270
270-275

275-280
280-315

315-320
-320-325
325-330
330-340

340-345
345-355
~ 355-360
360-365
'365-370

370-375
'375-380
380-385
385-390

Sandstone, medium-gray, very' fine-
grained, slightly silty, very calcareous
hard; composed of subangular clear and
white quartz with some dark rock frag-
ments. . Grades through slightly cal-
careous, very silty sandstone to non-
calcareous siltstone at base. o

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

Sandstone, medium-gray, very fine-
grained, silty, friable, ‘with abundant

pyrite.

Clay shale, with some sandstone.

Clay shale with siltstone.

Sandstone, medium-light-gray, very fine-
grained, silty, argillaceous; slightly cal-
careous in part; composed of clear and
white quartz with dark rock fragments
and rare pyrite.

Clay shale, very silty; and medium-gray
very.  argillaceous - noncalcareous silt-
stone.

Siltstone, medium-gray, slightly sandy,
very argillaceous, noncalcareous.

Siltstone, with small amount clay shale.

Siltstone, slightly to very argillaceous;
calcareous at 205 ft. Pyrite common
at base; very small amount of clay
shale and rare sandstone at 205 ft.

Sandstone, medium-light-gray, very fine-
grained, argillaceous, silty, micaceous,
noncalcareous; composed of subangular
clear and white quartz, gray and dark
rock fragments.

Siltstone, with very fine-grained sand-
stone and shale.

Sandstone, with some elay shale in lower

part.

Clay shale with some siltstone and rare
sandstone.

Sandstone, with rare clay shale.

Sandstone, with some:ghale and siltstone.
Greenish-white and.  bluish-white ben-

. tonite with minute secattered biotite

_ flakes rare at 295 and 310 ft.

Siltstone, medium-gray, very argillaceous,
with small amount of elay shale and

‘ rare bentonite.

Siltstone and clay shale.

Siltstone, with very small amount of
shale and rare bentonite.

Clay shale, slightly to very silty, with
very small amount of siltstone in lower
part and rare bentonite and clay iron-
stone.

Siltstone, slightly to very argillaceous;
calcareous in part.

Clay shale, slightly to very silty, with
rare siltstone.

Clay shale with yellowish-brown nonecal-
careous clay ironstone.

Clay shale with small amount of light-
blue-gray bentonite.

Clay ironstone, brownish-gray, noncal-
careous, with conchoidal fracture; small
amount of clay shale present. .

Clay shale with small amount of clay
ironstone.

Clay shale with siltstone and very small
amount of bluish-white bentonite.

Siltstone, medium-gray, sandy, slightly
argillaceous, noncalcareous.

Clay shale, medium-dark-gray, with small
amount of siltstone and rare sandstone.
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Lithologic description—Continued

Lithologic description—Continued

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

..... 390-400 | Sandstone, medium-light-gray, fine- to dark rock fragments. Black carbona~
very fine-grained, -slightly micaceous, ceous shale rare at 665 ft, and medium-
nonealeareous, friable; composed of sub- dark-gray clay shale at 675 ft.
angular clear and white quartz with | _.__. 695720 | Clay shale, - medium-dark-gray, slightly

» dark rock fragments, and rare pyrite. ) to very silty, noncalcareous.
Top of Ninuluk formation at 390 ft. | .._._ " 720-725 | Clay shale, with small amount of silt-

..... 400-405 | Sandstone, fine- to very fine-grained, stone. : . :
slightly silty, nonealcareous, with silt- | _.__.. 725-730 | Sandstone, medium-light-gray, fine- to
stone and shale. very fine-grained, silty, argillaceous,

..... 405-415 | Clay shale; slightly to very silty in part; slightly calcareous, with carbonaeeous
rare black carbonaceous shale with partings.
coaly partings. - -} _____ 730-755 | Clay shale, medium-dark-gray, noncal-

_____ 415-435 | Sandstone, medium-light-gray, fine- to careous; some is dark gray and fissile
very fine-grained, slightly argillaceous, at base of unit.
slightly micaceous, nonealcareous, fri- [ ..___ 755-760 | Sandstone, with small amount of medium-
able; composed of subangular clear and dark-gray clay shale and dark-gray
white quartz and gray and dark rock fissile clay shale with carbonaceous
fragments, with rare pyrite. partings.

..... 435-440 | No sample. c——— 760-775 | Sandstone, light-olive-gray, very fine-

_____ 440445 | Siltstone, medium-light-gray, with com- grained, ‘silty, argillaceous, noncal-

. mon carbonaceous and micaceous part- careous, with rare clay shale,

ings: sandstone and clay shale rare. | __.__ 775-780 | Clay shale, with some siltstone.

_____ 445-490 | Sandstone, medium-light-gray, very fine- | ___.. 780-790 | Clay shale, slightly to very silty.
rained, slightly silty, noncalcareous, | _.__. 790-795 | Sandstone, medium-~gray, very fine-
riable; clay ironstone rare. grained, very silty; and medium-light-

..... 490-515 {Clay shale, medium-dark-gray, slightly to gray sandy argillaceous siltstone.
very silty, noncalcareous, withrare clay | _.___ 795-820 | Clay shale, medium-dark-gray, with rare
ironstone at base. Clay ironstone con- siltstone at 815 ft. Top of Grandstand
tains structureless oolite-shaped pellets formation at 795 ft.
of calcite, similar to those at 350 ft in | _____ 820-825 { Sandstone, light-olive-gray, fine-grained,
Umiat test well 6. very silty and argillaceous, with small

..... 515-545 | Clay shale, with small amount of siltstone amount of clay shale, part of which is
and very small amount of black shiny black, earbonaceous.

- to dull coal with shaly to blocky frac- | _____ 825-830 | Sandstone and clay shale with rare light-
ture at base. ‘Top of Killik tongue of bluish-gray bentonite.
Chandler formation at 515ft. =~ | ____. 830-834 | Sandstone as above.

..... 545-550 | Sandstone, medium-light-gray, fine- 1 834-838 | Recovered 4 ft: Microfossils absent.
grained, silty, argillacecus, calcareous; Sandstone, medium-light-gray, very
composed of subangular clear and fine-grained, silty, argillaceous, seri-
white quartz, gray chert, dark rock citic, noncalcareous, massive; com-
fragments, and pyrite. posed of subangular grains of clear

..... 550-555 | Clay shale, slightly silty. and white quarts, with gray chert,

..... 555-560 | Clay shale and sandstone, very fine- dark rock fragments and rare car-
grained, silty, -argillaceous, slightly to bonaceous particles.
moderately caleareous. | _____ 838-845 | Sandstone with some clay shale and rare

..... 560-570 | Sandstone, medium-light-gray, very fine- light-yellowish-gray - argillaceous dense
grained, silty, argillaceous, slightly limestone.
caleareous. L ____. 845-862 | Sandstone as above.

..... 570-575 | Clay shale, slightly silty in part. 2 862—-867 | Recovered 4 ft: Microfossils absent.

..... 575-580 | Clay shale, slightly to very silty, with Sandstone as in core 1.
small amount: of medium-light-gray | ___.__ 867-870 | No sample.
fine-grained sandstone. A S 870-879 | Clay shale with rare bentonite.

..... 580-585 | Clay shale. 3 879-880 | Recovered 1 ft: Microfossils absent.

..... 585-595 | Clay shale with very small amount of Sandstone as in core 1; thin-bedded.
very argillaceous siltstone. = | L____ 880-890 | Clay shale, slightly to very silty, with

_____ 595-600 | Siltstone, medium-gray, very argillaceous, rare bentonite.
noncaleareous. | ... 890-895 { Clay shale with sandstone and rare ben-

_____ 600-605 | Clay shale, medium-dark-gray, fissile. tonite.

..... 605-610 | Sandstone, medium-light-gray, fine-; ___.. 895-910 | Siltstone, medium-gray, sandy, argilla-
grained, slightly silty, very slightly - ceous: slightly calcareous in part; some
caleareous, friable. clay shale and very small amount of

..... 610-635 | Clay shale, slightly to very silty. bentonite. -

- 635~640 | Siltstone, medium-gray, very argillaceous, | ... 910-915 | Clay shale, medium-dark-gray.
noncaleareous. | .o..C 915-930 | Sandstone, medium-light-gray, fine- to

..... 640-645 | Clay shale, very silty. medium-grained at top; grades to fine-

..... 645—650 | Siltstone and clay shale. to very fine-grainéd at base; slightly

..... 650-660 | Clay shale, with very small amount of gilty and argillaceous; composed of
clay ironstone in upper part and very clear and white quartz and gray and
small amount of siltstone and rare dark rock fragments and small amount
coal in lower part. of brownish quartz. Clay shale in-

..... 660-695 | Sandstone, medium-light-gray, fine- creases from rare at top to half of the
grained; grades to fine to very fine ~ rock at base,

rained at 670° ft; noncalcareous; | -__.. 930-935 | Clay shale,
riable; composed of subangular clear { _____ 935-945 | Clay shale with some siltstone and rare

and white quartz with some gray and

sandstone at base.
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- Liithologic description—Continued

Depth (feet)

Remarks

.....

945-950
950-995

995-1, 025,

1, 025-1, 057

1, 057-1, 060

1, 060-1, 070
1, 070-1, 120

1, 120-1, 125

1, 125~1, 160

1, 160~1, 165

1,165~1, 170

1,170-1,175
1, 176~1, 180
1, 180-1, 195

1, 195-1, 200
1, 2001, 211

1, 211-1, 215

1, 215-1, 295
1, 295-1, 300
1, 300-1, 310

1,310-1,315

1, 315-1, 325
1, 325-1, 327

1, 327-1, 349
1, 349-1, 352

1, 352-1, 370
1,370-1, 372

Sandstone, with rare clay shale,

Clay shale, slightly to very silty, with
rare siltstone in upper third.

Siltstone, argillaceous, very slightly cal-
careous, with rare clay shale at top
grading to silty clay shale with small
amount of argiliaceous siltstone at base.

Clay shale; medium-dark-gray, very silty;
makes up a tenth to four-fifths of every
sample; and medium-gray very argil-
laceous siltstone. Each averages about
half of the rock.

Recovered 1 ft: Microfossils rare.

Clay shale, medium-dark-gray, very
silty, sandy, micaceous, noncalcar-
eous, with scattered particles of coal.

Clay shale with some siltstone.

Clay shale, with very small amount of
sandstone; siltstone and bluish-white
bentonite in upper part.

Siltstone, with small amount of clay shale
and very small amount of bluish-white
bentonite.

Clay shale, slightly to very silty, with
small amount of argillaceous siltstone
at-1,135 and 1,160 ft and microscopic
light-brown shiny clay ball at 1,160 ft,

Siltstone, with small amount of clay shale.

Sandstone, medium-light-gray, very fine-
grained, silty and argillaceous, slightly
calcareous, with some siltstone and
silty clay shale.

Clay shale, very silty, with some very
argillaceous siltstone.

" Clay shale, with small amount of sand-

stone.

Clay shale with small amount of siltstone
in upper part and small amount of
sandstone at base.

Clay shale, dark-gray, carbonaceous.

Sandstone, medium-light-gray, fine-
grained,. slightly silty, noncalcareous;
composed of subangular clear an
white quartz with gray and dark rock

fragments.

Recovered 2 ft: Microfossils absent.

Sandstone, medium-light-gray, fine-
grained, silty, argillaceous, noncal-
careous, with rare carbonaceous part-
ings; composed of subangular clear
and white quartz with some dark
rock fragments,

Sandstone as above.

Clay shale, with small amount of siltstone.

Biltstone, medium-gray, very argillaceous,
nonealeareous, with some medium-dark-
gray clay shale.

Sandstone, medium-light-gray, very fine-
grained, noncalcareous, friable, pyritic.

No sample. )

Recovered 4 in.: Not sampled for micro-

fossils.

Sandstone, medium-light-gray, very
fine-grained, very argillaceous and
gilty ; composition as in core § above.

Sandstone as above.
Recovered 2 ft 6 in.:
mierofossils.

Sandstone, medium-light-gray, fine- to
fv;ary fine-grained, argillaceous, mas-
sive.

Sandstone as above.
Recovered 1 ft 8 in.: Not sampled for

Sandstone as above, fine-grained.

Not sampled for

Sandstone as above.

1,372-1, 384
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CORE ANALYSES

Analyses given in the table below were made with the
equipment described on page 127.

Analyses of core samples from Umiat test well 7

Depth (feet; Effective poros- | Air permeahiiit
pib (foet) ity (pe!‘(g(l)lt) (millidarcys) v
838 i 13. 8 <1
1,215 e 9.7 0
1,327 e 10. 4 <1
1,349 e «11. 2 19. 2
1,372 o 10. 1 0

OIL AND GAS
OIL AND GAS SHOWS

Several shows of oil and gas were noted in this well,
but none were of commercial value. The same sand-
stone beds that are oil bearing higher on the Umiat
anticline are water bearing at Umiat test well 7. When
the total depth was 1,384 feet and the hole was being
bailed from 275 to 750 feet, gas was noted in the bailer
at 260 feet; there was enough in the bailer to burn for
a minute.  There were also slight shows of oil at 949-
955, 1,000-1,008, and 1,072-1,089 feet, with an odor
of oil at 1,165 to 1,168 feet, and oil shows in the sand-
stone reached at 1,200 feet. Below 825 feet, however,
a large amount of water entered the hole, with no oil
except for a very small amount in the first bailing test

at 833 feet.
FORMATION TESTS

The many bailing tests made in this hole were for
measuring and removing water in the hole. They are
discussed in detail in connection with drilling opera-
tions. Only three tests recovered oil: a very little oil
in a 20-minute bailing test at 530 feet, 20 gallons
recovered at 650 feet, and 70 gallons of oil and water
entered the hole in 13 hours at 833 feet.

LOGISTICS

Personnel and housing.—Supervisors of the personnel
consisted of a drilling foreman and a geologist. The
drilling crews were composed of 2 drillers, 2 tool dressers,
and 2 firemen. Other workers, such as a welder to
dress the drill bits, a mechanic, a bulldozer operator,
cementer, and laborers, were supplied by Umiat camp
when they were needed. The drilling personnel was
housed and fed at Umiat camp. At the well site,
wanigans were used to house the cement pump, boiler,
and water tank.

Vehicles and heavy equipment.—Vehicles such as
Caterpillar tractors, LVT’s (landing vehitle, tracked),
cranes, weasels, and trucks were brought from Umiat
camp as they were needed. One each of the following
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major items of drilling equipment was listed by the .
Arctic Contractors as having been used. '

Bucyrus-Erie cable-tool rig, model 20-W.

Caterpillar diesel engine (power supply for rig).

Generator, 15 kw. ]

Caterpillar D3400 diesel engine (power supply for generator).

Heat-Pak boiler, model 624-S. . j

Westco boiler feed pump (with Heat-Pak boiler).

Garduner-Denver, 5%- by 10-inch pump, for cementing.

Caterpillar D8800 diesel engine (power supply for Gardner-
Denver pump).

Fuel, water, and lubricant consumption.—Figures |

given here combine estimated consumption of material
for the first 4 weeks with recorded consumption for the |
time thereafter.
gallons; gasoline, 3,559 gallons; and water, 146,000
gallons.
No. 9170 lubricating oil were also consumed,

DRILLING OPERATIONS

The Bucyrus-Erie eable-tool drilling rig was mounted
onasled and pulled to the well site by a D8 Caterpillar |
tractor. The sled was then mounted on 12- by 12-inch
timbers resting on a layer of gravel. While drilling the
hole many bailing tests and measurements of fluid level
were made to test fluid entry into the hole and to lower

the water level.
DRILLING NOTES

Information presented in this section was recorded |

by John C. Bollenbacher, of Arctic Contractors.
Notes from drill records

Depth (feet) Remarks
895 e — Hole drilled to 15 ft; set conductor pipe made |
. of oil drums to prevent caving of surface
gravel, At 16 ft 1 joint of 11%-in. 47-1b
casing with drive shoe on bottom was put in
hole. Hole drilled to 39.5 ft with 10%-in. bit;
casing driven down to that depth. ‘

52 . Casing driven to 52 ft and cemented around
shoe with 10 sacks and around top with 2
sacks of Cal-Seal. :

67 - Ten-inch gate valve and swage nipple installed
on top of casing, :

1836 o _ Three hours spent repairing engine.

440__ . _._ ... Fluid bailed out of hole, and none entered in
3 hr.

453 . .. Steam lines thawed and repaired in 6 hr,

485 o Seven sacks of salt used to make brine for drill-
ing below 485 ft; above that depth drilling
was done with fresh water.

530 ... Bailed 20 min; found very little oil.

650 __________ Bailed fluid down and recovered 20 gal of oil;
after standing 2 hr, bailed 8 gal of water.

780 e No water recovered in 3-hr bailing test.

827 e In 5 bailing tests for water, 70 gal recovered

after 1 hr; 55 gal, after 14 hr; 40 gal, after
1 hr; 40 gal in another hour; and 30 gal after
' 1%hr ‘ ‘

Diesel fuel consumed was 15,054 |

Ninety pounds of grease and 184 gallons of | |
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Notes from drill records—Continued

Depth (feet)

- Oil level at 411 ft; water level at 449 ft.

Remarks

Bailed hole dry after finding fluid level at 768
ft. In 1% hr, 70 gal of oil and water entered
hole and was bailed out. Bailing and check-
ing fluid levels for 10 hr showed a 30-ft rise
in 2 hr.

Fluid level at 765 ft lowered by bailing 392 gal
of water, but 8% hr later level was up to 768
ft, and 170 more gal of water were bailed.
Although hole was bailed dry, an hour later
40 gal of water were bailed out.

Cluteh shaft and gear sent to Barrow for re-
pairs, and shut rig down 3 days waiting for
it. Fluid level then at 508 ft, and bailed out
1,260 gal of water. Twenty feet of cavings
cleaned out before resumption of drilling.

Fluid rose 25 ft in 1% hr; bailed out 50 gal of
water, '

In attempt to shut off the water, wooden plug
driven to top of rathole at 827 ft, with 10
sacks of cement on top. Fluid level at 592
ft, after the hole stood cemented 12 hr, and
after bailing 72 gal of oil and 1,224 gal of water,
hole was dry. Oil temperature 30°F; and
water 32°F. Two hours later, fluid level at
742 ft, and bailed 190 gal of water, showing
plug to be unsuceessful. Only 2 ft of hard
cement found in hole, and while setting
second plug, dump stick lost in hole. Seven
sacks of cement put in and allowed to set
before dump stick was drilled up. Another
wooden plug then placed at 827 f6. Twelve
sacks of construction cement with 4 percent
by weight of calcium chloride put-in hole,
but it went beyond the plug on down the
hole. Plug and cement drilled out of hole
to 867 ft.

Water with temperature of 30°F stood at 557 ft.

Drilling line changed, as one in use badly worn
after drilling 242 ft of hole. Water level at
this depth was 564 ft.

Water level, at 525 ft, was high enough to
slow down drilling somewhat; drilling made
even slower by bentonitic beds which made
thick mud in hole.

Water level at 551 ft.
Water level at 554 ft.
Water level at 534 ft.
Water level at 494 ft.

Water level high (492 ft), partly because less
bailing of heavy mud was necessary. Water
brackish, '

Water level at 525 ft.

Water level at 502 ft.

Oil level at 494 ft; water level at 514 ft.

Fluid

from top of column had a temperature of

30.5°F, while that from the bottom of the
hole was 40°F.
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. . Nofes from drdl records—Continued

. Depth et

. 840:ft, leaving 100 ft of line and tools in |
;hole, ;

. Remarks

Ice reamed from caging shoe to 838 ft Drill-
.. ing line broke, leaving: 500 ft of line and
"~ tools in hole, but fish recovered. Thick
‘Heavy ‘mud bailed from 350 to 700 ft.

Drill-
ing line broke again while reaming’ hole at

Afﬁer .unsuccessful . fishing.. attempt,
shut down well for 40 hr waiting for drive-
down socket from base camp at Barrow.
After: shutdown, ice -found at 350 ft and
drilled from there to 798 ft. Fish recovered,

“and - hole cleaned out to 840 ft, thh heavy

mud and ice being removed.

. New: drilling line put on, and hole reamed with

:10-in, bits to 325 ft.

‘660 “ft, ‘and drilling " line  broke.

1ce reamed from 100
to 225 ft, and hole reamed on down, straight-
ening key seat at 430470 ft. Blt stuck at
‘Fish' re-

. covered but while reaming at 890 ft, line

- broke -a.gain,f dropping tools down. hole.

Tools lost. and recovered twice more, at 960
ft and 990 ft; ‘mew drilling line installed at
990 ft. Two makes of line were spliced

" together, but splice failed three times; leav-

.. ing-tools in hole the third time.

After they
were recovered, line broke and was. replaced
by still another line, which: broke at 1,080
ft, and tools again fished from hole.

While reaming at 1,005 ft, thick mud bailed

Steamed out

from hole, after which ice had to be reamed
from 100 to 150 ft. At 1,099 ft tools stuck
and splice parted; line in hole was damaged
in remoying fish. While cleaning hole,
bailer stuck at 100 ft and sand lne parted,
but recovered bailer. After waiting 12 hr

for . it, installed 8 new drilling - line, and

reamed hole to a IO-m dismeter to 1,200 ft,
and cleaned with 6-in. bit-to 1,235 ft.

ice around .113%-in. casing;
removed' gate valve, and after waiting a day

-for_a cementer, set 61 joints of 65f-in,, 24-1b

easing - at 1,196 ft, with Baker Cement
Washdown Whlrler float shoe on bottom.
Made brine with 13°F freezmg point ‘with

5,000 1b of salt in 90 bbl of water; 50 bbl

of brine used to' displace mud in hol'e. Some
diffieulty was : experienced in making the
brine, because the pumps froze in a cold
wind, the first day it was attempted. A

" “hupdred :isscks of portland ¢emrént; mixed

_ with water treated with 2)4 percent of cal-
;cium ‘chieride, put in hole, followed by Te-
“'maining 40 bbl ‘of brine,

- Installed 4in. gate valve and bailed brme down

-to -top. of. cement. -
,,plus,

Casing - dry, but. when
dsilled from top at.1;195-1,197 f,
Me 10 1,001 ft in 2 br and continued
Qduring bailihg’at 8 Fate ag high

ni%’ ‘pet h¥.  Fluid rése'ts:812 ft'in 6

'hr M Y510k o84 hir, owrith easthg baited
, Salinity. of water 8,300, ppm
cmdeh about thesame a8 that of
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Notes' jrom ‘drill records—Continued -

Remarks -
water sampled when hole was 867 ft deep

'Pumped 4 bbi of oil into annulus between-63-
in. casing and surface pipe, but none re-
turned. . Meanwhile, water level rose to 390
ft. Attempted to break circulation of water
with 1,000 psi of pressure, but only result
wag- destruction. of plug, leaving hole open
below shoe.

After reaming ice from 400 to 800 ft, hole was
filled with half a barrel of gravel to 1,205 ft,
with' 2 sacks of Cal-Seal on top capping

- bridge at 1,202 ft. Water and sand bailed
out, but after standing over night, water
level rose to 327 ft. Water bailed for 15 hr,
-and’ another unsuccessful attempt made to
stop circulation with pressure of 1,000 psi.

Water containing 4% perdent of ecalcium
chloride by weight was mixed with portland
eément aiid put in hole.: Only about half a

barrel. of ‘fluid (equivalent to 2 sacks of
cement) was forced down, with a pressure of

: 1,000 psi. - After cement set, hole was bailed
dry, and remained so for 10 hr. However,
‘whén: eement bridge at 1,207-1,210 ft was
drilled, tools dropped through to 1,213 ft,

.- and water entered hole immediately; bailing
300 gal in 45 min did not lower water level.
After 2)4 hr water rose to 991 ft, and to 932
ft 1 hr later. Estimated rate of water

“entry 125 gal per hr, and its salinity was

4,125 ppm of sodium chloride.

Water continued to enter hole for 2 days at a
rate that gradually declined to 90 gal per
hr. Ice reamed from 350 ft of casing, and
gravel ‘bridge from 1,215 to 1,235 ft drilled
out. . Water rose to 400 ft in 21 hr after
hole was bailed dry.

Tools stuck .in ice at 400 ft and were thawed

e loose with: warm brine.

1,258_.-‘__‘._;_ --= Rate of water entry mto well increased notlce-

T ably below 1,250 ft.:

1277_-3_“____ Ice forming in casing: made it necessary to
drill. only short intervals; two bits were
battered before ice.was reamed down to
140 ft. - Water level rose to 283 ft, and when

-‘bailed down to 500:ft, 129 gal entered hole
first-hour, and 100 gal the second.

With water bailed down to 500 ft again, water
entered at rate of 143 gal per hr for 1)4 hr.

Water level rése from’' 400 to 280 ft ia 2 hr.

Water level rose from 500 t0 418 £t in 3 hn, and

. 10 300 ft in 5% hr more,

' Fluid level at 310 ft.

. Fluid level ‘at 285 ft. After bailing to' 500 ft
fluid rose to 420 ft in 2 hr and to-355ft in
4 hr more, reaching 271 ft the:mext-day:
.After running an electric log, 300,it.{o£3ige
was reamed from casing.

Sidewall packer on tubing was run to 1 318 ft
with 66-ft of tailpipe, includmg 15 ft-of per-
forated tubing oni bottom. Annulus be:
" tween 6¥-in.’ casing ‘and tubing ﬁlléd“ thh
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Notes from- dréll records—Continued -

Depth (feet) Remarks
brine. ha.vmg a freeging point of 18°F, and
fiuid rose in tubing.: . After swabbing 1 hr,

. recovered fluid with 7,344 grains sodium

. . chloride per gal. Paeker did not hold, so

- pulled: tubing out of hole. It was rerun
with sidewall packer at. 1,325 ft, and 59 ft
of: tailpipe,
tubing, on bottom. When annulus between
caging and tubing was filled with brine, fluid
rose to same level inside tubing and tubing
was again pulled out.

Flmd bailed from 275 te 750 ft, and bailing
22 hr-more brought level to 1,030 ft, but
‘eould mot be lowered farther. Salinity
‘dropped to 232 graing of sodium chloride
per gallon.

.~ Fubing :was rerun to 1,380 ft. With fluid

25 level.at 485 ft, very viscous mud (240 gal

- of water with 225 1b of Aquagel) was pumped
ta bottom: of hole; fluid level rose to 88 ft.
Pulling tubing up to 1,200 ft and swabbing
removed excess mud and lowered fluid level
to about 1,203 ft. Cement was mixed with
37.5 gal of water at 100°F that contained 4
percent: of calcium chleride, mixture placed
at 1,203 ft, and tubing pulled out. Fluid
level then at. 256 ft. -After 27 hr, bailer
wag- lowered, but -cement was not en-
countered; bailer stopped at 1,348 ft.

Hole was being filled with gravel to 1,200 ff,
when tools caught in an ice and gravel
bridge at 340 .ft and ecould not be pulled
free in spite of hot brine poured into hole.

- . Drilling line cut and tep of bridge and fish

. . steamed. through tubing for 22 hr; but fish,

. -altheugh iee-free at top, was covered with
gravel and could not be pulled out. After
7 hr-more of steaming and 5 hr of circulating
with - viscous mud, hele was bailed to top

" . -of fish, iled with brine having a 1°F freezing
point, and abandoned. - Ice was steamed from
"sled runnpers under rig, and rig moved away
from hole. A 6%-in.;eoupling put on top
of casing, -and 6%-:by 18-in. nipple on
eoupling. - A 1- by 6in. nipple was welded
.in & plate on larger nipple, and capped with
1-in. gate valve. Wheole assembly extends
30 in. above ground.

DRILL AND CORE BYIFS

"Of the: drill bits used in Umiat test well 7, 13 were
used in reaming the hole, either to enlarge it to drill
cement or -to remove ice from the sides. Bits 7-333
were: California type, exeept for nos. 14 and 15, which
webe reamers.: The first' 6 were not listed by type.
When' worn the bits were redressed at Umiat camp.

2 A diserepancy is present in the récord; bit 27 is listed as a 6-in. bit used to clean
out_this hole From 1,300-,268 fo4NA to drill cement fron 1,207-1,210 ft. The next
reference to;the/bit, hawever, deperibes it 83 9 53%-in.. b, with which the hole was

eleansdsmt and deepened t0 1,241 {t, ' Below 1,241 ft, bifs sre numbered consecutively
until the hole was abandoned. Tt has been assumed that no. 27 was a 5§54, bit.

including - 15 ft of perforated -

EXPLORATION OF NAVAL P‘E'I!ROLEUM RESERVE NO:. 4, ALASKA, 1944-53

At some depths one bit was used for short alternate
intervals of drilling and reaming; to avoid confusion
on‘'the graphic log (pl. 12), these bits are shown as
having drilled only. Bits 8, 20, and 29 are omitted
from the log because they were used only to clean out
the hole. ...

The cores were made with a Baker cable-tool core
barrel, using two 5%-in. core bits; 65 percent of the
rock cored was recovered,.

DRILLING FLUID .

Above 485 feet the hole contained a small amount
of fresh water. - From 485 to 825 feet enough brine
was kept in the hole to cover the tools; at that depth
water entered the hole from the formation in quantities
large enough to keep fluid in the hole to within a few
hundred feet of the top. The water was probably
brackish, although determinations were not very de-
pendable because of the brine put into the hole.

ELECTRIC LOQGGING

Two Widco electric-log runs werg made in the well,
the first between 370 and 1,235 feet and the second
between the bottom of the casing, at 1,196 feet, and
1,378 feet.  The top of the first run was no hlgher
than 370 feet because. that was the top of the fluid in

the hole.
UMIAT TEST WELL 8

Loeation: Lat 69°23"59'' 'N., long 152°06'56"/ W.

Flevation: Ground level, 735 feet; derrick floor, 740 feet.

Spudded: May 2, 1951.

Completed: August 28, 1951, Pumped 60 to 100 barrels of
oil per day; gas estimated more than ‘6 million cubic feet per
day; shut-in pressure 275 pounds per square inch. Shut in.

Total depth: 1,327 feet.

Umiat test well 8 was drilled ;to determine the
quantity and quality of oil and gas-in the sandstone
of the Grandstand formation near the crest of the
anticline and to learn more about’ the structure of the
anticline. The well was drllled with cable tools on a
hill about 400 feet above the Colville River flats and
a little more than a mﬂe northwest of Umiat test
well 2.

DESCRIPTION OF CORES AND CUTTINGB

The well was spudded in Quaternary alluvium, be-
neath which a 40-foot thickness of Seabee(?) formation
(20 to 60 feet) was found. = Below this are a 90-foot bed
of sandstone and about 20 feet of shale which are con-
sldered to be part of the Ninuluk formation (60-170
ft); the sandstone is composed of subangular clear and
white quartz, gray chert, dark rock fragments, and a
few yellow .quartz grains typieal of the Nanushuk
group. - Coaly shaly beds from 170 to about 390 feet
resemble the Killik tongue of ‘the Chandler formatlon
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Shale beds beneath them contain microfossils in a
core which are  diagnostic of the Colville group.
The lithology of this sequence- of rocks suggests the
presence of & thrust fault above 400 feet, with the
Seabee formstion (Colville group) overlain by rocks
of the Nanushuk group; contacts shown on the graphic
log (pl. 12) are based on this assumption. Some
of the paleontologic data is at variance with this
interpretation (see p. 202); Foraminifera from a
core at 195-200 feet are diagnostic of the Colville
group. Nevertheless, a foot of coal just below the
siltstone of the same core is atypical of the Seabee
formation but is characteristic of the Killik tongue.
Unfortunately, no electric log was made of the well for
additional information on the stratigraphy, and the
thrust fault is arbitrarily placed at 350 feet.

"Beneath 390 feet a normal sequence of beds was
found; the Seabee formation is present from 350 (?) to
445 feet and is underlain by the Ninuluk (445-555 ft),
the Killik tongue of the Chandler formation (555-840
ft), and the Grandstand formation (840 ft to the total
depth).

Sandstone of the Ninuluk formation contained slight
shows -of oil both abovie and below the fault. Oil
from the upper sandstone bed of the Grandstand
formation averaged sbout 60 barrels per day on a
pumping test; the lower.sandstone bed yielded a flow
of gas measured at about 5,858,700 cubic feet per day
through a 1%-inch orifice. These amounts of gas and
oil may be less than the actual producing capacity of
the well, because icing and other difficulties reduced
the fluid flow during testing. -~ After casing was set
at 1,231 feet, no oil or water was produced with the
gas. . When the well was shut in, the gas pressure
rose gradually to 275 pounds per square inch.

Lithologic description

[Whete 5o cores are listed, description is based on cutting samples]

Core |~ Depth (feet) ) " Remarks

S
. 5-20

Rig floor to ground level.
Black chert pebbles, and rounded to sub-
angular dlear and white qguartz sand
grains. Pebbles may have come from
a mat of gravel spread on ground to
support drilling rig.
Clay shale, medium-gray, slightly to very
silty, nonecalcareous, and light-olive-
gray, very silty, calcareous. In the

20-30

fracture; small amount of siltstone in
lower part medium gray, slightly argil-
lacequs, noncaleareous. Seabee forma-
tion found at 20 ft.
_____ - 30-35.
gravel—well-rounded pebbles of light-
colofed and black chert 1§ in. in di-
ameter—which is not indicative of the

upper paft, & very small amount of .
light-yellowish-brown very slightly cal- .
careous- ¢lay ironstone, with conchoidal .

Most of this sample consists of surface

- 149 -

Lithologic description—Continued

Core

Depth (feet)

Remarks

35-45

45-50
- 50-60

6065

65-75

75-80
80-105

105-110
110-120
120-125
125-150
150160
© 160-165
165-170
- 170-180

180+185

185-190

190-195
195-200

200-210
210-215

215-220

220-225

225-230 -

* Sandstone,

formation penetrated; rest is clay shale,
similar to that at 20-30 ft.

Sandstone, medium-light-gray, fine- to
very ﬁne-gramed noncalcareous, fria-
ble; composed of subangular to angular
clear and white quartz with dark rock
fragments, chert, and rare pyrite.
There is a small amount of medium-
light-gray very argillaceous and seri-
“citic siltstone.

No sample.

Clay shale, medium-gray, very silty, non-
ealcareous; medium dark gray in lower
part. Very small amount of medium-
light-gray very fine-grained argilla-
ceous silty noncalecareous sandstone
near base.

Sandstone, medium-light-gray, noncal-
careous, friable; composed of sub-
angular clear and white quartz, gray
chert, and dark rock fragments. Top
of Ninuluk formation at 60 ft.

Sandstone, light-olive-gray, ‘fine-grained,
noncaleareous, friable, with some light-
brown and yellow quartz.

Sandstone, light-yellowish-gray, very fine-
grained, silty, argillaceous, very slightly
caleareous, with abundant yellow and
black grains.

Sandstone, medium-light-gray, very
fine-grained, silty, argillaceous; very
micaceous in part; very calcareous in
upper part; friable in lower part.

Sandstone and clay ironstone.

medium-light-gray,  fine-
‘grained, ' slightly silty, noncalcareous,
friable.

No sample.

: Sandstone as above.

Clay shale, medium-gray, very silty and

| micaeeous.

Clay shale, with some medium-gray sandy

" nonealcareous siltstone.

Siltstone with some clay shale.

Clay shale, medium-dark-gray, shghtly
to ver, sﬂty Top of Killik tongue of
“Chandler formation at 170 ft.

Clay shale and grayish-black carbona-
ceous clay shale, with small amount of
sandstone and very small amount of
black shiny coal.

Clay shale with some siltstone.

Clay shale, medium-dark-gray.

Recovered- § ft: Microfossils rare.
1t 5 in., clay shale, medium-dark-gray,

very slightly silty, nonecalcareous,
with poor shaly cleavage to poor con- -
choidal fracture.

2 ft 7 in., siltstone, medium-light-gray,
‘very sandy, argillaceous, with lam-
inae of clay shale and very fine-
grained sandstone.

1 ft; coal; black, shiny; conchoidal
fracture.

- Clay shale, medium-dark-gray.

Sandstone, medium-light-gray, very ﬁne-v -
girained, very silty and argillaceous,
_calcareous, with small amount of black -
"shin¥ blocky-fracturing coal.

Clay shale, medium-dark-gray, with small

amount of sandstone, siltstone, and clay -
ironstone.

Sandstone, medium-light-gray, very fine-

- grained, very silty and argillaceous,
caleareous.

Clay shale, medium-dark-gray.
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Lithologic description—Continued Lithologic description—Continued
Core |  Depth (foet) Remarks Core Depth (feet) 'Remarks
_____ 230-235 | Siltstone, medium-light-gray, sandy, very ¥ 532-537 | Recovered 3 ft: Microfossils absent. -
__slightly calcareous. Sandstone, medium-light-gray, fine-
_____ 235-240 .| Clay shale. grained, slightly silty and’ argilla-
..... - 240-250 | Sandstone, light-gray, fine-grained (rarely eeous, noncaleareous, micaceous, mas-
. e medium-grained), noncalcareous, fri- sive, friable; composed of subangular
_able; composed of subangular clear clear and white quartz with some
. uartz with some white quartz and ay. chert and dark rock fragments.
. . dark rock fragments. . Lower part of core badly infiltrated
_____ 250-290 | Clay shale, medium-dark-gray and dark- with drilling mud. Lo :
gray, slightly to very silty and mica- | _____ 537-547 | Clay ghale, medium-dark-gray, slightly .
ceous, noncalcareous, withsmall amount 5 to very silty, noncalcareous. )
of siltstone at 255~260, and at 270275 | .__._ 547-555 | Clay shale, with some meédium-gray non-
. ft, and very small amount of sandstone calcareous siltstone. Piie
at 275~280f6t. b _____ 555-595 | Clay shale, medium-dark-gray, slightly
SRR 290-300 | Sandstone, medium-light-gray, very fine- to very silty, noncalcareous. Top of
| -grained, silty, argillaceous, very mica- . Killik tongue of Chandler formation at
ceous, noncalcareous. 555 ft:
PR & 300-320 | Clay shale, medium-dark-gray, withsmall | _____ 595-605 | Clay shale with some silistone. :
~{ amount of siltstone, decreasing to rare | _____ 605-620 | Sandstone, medium-light-gray, very fine-:
: - | with depth; very small amount of clay . grained, very silty, argillaceous, cal-
. :}. . ironstone at 310~-315 ft. careous, with clay shale in the upper 5
_____ 320-325 .| No sample. ft.
..... 3256-330.| Siltstone, medium-gray, argillaceous, | ____. 620-635 | Clay shale, medium-dark-gray, with small
. . sandy, noncalcareous. amount of sandstone, ‘
_____ 330-375 | Clay shale, medium-dark-gray; slightly | .___. 635-640 | Sandstone, medium-light-gray, . fine-
silty in part; nonealcareous; very small grained; composed of subangular clear
amount of sandstone at base. Top of and white quartz with some dark rock
) Seabee formation at 350 ft. : fragments. '
..... 375-380 | Sandstone, medium-light-gray, fine- to -7 640-645 | Recovered 5 ft: Microfossils very rare.
..} . medium-grained, noncalcareous, friable; ‘ Claystone, medium-dark-gray; very
- somposed of subangular clear quartz slightly silty in part, conchoidal frac-
-..| . with some white quartz and very rare ture; faint silty ae dip 13°.
- dark rock fragments. @ _____ 645-650 | No sample.
..... 380400 | Clay shale, medium-dark-gray, slightly | _.___ 650-711 | Clay shale, with very small amount of
- to very silty, nonealeareous. siltstone in upper fpart and some sand-
2 400~-405 | Recovered 5 ft: Microfossils common. : i " stone at 685-690 ft.
. Claystone, medium-dark-gray; very 8 711-716 | Recovered 5 ft: Microfossils very rare,
slightly silty in cﬁatt ; noncalcareous; ) Sandstone, medium-light-gray, very
. irregular to conchoidal fracture. fine-grained, very silty and argilla-
o 405-445.] Clay shale, with some medium-gray silt- ceous, . slightly micaceous, noncal-
) stone; calcareous at 420-430 ft. eareous, thin bedded, with scattered
e 44b—455 | Sandstone, medium-light-gray, fine flakes of coaly material; grades to
) .- grained, silty, us, slightly fine grained at base. ‘
caleareous; composed of subangular | __... 716-722 | S8andstone, medium-light-gray, fine-
clear and white quartz and gray and " grained. :
dark rock fragments, with very small | _____ 722-730 | Sandstorie, medium-light-gray, very fine-
‘ amount of elay shale. Top of Ninuluk grained,, silty, argillaceous, - noncal-
. formation at 445 ft. : careous.’ :
———— 455~457 | No sample. N 730-745 | Clay shale, medium-dark-gray, slightly to
3 457-462 | Recovered 5 ft: Not sampled for micro- very silty, with some sandstone and
fossils. small amount of siltstone in lower part.
. Sandstone, medium-light-gray, fine- to | _____ 745-805 | Clay: shale, medium-dark-gray; slightly
very fine-grained, silty, argillaceous, gilty in part; rare siltstone at 770-775
_ nonealcareous;massive in upper part; and 800-805 ft and small amount of
. , grades in lower part to very fine sandstone at 800-805 ft.
: ¥ grained and thin-bedded. ——— 805810 | Sandstone, medium-light-gray, very fine-
wmaea| . . 462-482 | Sandstone as above, becoming very fine .. ‘grained, silty, argillageous, noncal-
grained at base. . SR A . .| . careous.. . . ... . o
4} . 482-487 | Recovered § ft: Micrefossils absent. . 9 - 810-815 | Recovered 5 f4: Microfossils absent.
. Sandstone, = medium-light-gray, very aal o .. -Clay shale, medium-dark-gray, slightly
: + -1 . fine-grained, silty, argillaceous, non- .. silty; and very silty claystone and
Shin bedded; composen of supangules it ey bentontte Frezments
- thi ; composed of 8 rare light-gray bentonite fragmen
- grains of clear and white quartz and _..in lower part; fragments from base of
] op gray and dark rock fragments. | .- . core embedded in drilling mud.
———— 487-505 | Sandstone as above, with small amount of | ...._ 815-818 | No sample: - .
, sos-507 | N clay sll)zlale in uypper part. . 818-820 | Clay shale and sandstone.
- QU= 0 sample. : SPIE 820-830 | Clay shale with very small amount of
507-512. Rescgggged 5 ft:iaﬁcmfzssils absent. ) : siltstone: very
: tone as in core 4. - - Y . ol iumli :
..... 512-525 | Sandstone as above, with very small | === 830-840 mﬁﬁciﬁiféﬁﬁd?ﬁ’é’m light-gray very
amount of clay shale and clay ironstone; . j e Y -
.| ., rare coal in upper part. - | wme—— 840-855 | Clay shale, medmm-dark-gra.gs, slightly
emw=-| . 525~532 | Sandstone, medium- to fine-grained; com- _ . sllty in part, Top of Grandstand for-
posed .of white and clear quartz with mation at 840 ft. .
rare gray and dark rock fragments. e 856-865 | Clay shale, with small amount of siltstone.

.
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Lithologic description—Continued

+Lithologic mnow-Contmued
Core | Depth (feet) i Bemarh Cora | Depth (feet) Remarks
aozii) e 8654885 Sandstone, medmm»hght-gray, fine- 15 | 1,183-1,188 | Recovered 3 ft: Microfossils very abun-
. USRI grained, shghtly silty and argillaceous, ’ dant.
N noncalcareous, friak e, th.h rare clay 10 in., d.n’]hn%al;md with small frag-
. =5 - ghalé in upper ?m.l ments clay
..... . 885-890 { Sandsione, clay shale,: a.nd ‘medium-gray 2 ft2in., claystone, medium-dark-gray,
T a) e0Us noncaifcareous siltstone. - noncalcareous, very  slightly mica~
Cin i 738004805 | Sandstene, very. ﬁﬂe—gra.ined, ‘with- Some ceous, with r conchoi fracture.
. e e o very silty clay shale.  Pelecypod 8 ent present.
..... 895-900 | Clay shale, w1t some ﬁne—gramed sa.nd- --a--| 1,188-1,209 | Clay shale, medmm-da -gray, with rare
stone. : bentomte at 1, 190 ft.
00-010: | Sandstone, with some clay shale. _____ 1,209-1, 215 | Clay shale.
910-920 gmle, slightly silt g -7 1.215-1, 216 | No sample.
‘9204930 : one,’ thedium-light-gray, very finé- | -.._. 1 216-—1, 236 -Clay shale with very small amount of silt-
i : afned, - very :silty -and . argillaceous, [ ~stone and small amount of olay iron-
_ noncalcareous. L stone at top.
> BN 930»—1, 005 Clé.y "$hale, - medium-ark-gray, slightly | ——-_- 1, 230*‘-’1, 240'| Clay ‘shale a.nd siltstone, meditmgray,
R P . .to very silty, noncaleareous, with..very ) very argillaceous, ealcareous.
rare siltstone and rare sandstone at 16 | 1, 240~1, 243 | Recovered 3 ft: Microfossils common.
Froumisant C0Bs-0T0 . Fragments of claystone, medium-dark-
SN 1,;(;30,5,—,1,‘019 Si]tsi;.gna, me&nm—gray, argﬂ]aceous, cal- ¥, noncalecareous, with rare frag-
St caréous in part, ~ ments of light-gray argillaceous ben-
ssneJel, 0101, 015 Clay sha:ie, medium-darkagray, shghtly tonite and medium-light-gray #ine-
[ T Ve tq ¥ fy to. medium-grained slightly - silty
1011, 1,018 Recovered '8 'ft+ Microfor a.bsent __slightly caleareous sandstone; com-
KNI EERERAET ‘2 £t°8 in.; clay shale, mediuin-dark-gray, B gosed of clear and white quartz and
nancafc&requs, slightly: silty in part, i - dark rock fragments, with conimon
in small fragments. grains of f{ymi;e
in, claystone, medium-dark-gray, 17 |1, 243-1, 246 | Recovered 2
noncaAledreous; with conchoidal frac- _Sandstone, medium-light-gray, fine- to
ture; small carbonized plant frag- *" 'medium-grained, slightly silt X and
) ments rare. . argillaceous, noncalcareous. 2:in.
----- 1,018-1,038 |. Clay shale, slightly silty in ps,rt with - interval of medium-grained sandstone
: white bentonite at 1,030 ft. : ;o1 ft_below top of core contains
11 | 1,038-1,041 | Recovered 3 ft: Micrefossils common. _rounded fragments (%~3-in. in diam-
2 ft 2 in., drilling mud with small frag- eter) of medium-dark-gray clay shale
ments of medlum-dark-gray clay and " carbonized plant fragments.
shale as in cote 10. - o “s. .o Oil stain in lower 6 in.
-+ 10 #m., claystone as at base of core 10. | - .- 1,246-1, 250 Sandstone, medium-light-gray, ﬁne-gram-
—eusl 1, 041 1,061: :Clay: ghale,; slightl silty in part. , . ed, noncaleareous, friable; composed of
‘1271 1, 061-1, 063 *| Recowered 1 ft: NI}I,CI'OfOSSﬂS abundant. subangular to subround clear and white
Clay shaley medium-dark-gray; in frag- guartz with some dark rock fragments
ments ¥%~2 in. in diameter; rare frag- : ) and gray chert.
ments of medium-light-gray very | ----- 1,250-1, 260 | Clay shale, with small amount of siltstone
ﬁne— ained sandstone and light-gray and-sandstone.
acedus bentonite. - 000 ) ----- 1,260-1,265 | Clay shale.
_____ 1 063—1 078 Clay ‘shale, slightly to very silty. - -=on-|,1,265~1, 295 | Sandstone, medium-light:gray, fine- to
13 1 07&—1 080 Recovered 10 in.: Microfossils rare. ; very fine-grained, argillaceous, silty,
Claystone, med.lum-da.rk-gmy, non- - glightly micaceous;: moncalcareous, -fri-
calcareous, with subeonchoidal frac- able. Some medium-gray very argil-
ture. A 1l-in. nodule of brownish- Iaceous sandy’ noncaicareous sﬂtst.one
gray noncalcareous clay ironstone at ‘| __between 1,285 and 1,
eore. <l eeaaw 1, 295-1, 296 . No sample. ;
______ 1, 080-+1, 090 Claymga.le, ‘slightly to very silty, . 187 1,296-1, 300 ‘Recovered 4 fb: Mierofossils very rare., '
--.--| 1,090-1,100 | Siltstone, medium-gray, argillaceous, 10 in., drilling mud with fragments. of
N sandy, ‘caleareous. sandstone and medium. ark-gray
wswe-} 1,100-1; 120 | Clay shale, .slightly . to. very sllty, with : ghale.
I . small amount of silts 3 ft 2 in., sandstone, Iight—gray, fine-
Son] 112041, 125 Cla.y ‘'shale, stightly f)o very silty, with " grained, argillaceous, _ silty, - mica-
[E EEITR TN RTERTUNES very small amount: of light-brownish- ceous, nonca.lcareous, massive; com-
- o slightly silty, very slightly cal- posed. of subangular clear and white
RN ca, us clay ironstone. : quartz with rare dark rock frag-
-s=msf 1,-128~1,130.{ Siltstone, ..medium-gray,.sandy, noncal- i ‘1" 'ments.
. Son .| careOus ARG 1,300-1, 325 - 'Sandstone, medium-light-gray, fine-grain-
141 1,130-1, 133 | Recovered 1 ft 6 'in.: Microfossils rare. ) - edyslightly silty, noncalcareous, friable,
I S Siltstone, :medium- to medium-light- - | . with very s amount of clay shale.
o RS gray, argillaceous, noncalcareous, | ----- 1,326~1, 327. :No sample.
_____ 1'1,133-1,'145 | Clay shale, with small amount of siltstone. ' .
w=einl.1,145-~1, 180 |-Clay shale,’ medium-dark-gray, slightly . ;
sntltsi,ltﬁ){)o?n crystalline limestone rare CORE ANALYSES
a t; som
; o] 1,170t ¢ Wwhite bentonite at Analyses given in the table below were made w1th
----- 1,180-1,183 | No Mple, , equipment described on page 127
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Analysi of core samples from Umdat test well 8

Effective porosity]
{percent)

_Depth ffeet) =

Afr permenbilit,
- (millidar 4

—t

" omL aND aas
"’ OIL AND GAS SHOWS -

_ Several shows of oil and gas werd t;oted urthls weﬂy
by - Arctic Centractors peologists, and the followmg?

notes were reeorde!;l dm‘;ng drlllmg operatmm
: Oal and aus dwws, Ummt Yest well 8 :.

9.7 116
19,74 0
14. 3 45
'18. 85 435 .

o, - : Remdrks
56-H7__, .. »Sandstoae has.a faint edor of oil. :
75+ Faint odor of ‘weathered Umiat crude oil in |

PR h&d aa edor of oil, but no shows of 011 or
£68,;
Good o&or, fair finorescence, and’ pale ether
. cut noted in sandstone.
. 0il level rose to 630 ft on penetrating frac-
* tured shale 8t 810 ft,
‘Oil level rose to 615 £t; oil slightly gas cut,
eut ‘pf oil. As drilling progressed, oil
«flowed from sandstone into hole, and gas
increased from hght to fair blow, having
closed-in pressure of ‘53 psi.

e at’ 1231& .

FORMATION TES'I‘S

" The details of several bailing, pumping; " a.nd gas—
volume tests:made on the well are presented below.
The information was recorded by John Bollenbacher
and Marvin Heany, of Arctic Contractors. Results of
bailing tests in the upper part of the hole are shown in
the followmg table.

Bazlmq tests in.the upper part of Umiat test well 8

Sandﬂtpne with good odor and light stain and |

‘Strong blow of gas came from below casing »

)| to 805 feet in 6 hours.
| fuid level dropped to 645 feet, but continued bailing

~Deplh q feet) i : Remarks

640_.._._ ... ... Reéovered one-half a barrel of oil in an 8-hr

L ‘test, and 2 bbl of 011 in 10-hr test. :

8200 __ . ___ ... “An 11-hr test .showed oil entermg hole at .

o . .rate of 5-6 bb)] an hr. - R

838, . . . ._.: A 2-hr test recovered 11 bbl of oil.

875 . _.___ “Five bbl of il ‘baffed in.1 br,

895 . _ ... Bailing test recoveéred 5, 4'4, and 3% bbl of ;
oil in first, second, and third hours,
respectively.

905, _ . _._.____. A 1-hr test recovered 3 bbl of oil.

915_ . ___. A 1-hr test recovered 3 bbl of oil.

967 . A 1-hr test recovered 3% bbl of oil.

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

After coring from 1,012 t0'1,018 feet, the fluid level was
at 815 feet. Eleven ba.rrels of water-free slightly gas-cut

o¥s) oil was bailed; 33 barrels of mud was then bailed from

the bottom of the hole. Four hours later 3 barrels of
‘mud was bailed from thé bottom of the hole, and 1 hour
later one-half a barrel of mud was bailed, also from the
‘bottom. The fluid level remained at 615 feet.

At 1,034 feet baeiling 66 barrels of oil lowered the
ﬂmd level from 615 to 688 feet: There was no water
in the bottom of the hole. : '

When the total depth was 1,080 feet, upset tubing

-{2%-in. diameter) was put in the hole with the shoe at

1,053 feet; the well produced 60 barrels of oil in 19

‘| hours: of - swa.bbmg Pumping then . produced 36
| barrels of ofl’in 3 ours. The pumping test continued
| several days, but the results (see table following) are
| theonclusive because of the inadequate capacity of the
pump and its tendency to collect wax. The oil con-
‘| tained 0.1 percent of water and 0.1 percent of silt and

sand, by velume. It contamed wax, and there was no
- odor of hydrogen sulfide. -
Pumping test at 1,080 fset in Umzat test well 8
- Hours | Strokes | Barrels
pumped - per of ol ‘Remarks
minugte
24 12
5 32 ) i
156 24 M
24| .. 67 | Two days was spent pulling tools and tubing from
B hole, balling water, and overbauling pump.
Fluid level was at:147 ft, and water, presumed to
. be Ayid, was bailed with six runs of bailer.
Pump contatned some mud and wax. Test was
‘then oontinued
8 (]
(4N 62
MU 60 No water.
i 16 5634
23 16 6134 A 86-in,: attoka was used. Flow line temperature
was 24°-28°F
24 | . 87
2 16 62
b2 3 PO 56 | No water; flow temperatm-e 26°F,
4 53 | Flow temperature 22°-26°F,
7 18 N 0 water,

At 1,327 feet bailing began with the. fluid level at

| 620 feet; and 40 barrels of 0il and 3 barrels' of mud
| were bailed from the bottom of the hole in 3 hours,
‘| and 67 barrels of oil was bailed from the top in 3 more

hours. The fluid level dropped 180 feet, and the water
was almost entirely removed during the 6-hour test.

"--The fluid: level then rose to 660 feet in 2 hours and
Affer 3 hours of bailing the

for an hour from the top of the fluid eolumn did not
lower the fluid level. The 4-hour test recovered 43
barrels of oil.

After running 2%-inch tubmg to 1,250 feet, the well
was swabbed for 15 hours, and 100 barrels of oil and
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mud was recovered. Thie well then began to flow at a
rate of 2.5 barrels per hour, with a fair blow of gas for
9 hours. The rate of flow and gas volume declined
gradually, with recovery “of 49 barrels of 01l in 24 hours
and 20 barrels in the foHowing 15 hours. The pump
could not be lowered below 480 feet, and when it was
pulled out, it was coated with ice, which apparently
caused the decline in production. ‘The oil and gas
flow through the tubing stopped, with only a weak
blow still coming through the casing. When the tubing
was lifted one joint, a strong blow came through the
casing. The tubing then could not be lowered past
1,235 feet. The well was shut in 1 hour, and the gas
pressure built up to 80 pounds per square inch (psi).
Gas volume was checked with & 2-inch critical flow
prover. The static closed-in pressure was 79 psi. With
a Y-inch- orifice, pressure measured 72 psi, volume was
353,000 cubic feet, and temperature was 35°F. A second
test with a %-inch orifice recorded 61.5 psi and 441,500
cubic feet with the temperature at 35°F.

After setting 8%-inch casing at 1,231 feet and cleaning
out the hole, a measure of the gas volume was made
with the 2-inch critical flow prover. The static closed-
in pressure was 245 psi. With a 1%4-inch orifice, pres-
sure was 18.1 psi, the volume was 1,893,300 cubic feet,
and temperature, 33°E. Production with a l-inch
orifice was 1,788,500 cubic feet with 61.5 psi at 35°F,
and with the %-inch orifice it was 1 ,559,400 cubic feet
at a pressure of 106 psi and a temperature of 36°F.

After cleaning out the well another production test
was made. With tubing at 1,312 feet the well was
swabbed 3 hours and then flowed brine. Two hours
later it was producing gas with only a small amount of
brine. The 2-inch critical flow prover measured the
following volumes and pressures: With a %-inch orifice,
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pressure was 175 psi, volume 1,198,000 cubic feet, and
temperature 31°F; with a 1-inch orifice pressure was
101 psi, volume 2,736,000 cubic feet, and temperature
30° F; witn a 1%-inch orifice pressure was 49 psi, volume
3,715,000 cubic feet and temperature 27°F. Casing
pressure ranged from 45 psi flowing pressure to 205
psi when closed in.

Immediately after the test the well produced gas
and a trace of oil and a very small amount of brine, but
the following day no brine was produced with the gas
and trace of oil.  Minimum pressure with .an open
3-inch valve on the tubing was 140 psi,-with 215 psi
maximum closed-in pressure.

The well flowed gas from the casing or tubing for 4
days, after which it was shut in, except for gas allowed
to blow through the tubing every 4 hours to keep the
tubing free from ice. Shut-in pressures were 200 psi
in the tubing and 250 psi in the casing. A week
later shut-in casing pressure at the well head -Tose to
270 psi.

A fourth test with the 2-inch critical flow prover,
using the Y%-inch orifice, resulted in a pressure of 237
psi, volume of 1,496,600 cubic feet, and a temperature
of 25°F; the 1-inch orifice gave 170 psi, 4,385,500 cubic
feot and 25°F; and the 1%-inch orifice. gave 85 psi,
5,858,700 cublc feet and 24°F,

OIL AND GAS ANALYSES

A gas sample taken after reaching thq total depth
was analyzed by the U. S. Bureau of Mines. In per-
cent by volume it contained 0.1 of noncondensables,
97.3 of methane, 1.7 of ethane, 0.5 of propane, and
slightly less than 0.5-of butane and higher fractions.
An oil sample taken during the pumping test at 1,080
feet was also ana.lyzed by the U. S. Bureau of Mmes, '
the results are given in the following table. »
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i, Gmda—pctraicum analysis of U. S, Burpau of Mines sample 51050 from Umial lest well 8, taken: during: ipumping test ot 1,080 feet
[Geneml ehaneterisﬂes oi sample Iouow Sp gr, o 842; nlmr 0.10 Wﬁ Saybolt Univeraal visocﬂty at 100°F 36 se0;, gnyity sq‘f"API, pour point, 5°F; oglor, Natl.

Dummuwmafmmaum R

s Onm— : o , o R Saybolt o
! Fractien <§: Percent . | Sum per-:| Spepific | ®APIaf |Correlatidn;:Ant Universal | Cloud test
cent | gravity! i index point (°C) | viscosity [ )
i s T L°F . T Loy : -at 100PF :
pressure, 746 mm Hg. First drop, 48°C (us"m';‘ b
54 R R (S - - SENTRNE [ .
8 Y 0.731 [ 1 JOPEAI I 12.11
ry 16.0 770 8.3 36 34.0
5 -8 - 780 . 478 = 323
6. 30.2 .802 4.9 ‘37 381
7 » 356 - 818 408 | 1 36 46.8:
8. 42.0 .827 39.6 37 52,9
9. 5.1 846" .8 | 4. %68
10 . 588 .850 33.2 42 50.5
: e Stage 2:+:Distillation contintied at 40 im Hg Co
N - 1 . ? HN - A I . B
392 a8 6.6 - 0.871 3.0 42! Below 5
4374 - 81 wrAT| - BT - .30.6 46 [ 2
482 5.9 77.6 .851 2.1 .60 40
527 5.0 82,6 888 | . 2.9 ‘91 .65
573 4.8 874 .895 2.6 160 70
12.4 1 99.8 -914 B33 e

F7

gravity.at 60°F compared with water at 80°F, )
% cﬁggﬁ regidue jof orude; 0. llx’gmnt carbon residue of residuum,:1.1 pereent.

’ .Appmz'imqtedﬁﬁm‘ gry- )
L Constituent * ~ * | Percent | @
¢ Light gasoline. C70l e |
Total gasoline and naphtha 35.6 779
U P €] 0 ¢ ¢ = -
e AL RS, ason. - uz ‘.,854 .
. . Non ; 11.0 10.876- . 889 | * SN i
E O TR Y & S FLE PPRDPII Mvd%gdmnm 6.6 | .889- .898
TR 1 R, e distiage. Y I e
G . " Distillation 1068 1ol 2 |l ;
O S RS Lo Drd s
' L Sl Ty
e . LOGISTIOB - Generator, - 15 kw, poWered by Ca#erpﬂlar D3400 diesel

Peré(mnel and'housmg L Eight men‘were empioyed at
theé rig site—-a drilling foréinan afid geologist supefvised
the work, and the drill crévws consisted of 2 dfilers, 2
tool dressers, and 2 firemen, Temporary workers were
brought from Umiat camp when their services were
needed ; they included & welder for dressing the drill bits,

- mechanic, & bulldozer operator, an LVT operator, a

cementer, and laborers. Both temporary and permanent
employees were housed and fed at Umiat camp; so the
only buildings at the rig site were a power and ‘boiler
wanigan, a cement-pump wanigan, and a water wanigan.

Vehicles and heavy equipment.—All vehicles used were
supplied by the Umiat camp as they were needed;
Caterpillar tractors, LVT’s, cranes, and weasels were
among the items employed. One each of the following
major items of drilling equipment was listed by the
Arctic Contractors as having been used.

Cardwell unitized spudder, model K.
Caterpillar, D8800diesel engine,

; eﬂs‘ne. S §
... Kohler 4-kw light pla.nt i :
Heat-Pak boiler. . . - ‘ : .
‘Lufkin TC-3A pumping unit. = 0 o
Buda gasoline engine.
Bolted steel 100-bbl oil test tank.
Bolted steel 64-bbl oil test tank.

Fuel, water, and lubricant -consumption.—Fuel used
consisted of 378 gallons of 72-octane gasoline and 6,877
gallons of diesel fuel. Lubricants consumed were 302
gallons of No. 9170 lubricating oil and 61 pounds of
grease. Water consumptlon was 46, 03#3E gslions

DEH;LING OPERATIONS
) DRILLI’NG NOTES

The Cardwell unitized spudder was mounted on a
sled, and towed to the well site with a D8 Caterpillar
tractor. The drilling operations which followed are
described below; they ‘were recorded by John Bollen-
bacher and Marvin Heany, of Arctic Contractors,




Remarh

ﬂmd ¥ oot Fi "‘«‘»

805 dmiofgdusoni Two joints of 113-in. 47-lb casing; Wiﬂx plam:

..., .. mhoe were set at 50 ft.
- 'Cal-Seal

" s6t; annulus théii ‘was filled with 16 sacks
of Cal-Sea.l After Cal-Seal set, top of
cement found &t 40 ft in casing.

]}‘gur gacks of

80 - _nvoonseesn Bit stuck in tight hole. for 3} hr but was

. worked-loose. After being-shut down 18
~hr waiting for drilling jars to be flown in,

hole was filled with gravel from 76 to 80 ft |.
Cgac o and -oredrilled with 3axs in order to | .

‘straighternit:
... Drilling line ptlled out of rope socket, but
- tools recoyered from hole, .
- -Line broke at socket tools fished out of hole
‘in 3 hir,
. Bailerhue broke fished out in 3 hr.
-,.Baﬂer dump chair hauled out of hole after 3
- hrof. fishing: -
: Driﬂmg Ené-broke, leavmg tools in hole, but
“'they were tecovered in'3 hr. thd level
. at 665 ft. . . T
- Fluid level at 695 ft
After:eoring 3 ff,, fluid level at 615 ft.
Fluid level remained at 615 ft.
Z 'I‘hree mqm wau scratchers on bailer. were
;.. usgled o soratoh walls of hole for 8 hr, from
© 50'to 1,080 ft. - After swabbing, rig was
‘moved “off of well, pump ipstalled, and
*.pumping; test made. . (See table on p. 152.)
After test, pump found to contain large

! mount of wax. - Bailer foturd bottom at :

.1,062 ft; no Water in bottom of hole.
Gswmg sides made drilling dlﬁcu]t
Shale caved into hole. T
- Drilling line btoke, leaving tools and 445 ft
... of line in Hole," Fish recovered.in 5% hr,
o “which includeda 3-hr wait for fishing tools.
e Water found in-bottom of hole; 40 bbl bailed
" out, lowering fluid level from 583 to 625 ft.
7' Tee reamed from 50—190 ft .and hole en-
g Jarged from 7}{ in. to 10% in. to a depth
ceey o -of 1,260 ft. Bmler and 585 ft of line lost
et ojn hole but Yocovered in 3 hr, and reaming
© T Veontinved! td’ 1,300 - ft.. (\Flmd level at

{

. D85 £t Lt
,317--_“:1..-.-_,.-- Flmd level at 610—628 ft
1,327-___; _______ Bailer and 200'ft of line stuck a.t 1,122 14 but i

. werg r?ccpi“ered in 1% fbr.
After swabbing and gasﬂv,qlume tests, a p1ck
on a swab sginker-bar was run down hole;
'but although it ¢cleaned out 30 ft of ice
' from tubing, it was not able to clean holé
complgtely.. Several gallons of glycol
-~ - were pgoured down tubing, but pick still
C eould: ot get through, so well was killed

r;-; - -' ana.ll ampupt of ﬂmd in holé‘was fregzmg, 80
o " brine’ ﬁas ninied and put in a3 dnlhng'

vas dumped in it and a,llowed to.
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Notes fronk drill reeords—Continued
Depth (feet) Remarks
' _Fluld level at 590 ft. Cavmgs ﬁlled hole, t.o
71,215 ft; after cleaning them out to I ,260
. ft, fluid 1eve1 down to 595 ft.
Casmg set with shoe at 1,231 ft, “using 59

" joiits of 8%-in. Natgonal seamless 32-1b

API round-thread casing, and 140 sacks
- portland cement. - Plug set with 78 bbl of
“‘brine .and- 500 psi. of pressure. .. Twelve
- sacks of Cal-Seal also used fo cement be-
. tween 11%-in. and 8%-in. casing. .

" Tee ‘was drilled out of casing from 50 to 550

- fand hole then cleaned to 1,250 ft, drill-
.ihg out plug at 1,213 ft. . Though there
X was no sign of oil or water, gas camg out-
- of hole with sufficient volume to flow fluid
out, and volume test was made.
To kill the ‘well, 111 bbl of brine (made of
-+ - 35 1b of salt per barrel of ‘water) mixed by
. cement pumps, were put-in hole, but fluid
level could.not be raised above 600-ft.
Eole cleaned out from 1,253 to 1,327 ft,
and after 400 Ib of salt were put down,
tools ' were pulled 6ut. Nineteen barrels
- ‘of ‘brine and 500 1b of additional salt were
. pit:in to ‘maintain fluid level at 600 ft,
and tubing was run to 1,312 ft. ot
After testing gas flow, well ‘was closed in
with tubing to 1,312 ft; no fluid in hole.
Top of surface msta.llatlon ¥ is 5 ft above
ground leveal. :

1 Above grotind level an 8%¢-fn. eouplmg has an 884-n. nipple fianged at top with a
2- by &in. nipple, and a 2-in.. Mereo-Nordstrom stopcock. Above that is an 83¢in.
flanged spool with two 2-in. side ‘ports closed by 2-in. standard gate valves. A 2)4-In,
external-upset tubing head is on t6p, and above the tubing head Is u 214 by &in.
nipple capped by.a 2}41n. tee which has a 2-in. gate valve attached to theside...On

the top isa 3- byz/éin swageeapped bya3-ln 5(l)-lb@tavalve. Thetopwas 51t
above ground ]evel

DRILL A.ND CORE BITS

A total of 16 bits was ased for drilling, and one other
was used for cleaning out.the hole. When the bits wore
dull, they were redressed by hard-surface welding at
Umiat -camp. " “At: 8omé’ depths one bit'was used for
short alternate intervals of drilling and reaming; to
avoid confusion on the graphic log (pl. 12), these blts
are shown as havmg drilled only.

"The Baker cable-tool core barrel no. 6, w1th elghx

5%-inch bits was used for all 69 feet of coring in the
hole Core bits are numbered 1 through 9, but there

isno 1t no. 4, and the. total used is 8.

DRILLING FLUID

Brine was used in the drl]hng, usua,lly a ml,xture of ‘

35, pounds of salt to 1 barrel of water. Enough brine
was put in the hole to cover the cable tools—1%-2
ballers full, " Brine was "also used to kill the Well and
for placmg the plug when cementing casing. A total
of 21, 695 pounds of salt{ was used,
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UMIAT TEST WELL 9

Location: Lat 69°23'14' ' 'W., long 152°10’11"' W,

Elevation: Ground level 418 feet; kelly bushing, 424 feet,

Spudded: June 25, 1951,

Completed: January 15,.1952; pumped an average 217 barrels
oil per day before pluggmg back. Abandoned. :

Tota.l depth: 1,257 feet,

The purpose of drilling Umlat ‘test well 9 was to
determine the western extent of the producing area
of Umiat field, to deteérmine the feasibility of using

oil-base drﬂ]mg mud with rotary drilling in the Umiat
area, to: test the productive capacity of individual

sandstone beds found, and to obtain complete, un- |°
contaminsted cores from them to determine charac-.

teristics affecting the oil reserves of the field. The well
averaged 217 barrels of oil per day on a lengthy pump-
ing test, extending the field and proving the advantage

of ‘using -oil-base mud in drilling. It was impossible,
However, to test each sandstone separately, as the mud

evidently prevented oil from flowing immediately
after. the rocks were drilled; so swabbing tests were
unsuccessful. When the total depth of the well was

reached, oil began entering the hole, and plugging back

by stages with cement did not serve to define the
producing horizons closely, although some oil was
shown to be céming from fractured shale between the
sandstone beds. When the cement was drilled out and
casing set and perforated opposite permeable sandstones,
no oil entered the hole; either permeability was ad-

~versely affected by the casing cement or the perfomtlons

were not adequatée. Except for Umiat test well 1,
this hole, about 2 miles west of Umiat test well 2, is
the westermost one on the anticline. It is just north
of the Colville River flats on a small stream that has
cut a notch in the southern slope of the long ea,st-west
rldge bordenng the wide river valley:

DESCBIPTION OF GORES AND. CUTTINGS

The drilling first penetrated 150 (?) feet of sandstone

of the Ninuluk formation. If the upper 50 feet, repre-
sented by a single sample is properly described, then

/t’he sandstone unit is 50 feet thicker than it is elsewhere :
in the field and may be duplicated by a reverse fauh _
On the other hand, if the upper 50 feet, is |

at 50 feet.
incorrectly represented as a result of poor sa,mphng and
was partly clay shale or other rock, then the upper part

~of the well was drilled through a normal sequence and

penetrated about 50 feet of the Seabee formation.
Below 155 feet the Killik tongue of the Chandler
formation is present as clay shale with some interbedded
sandstone to a depth of 425 feet ; clay ironstone and coal,
present in other wells, were rare in ‘samples from this
well. Most of the Grandstand formation (425-1,090
feet), and the upper part of the Topagoruk formation

(1,090 feet to the total depth) were cored; they consist
of medium-light-gray sandstone and medium-dark-
gray clay shale typical of tﬁése two formations. The
upper sandstone bed of the Grandstand formation is
60 feet thick; the lower ‘sandstone ‘beds total 180 feet
and are diwded mto 3 units by 35 feet of clay shale

and 26 feet of slltst.one a.nd pclay shale

thhaloqw descmptwn
[Where no cores are Hsﬁed, description 15 based on eutting samples]

Core Depth (feet) . Remarks

m——— 0-6
_____ 6—60

Kelly bushmg to ground level.

One sample, containing sandstone .as
below. Top of the Ninuluk formation
is at 6 feet (7).

Sandstone, light-olive-gray, very fine-
grained, very silty and argillaceous,
micaeous, noncaleareous; composed of
subangular grains_of clear and white

. 3uartz with some brownish quartz and

o ark rock fmgments
_____ 80-90 | Clay shale, medlum-dark—gray, slightly to
. very silty, micapeous, noncalcareous.
_____ - 90-100 Sanﬁistone w1th some siltstone and clay
’ shale

..... “100-140 | Sandstone, medium - light - gray, fine -

grained, :silty, argillaceous, noncalcar-

eous, with rare bentonite in upper 5-ft.

..... ~ 60-80

_____ 140-170

Clay shale, medium-dark-gray, slightly
to. very silty, noncalcareous. Top of
 the “Killik tongue -of the Chandler

- i : forniation is at 155 ft.
_____ 170-190 | Clay :shale; with a small amount of
- sandstone.
P 180-200 | Clay shale with some very argillaceous
siltstone, and very small amount of
sandstone:
————— 200-210 | Clay 5hale, slightly to very silty.
_____ 210-230 | No samﬁ
_____ 230-270 | Clay s ale, shghtly silty, with very
- small amount of bentonite at 260 ft.
_____ 270280 | Sandstone, ‘medium-light-gray, very fine-
: grained, ‘very silty and argillaceous,
_— noncajcareous.
_____ 280-290 | Siltsfone, medium-gray, very sandy, ar-
) gilldceous, micaceous, noncalcareous.
_____ "290-300 | Clay shale, medium-dark-gray, slightly to

- very.silty, with some siltstone.

_____ 300-310 | -Clay shale as above, with rare bentonite.

_____ 310-320 | Sandstone, light-olive-gray, very fine-
grained, - very silty and argillaceous;
slightly calcareous in part.

Clay shale; with some siltstone and very

. small amount sandstone.

No sample.

Sandstone, hght-ohve—gray, very fine-
grained, very silty and argillaceous,

. . noncalcareous

S 350-360 | Clay shale.

e 360-370 | Clay shale’ a.nd sﬂtstone

——le- 370-380 Clay shz.le

i -380-385 {:N
1 385-394 Recovered 0 ft 1 in.: Mlcrofossﬂs absent.
Claystone, medlum-dark-gray, noncal-
careous, uniform, with subconchoidal
fracture. A 1-in. bed of brownish-
gray nonosleareous clay ironstone
4 ft below top of core; 64 ft below
' ' top is 4-in, bed of grayish-white
’ bentomte with abundant euhedral
bidtite: crystals, increasing from very
fine-sand size in upper part to fine-
sand size at base. Beds dip 1% 3°

_____  320-330

330-340
_____ . 340-350
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Core Depth (feet) Remarks Core Depth (feet) Remarks
2 394-403 | Recovéred 10 ft: Mierofossils absent. 7 ft 8 in,, sandstone, medium-light-gray, .
o Claystone as above. fine-grained, also fine- to medium-
3 408-413 | Recovered 10 ft: Microfossils absent. grained, slightly to very silty: and
- . 4 ft, claystone as above. - ‘pegiilaceous, noncaleareous, massive;
2 ft 9 in:, sandstone, light-gray, very irregular fracture; contains rare scat-
fine-grained, silty, argilaceous, :seri- . tered streaks of coaly material. Sand
citic; slightly caleareous in part; ir- composed of subangular clear and
) rfracture; scattered patches white quartz with some coaly par-
and faint partings of medjum-dark- | . tieles and dark rock fragments. Dip
graﬁ micaceous -clay; intergrades | as ).,  approximately 3°,
with sandy siltstone.in lower part 10 | v 474-484 | . Recavered 10 ft: Microfossils absent.
and to underlying claystone at base. . . Sandstone as above, but very fine- to
3 ft 3 iny; claystone, medium-dark- - fine-grained; grades to very ' fine
gray, very silty, noncalcareous, ir- grained; micaceous; carbonaceous
regular fraetirg, with patches and streaks lacking. A 1l-in. umit' 7 ft
thin_g,irrﬁglar lenses of sandy silt- below top of core has abundant car-
stone which are abundant in upper ‘ ‘bonaceous gartings. ’
part but rare in lower part. Patches Note .| Amount of rock recovered for cores 11
) of carbonaceous material common in through 16 does not agree with footage
upper part. Beds dip 1°-3°. cored, because the lower part of:the
4 413-423 | Recovered 10 ft: Microfossils absent. .. eore remained as a stub in the ‘hole,
- 7 ft 6 in., claystone, medium-dark- 4 snd was. covered with the next core.
 gray, very:slightly silty. and mica- 11 484-494 |-Recovered 3 ft: Microfossils absent.
ceous, noncalcareous: fracture ir- : s ~.17; Sandstone as above.
regular & conchoidal; contains small ~12 494-499 | -Recovered 6 in.: Microfossils absent.
- fragments and . flakes of carbonized i g |... - Sandstone as above.
plants in:upper 1 ft. 13- 499-500 | Recovered 8 in.: Microfossils absent,
2 ft 6 in.; sandstone, medium-light- i .1 Sandstone as above,
’gudy,jvery fine-grained, very silty 14 500-502 .| Becovered 10 ft 6 in.: Microfossils absent.
and - Iaceous, sericitic, noncal- . Sandstone as above.
careous, = massive, with  scattered 15 502-512 -|. Recovered 1 ft 7 in.: Microfossils absent.
small :patches of carbonaceous ma- : |- -Spandstone as above.
terial it upper - inch. Grades to 16 512-514 } Regovered 10 ft 6 in.: Microfossils absent.
fine-grained, very sericitic, and mi- - Sandstone as above, slightly calcareous
caceous rock at base. Beds dip 1°— | ) |~ _in lower half,
T ST I A : 17 514-525 |- Recovered 9 ft 6 in.: Microfossils rare.

5 423-433 | Recovered: 10.ft: Microfossils rare. . -~ Sandstone as above, but noncalcareous.
; i [+ 2  ft, sandstone, medium-light-gray, ., A 6-in. unit of light-brownish-gray
very finesgrained, very silty and ar- .. - caleareous clay ironstone with con-
A .gillaceaus, very sericitic; very slightly -+ choidal fracture 1% ft below top of

calcareous in part; abundant irregu- .--gore; it is interbedded with very

lar patches of medium-gray siltstone silty light-olive-gray to medium-gray

and . medinm-dark-gray: clay shale | . claystone; beds ¥%-% in. thick and

‘dipping . 2°~8°. Grades ‘to unit be- | o lenticular, with sharp or gradational

low. . ) ' : - contacts, Near top of uppermost

8 ft, claystome, medium-dark-gray, very o+ clay ironstone bed is ‘horizon of

silty and sericitic at top, noncal- -abundant stellate, yellowish-white

careous; grades to slightly micaceous multirayed calcareous finely granular

and silty at base; irregular to con- (finely crystalline?) masses % in.

choidal ffacture. Top of Grandstand diameter.. Slickensides present at

s formation at 425 ft. . base of clay ironstone. Basal 2 ft of

6 433-443 | Recovered 10 ft: Microfossils very abun- | sandstone contains a few %- to l-in.

: nt. : .beds. of medium-dark-gray slightly to

Claystone, medium-dark-gray, noncal- . verK silty noncalcareous- clay shale,

careous;-.conchoidal fracture; a few with eommon silt laminae dipping

- imperfect specimens of Corbula sp. about . 3°. Slickensides present in

: fowi at 435 1t. : : some clay shale beds.

7 448-454 | Recovered 10 ft: Microfossils abundant. 18 525-533 | Recovered 8 ft 7 in.: Microfossils abun-
“ - .4 Claystone as above; silty in ‘?m, plant dant.

fragments at 445 ft0 ery  small 1 ft 7in., sandstone, medium-light-gray,

- . slickensides at 451 ft, and 7-in. unit very fine-grained, silty, argillaceous,

. of light-brownish-gray slightly cal- serieitic, noncaleareous,” with abun-

- careous .clay ironstone at 452 ft; dant, faint carbonaceous partings

- Pottom 2 in. of core silty, micaceous, commonly marked by - carbonized

: -and-carbonaceous. plant fragments. - Rock breaks along

8 454-464 | Recovered 10:ft: Microfossils very rare. partings, which dip 4°. Thin irreg-

: Claystone as above, with small slicken- ular beds and laminae of medium-

sides, - . dark-gray clay shale in lower part,

9. Recovered 10 ft: Microfossils absent. +increasing from rare to abundant

464-474

2 f§- 4 in., interbedded medium-dark-
gray -clay shale and medium-light-
gray very fine-grained sandstone;
‘beds-are %—1 in, thick with irregular,
sharp contacts and are approximately

hialf shale and half sandstone.

with depth. Grades into unit below.
7 ft, claystone, medium-dark-gray,
slightly to very silty, noncalcareous,
with irregular fracture. Lower part
of core contains irregular beds and
minute lenses of very fine-grained
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-553-563

very argillaceous lammae and part-
ings that dip 8%
Recovered 9t 7 in.: Mlcrofoesxle a,bun-

ant. IR |
Clay ghale, medium-dark:gray; slightly

silty in part, noncalcareous; scattered
‘tarbonized plant fragments -Faint

* -gilty laminae rare; poor shaly clea¥v-

" age’ suggests 2°~3° dip. Bottom 2
‘in.’ of carbonageous very:mieaceous
silty clay shale. A 14<n.héd of"

. medium-light-gray fine- to very fine-
- grained sandstone 3 ft below top of .
core. Pelecypod shell “fragments”
i< presend:at top.of core, and speeimen |

573583

. ssao0n |

.2 ft, claystone, medium-dark-gray, very :

it e of Afetica? sp, Bb 562
563-573

Recovered 10 ft: werofossﬂs common.

Clay shale as in core 21, with' pek;gypod { -

shell (Modiolus 8p.) at 566 ft. "

Recovered 10 ft: M&crofossﬂs Very rare.

5 ft 6 in., clay shale as in core 21.

4 ft'6:in., 'san stone,’ medlum-hghbgray,
very ﬁne-grained silty,- argillaceous,

“rignealdareous, -massive. : Carbona-
-céous patches rare throu
3-ih. units-1 &nd 1% ft below top con-

tain abuhdan¥ frirregular streaks’and
patches of clay shale and rare slick- -
ns;des * Beds approxmately ﬂat

'~‘Reeovefed ?;0 ft: Microfossils very rare.

© 8-ft, sandstome,  medium-lig

- gillaceous,
- moderately caleareous,. w:th t'a,mt

- laminae and thin beds of sandy silt-
stone ‘and micaceous . carbonaceous !
piirtings that ‘dip.3°~5°.  With depth :

migaceous,

v and very caleareous. ;
Grades into unit below. ]

silty, micaceous, caloareous; umform
with conchoidal fracture. '

ghout;, Two .

y -
“very fine-grained, very mlty engm -

4 sandstone becetnes very silty, me- |
- dium  gray,

£

I 1tbologzc dewri—ptwn——canﬁnued
Core Depth (feet’w“ =t Remarks Core Depth (feet) Remarks -
A ‘ medium-ligh sandstone . and 25 : -593-603 | Reaovered:8 ft:- Microfossils absent. .
R : ‘medium-gray tstone %1 in. thick Claystoge, medium-dark-gray, shghtly
a8 | v« - that-dip-about 6°.  tol very.silty, micaceous, slightly cal-
19 “Redovered 9ft: Mierofossils ab&nt . @areous,*” uniform, with conchoidal
SR § - 41t 3in., 'claystone, medium-dark-gray, | ¢ R fraeture.
Loyery sllty, nonecalcareous; micaceous, | | 26 . 608-611 | Recovered 8 ft: Microfossils rare.
pyritic; “with scattered carbonized | ~ i |- - Clay ghale, similar to claystone in core
. “plant fragments throughout; irregu- : 25, but: with silty micaceous partings
Teo fdgifracture. . ¢ * that give the rock poor shaly cleav-
4 f4:10 in., sandstone, medmm-hght- - age dipping 2°-3°.
T gy, very ﬁne-gra.med, very  silty £ 611-640- | .Clay.::shale, medmm—dark-gray, very
‘v -and argillaeeous, micaceous, noncal- | - RIS 2 slightly :silty in part; very slightly
i T careous, -with slickensides in upper 6 e 24 caloareous.. :.
v ; o ~Patches and partings of .earbo- 640-649" | Biltstone, ~ medium-gray, argillaceous,
= pe naceous material and mediura-dark- | : -1 satidy;. ealeareous.
e ©ogray ‘clay common in upper part; rare 649-659 Reecvered 10 ft: Microfossils abundant.
- in- lower part. Laminae - and _thin N .+ Clay shale, medium-dark-gray; very
e * " ’beds of claystope common in basal 1 shghtly silty in part; noncalcareous;
; i fty dip 1°—4°. rare gilty laminae are slightly ecal-
Redowsred 10 ft: Microfossils absent. 1 eareous;-dip 2°-3°.
‘Claydtone, medium-dark-gray, slightly { = 28 659—669 Recovered 10 6. Microfossils common.
to very silty, noncalcareous; subcon- | Clayishale ‘as.above; dip 1°-3°.
*ghoidal fracture mth faint partings; | -» 29 669—678 Recovered 714 6 in.: Microfossils abundant.
:frregular ' lenticular beds (less than | i - 5 ft, claystone, medium-dark-gray, non-
“half an inch ‘thick) of medium-gray o ealeareous, grades from very slightly
-giltstone- and .very fine-grained sand- gilty -at top to very silty at base;
o *.‘gtone, -totaling 10-50 pereent of the { - conchoidal fracture.
o s rook, and dipping 2°-5% Ca.rbona— - -2 ft 6in., sandstone, medium-light-gray,
A ‘ceous parti present Sand- 8 ' very ﬁam&xned very silty and ar-
- gtone absent in lower Jpart of core, | +- cvs - Fﬁacebus, 8lightly calcareous, with
“and silistone! présent in -faint even | I - e aminae:and thin beds medium-gray

.lightly. ealeareous siltstone and me-
dium-dark-gray clay shale that are
commonly crossbedded or wavy; dip
#3912
Recovered £44 2 1 m not sampled for mi-
- crofossils. - x
Claystonse,’ medlum-dark-gray, slightly
- to vepy silty, micaceous, noncalcare-
ous;-irrégular fracture, ‘with streaks
and irregular lenses of medium-gray
- very-argillaceous siltstone.
Recovered 10.ft: Microfossils rare.
5 ft, playstone ag above but very silty;
adesanto unit below.

o Beftf sandstone, medium- to medium-

hght-gray, very fine-grained, very

- gilty-and argillaceous, mieaceous, non~

- caleareous, with rare to common thin

- bedd,: strea.ks and irregular patches

= of medlum-gray siltstone and patches

of elaystone 'in upper -4 ft. Basal

foot uniform, massive. Sandstone

~composed of subangular grains of

clear and white quarts, with some

dark xock fragments carbonaceous

articles;: and - abundant sericite.

u*%&leeﬂwd ‘Protoéardia dp., was iden-

‘tified: irom 696 ft,

Recevered 16 ft: Microfossﬂs very rare.

* 10:in.; sandstone, as at base of core 31.

1 #6'3 in., sandstone as above but with
. small lrregular patches and streaks of
- giltstone and clay shale %-1 in. long
agd less .than }{}; in. Wlde, dlppmg
2°-12,

11t 4in,, sandstone as at top of core but
shghtly ealcareous.

2 in., claystone, medium-dark-gray,
very slightly sxlty, with conchoidal
fracture.

3 ft; sxltstone, medium-gray, very argil-
laceous;- very sandy in part; streaks

- »»..:ofmyeellcmsh-gray slightly calcareous

i gilty elay ironstone; grades to silty

claystone at base,
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Lithologic description—Continued.

. afgillagBoys, no :

Wl%l 'éi_'iml%ant irregular patches of
.. clay shale; grades into unit below.

3 1.6 in., claystone, medium-dark-gray
Z:;g sllty,,:slightiy carbonaceous and
rbonaceous and pyritie, massive;

irregular fracture. Claystone con-

iagn.s coaly plant fragments in lower

Depth (feet) 8 Remarks Core Depth (feet) Remarks

3 ft 5in., sandstone as-at top of core but 4 ft, intermingled irregular laminae,

slightly silty. A few faint argilla- i lenses, streaks, and paiches of me-
e ceous. laminae rare to common; they dium-light-gray, very fine-grained
: " . arecrossbedded in part and dip 1°-5°. .sandstone, medium-gray siltstone,

707-710.} No sample. i and medium-dark-gray clay shale, in
710-720 | Siltstone, medium-gray, argillaceous, :+; . about equal quantities.

oo sandy.. s 1 ft, sandstone, medium-light-gray,
.720-809 | Clay ,sfmle, medium-dark-gray, slightly . fine-grained, silty, noncaleareous,
.. . I+ to very silty, noncalcareous, - . ) ) massive, with rare carbonized plant
" 809-819 | Recovered 10 ft: Not sampled for micro- L fragments.

s o fossils, . 39 868-878 (Recovered 9 ft 6 in.: Not sampled for

1 2in,, claystone, medium-dark-gray, very v ... microfossils,

-_silty, irregular fracture. " Sandstone, light-olive-gray, fine- to

‘9 ft 10 in., sandstone;, medium-light- medium-grained, silty, argillaceous,
gray, very fine-grained, silty, argil- noncalcareous, massive, uniform;

- laceous, noncalcareous, massive. composed of subangular to sub-
Laminae, streaks and patches of rounded clear and white quartz with
medium-gray siltstone and medium- some gray and dark rock fragments,
dark-gray claystone scattered ) ~ Olive-gray color caused by faint oil
throughout. bundant minute stain.

.(about one-sixteenth of an inch thick, 40 878-888 | Recovered 6 ft: Not sampled for micro-
and less than one-fourth of an inch fossils,
. long) Ienses of yellowish-gray clay Sandstone as above but medium light

. . ironstone color the sandstone yellow- ] | .. gray.

B . ish between 815 and 818 ft. Beds 41 - 888-808 | Recovered 10 ft: Microfossils absent.
. . dip about 1°, Sandstone as in core 40; grades to fine-
.. 819-829 | Recovered -8 ft 10 in.: Microfossils -grained, with faint silt laminae and

- common. partings that dip 4°-9°,

Sandstone, as above, with abundant 42 898-901 | Recovered 2 ft 6 in.: Microfossils absent.
small irregular patches and faint, --Sandstone, medium-light-gray, fine~ to
even laminae of siltstone and clay very fine-grained, silty, argillaceous,
shale; laminae dip 6°, Streaks of noncalcareous, massive, with very

. brownish-gray clay ironstone rare to rare %-in. beds of medium-dark-gray

) common in bottom 4 ft. claystone. Composition similar to
829-838 | Recovered 6 ft 8 in.: Microfossils abun- 1 that of core 39. Co
o .. dant. ‘ 43 901-911 | Recovered 8 ft 6 in.: Not sampled for
3 ft 8 in., sandstone as above, with mierofossils.
patches of claystone becoming abun- Sandstone as above, very uniform, lacks
dant with,depth and grading into— ) clay shale beds.
3 ft,  claystone, medium-dark-gray, 44 911-919 | Recovered 8 ft.: Not sampled for micro-
slightly, silty, noncalcareous; poor ‘ fossils. -
R : conchoidal fracture; 4-in. bed of silt- Sandstone, medium-light-gray, very
o . stone at, base. N : fine-grained, silty, argillaceous, non-
838-848 | Recovered 8 .10 in.: Microfossils abun- caleareous, massive, with faint lami-
e ok dent,, . . nae containing abundant carbona-
. & ft .10 in,, clay shale, like claystone - .-'ceous particles in lower half.

- above but with poor shaly cleavage 45,  : 919-929 | Becovered 10 ft: Microfossils absent.

dipping less than 3°., Several speci- : 1 5 ft, sandstone as in core 43; slightly
| . _ mens of Corbula sp. at 843 ft. . - calcareous in lower part.

fyl 1 ft 2/in., siltstone, medium-gray, argil 5 ft, siltstone, medium-gray, slightly to
laceous, nencalcareous, massive. . very sandy, with rare faint slightly

1 ft 10 in., claystone, medium-dark- carbonaceous, argillaceous, and mica-
gray, slightly to very silty, noncal- . .- ceous laminae; dips 4°.
careous, irregular to conchoidal frac- 46. . 929-939 | Recovered 8 ft 7 in.: Microfossils common,
ture, with rare thin beds of siltstone Siltstone as at base of core 45. Beds of

e in central part; specimens of Corbula - - medium-dark-gray claystone 2 .in.
) o oo b sp.atbase, . ' " thick rare in lower part; slickensides
.., ; 848-858 | Recovered 10 ft: Microfossils abundant. - near base of core.
Soenn ] 963 in;, clay shale as at'top of core 36; 47 939-949- | Recovered 10 ft: Microfossils common.
) - dip about. 3°; very silty at base; .Claystone, medium-dark-gray, very
s ades into unit below. _ silty, with patches and streaks of ar-
9 in,, siltstone, medium-gray, argilla- - gillaceous medium-gray siltstone and
4 ms;,rqq;gcafqareoust with abundant | . -“an 84dn,. bed of argillaceous  sandy
lrr:‘ﬁulaqk atches and streaks of medium-gray siltstone with faint car-
g et o] mediume=dark-gray claystone. ‘bonaceous partings in basal foot of
... . 8b8-868 | Recovefed 10:ft: Microfossils common. core. Partings dip 10°~12°. Slicken-
. 1'ft @ in,, siléstone, medium-gray, very - sides rare in claystone.
i nealoareous, massive, 48 949-959 | Recovered 8 ft: Microfossils very abun-

dant. : .
2 ft'5 in., sandstone, medium-light-gray,
. fine- to very fine-grained, silty, argil-
laceous, slightly micaceous, noncal-
caréous, massive; composed of sub-
angular clear and white quartz with
rare dark rock fragments.
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Core Depth (feet) Remarks Core Depth (feet) Remarks
5 ft 7 in., claystone, medium-dark to 62 | 1,086-1, 096 | Recovered 10 ft: Microfossils absent.
dark-gray, slightly to very silty, : 4 ft 6 in., sandstone as above, with thin
partly carbonaceous, noncalcareous, beds siltstone and clay shale at base.
. with streaks of siltstone; irregular. 5 ft 6 in., claystone, medium-dark-gray,
: fracture. . very silty and micaceous, noncal-
49 959-969 | Recovered 10 ft: Mierofossils very abun- careous; irregular fracture; carbon-
: dant. ized plant fragments. Top of Topa-
Sandstone as at top of core 48 but fine : goruk formation at 1,090 ft.
grained, grading to fine to medium .63 | 1,096-1, 106 | Recovered 10 ft: Microfossils abundant.
grained at base of core. A 1-ft bed ’ Claystone as above.
of silty claystone at 962-963 ft and 64 | 1,106-1, 117 | Recovered 2 ft 6 in.: Microfossils very
1 ft of dark-gray carbonaceous clay rare.
shale with very poor shaly cleavage Claystone as above.
zka;t 964-965 ft, with coaly layer at 65 | 1, 117-1, 127 | Recovered 3 ft 7 in.: Microfossils very
ase. o rare.
50 969-979 | Recovered 10 ft: Not sampled for micro- Siltstone, medium-gray, argillaceous,
. fossils, sandy, noncalcareous, with common
Sandstone, medium-light-gray, fine- to thin beds of medium-dark-gray clay
-very finé-grained, noncalcareous, shale and carbonaceous laminae
massive, uniform. ; dipping 4°.
51 979-989 Recofvergld 10 ft: Not sampled for micro- 66-{ 1,-127-1, 137 Recofvereld 3 ft: Not sampled for micro-
ossils, ossils.
Sandstone as in core 50, with rare irreg- Siltstone, medium-gray, argillaceous,
ular carbonaceous streaks. : sandy, noncalegreous, very mica-
52 989-1, 600 | Recovered 8 ft 6 in.: Microfossils ahisent. ceous, with rare thin beds of claystone
. Sandstone as above. ’ and very fine-grained very silty
53 | 1, 000-1, 010 | Recovered 8 ft; Not sampled for micro- argillaceous micaceous noncalcareous
fossils. sandstone totaling 10 percent of core.
Sandstone as above. Rare carbonaceous partings dip 4°.
54 | 1,010-1,017 [ Recovered 8 ft: Microfossils absent. Light-yellowish~gray clay ironstone
| Sandstone as above, grades to very fine nodules as much as 1 in. across are
grained at base; common carbona- rare.
ceous and argillaceous laminae, some 67 | 1, 137-1, 147 | Recovered 9 ft: Not sampled for micro-
of which are crossbedded dip 1°-22°. fossils. .
55 | 1,017-1,027 | Recovered 9 ft 7 in.: Microfossils com- : Siltstone as abeve, with a dip of 4°.
mon. 68 | 1, 147-1, 157 | Recovered 10 ft: Microfossils common.
Sandstone as at base of core 54; 2-ft 2 ft 6 in., siltstone as above, grades into
bed- of fine-grained sandstone 4 ft unit below.
above base of core, with 1-ft bed of 7 £t 6 in., claystone, medium-dark-gray,
. claystone below the bed. very . silty, noncalcareous, irregular
56 | 1,027-1,037 | Recovered 6 ft 7.in.: Microfossils com- fracture, with carbonaceous patches
: mon. and carbonized plant fragments.
Sandstone, medium-light-gray, very 69 | 1, 157-1,167 | Recovered 5 ft: Not sampled for miero-
" fine-grained, silty, argillaceous, non- fossils.
calcareous, carbonaceous, massive; Claystone as .above; pelecypod shell -
mieaceous laminse rare. fragments rare 24t below top of core.
57 | 1,037-1, 047 | Recovered 10 ft: Not sampled for micro- A 10-in. bed of medium-gray argilla-
) fossils. : ceous noncalcareous siltstone 1 ft
Samdistone, medium-light-gray, :very 1 ahove base of core.
fine-grained, - very silty and argil- | ~ 70 | 1, 167-1, 177 | Recovered 9-ft 6 in.: Microfossils abun-
laceous, slightly micaceous, noncal- . ~ dant.
careous, massive, uniform; composed Claystorie as above; uniform.
of “‘subangular grains of clear and "71] 1,177-1, 187 | Recovered 8 ft: Microfossils common.
white quartz, with rare dark rock ) Claystone ‘as above; slightly to very .
) fragments. silty.
58 | 1,047-1, 057 | Reeovered 10 ft: Not sampled for micro- 72 | 1, 187-1, 197 | Recovered 10 ft: Microfossils abundant.
S : fossils. . |, Claystone as above, very silty and
Sandstone as above. 1% - micaceous. A2-in.bedof light-gray
59 | 1,057-1, 687 | Recovered 3 ft 11 in.; Microfossils absent. very fine-grained very silty and argil-
Sandstone as above, with rare faint laceous calcareous sandstone at 1,194
argillaceous or skightly carbonaceous , ft. Pelecypod shell fragment at 1,196
laminae dipping about 4°. ) S ft. :
80| 1,0087-1,078 | Recovered 7 ft 11 in.: Not sampled for 73 | 1;;197-1, 206 | Recovered 8 ft 6 in.: Microfossils com-
: - microfossils. . mon. . )
S8andstone as in core 59 above; laminae B Claystone, = medium-dark-gray, very
dip 1°-11°. Basal 1 ft of core has silty and micaceous, noncalcareous;
rare thin (4-1 in.) beds of medium- B - ) irregular fracture.
. dark-gray silty clay shale. 74 | 1,206-1, 208 | Recovered 1 ft 6 in.: Microfossils com-
61 | 1,076-1, 086 | Recovered 9 ft 11 in.: Not sampled for . i mon.
mierofossils. __ Claystone as above.
Sandstone as in core 57, very micaceous, 75 Recovered 5 ft 6 in.: Microfossils com-

with common carbonaceous particles
throughout.

1, 208-1, 218

mon.
Claystone as above,
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Litholegic deseription— Continued. .

Core | Depth ¢ (teet) _ Remarks

76 1 1, 2}8--1 228 | Recovered 8 ft: Not sampled for miero-

. fossils. Small amount of core 76
recovered with core 77.

Siltstone, medium-light-gray, very
sandy and ar, illaceous, nonealcareous
to slightly calcareous, with faint car-
bonaeeous or atglllaceOus laminae

: ) . dipping 19-14°.
‘77 | 1,228-1, 236 | Recovered 9 ft .6 in.: Not sampled for
. i microfossils. Ihcludes small amount
of core 76.
Siltstone - as above; slickensides 6 in.
: i above base of core.

78 | 1,236-1,247 | Recovered 10 ft: Microfossils common.

Interbedded siltstone and claystone as
above; beds are %-8 in. thick, with
sharp or gradational contacts; rock
about half siltstone. Carbonaceous

. laminae dip 1°-5°.

79 | -1, 247-1, 257 | Recovered 10 ft: Microfossils . common.

’ ‘ ", | Claystone, medium-dark-gray, slightly

: to very silty, noncalcareous with
irregular fracture.

. CORE ANALYSES
By GEORGE L. Gares, U, 8. Bureau of Mines

CORING PROCEDURE

Umiat test well 9 was cored using the rotary method
with oil-base drilling mud containing a dissolved chemi-
cal tracer which provided a means of determining the
extent of invasion of oil filtrate from the drilling fluid
into the eore during the cering. operation. Thus, the
volume of oil and water in the reservoir sandstones was
determined as accurately as possible. Because the
filtrate from an oil-base mud is oil, not water, the water
content of the cores cannot be contaminated by the
filtrate from the drilling mud. When each core was
removed from the core barrel, samples were selected
from the recovered sandstone. The samples of core
were wiped free of drilling mud, wrapped in aluminum
foil, placed in a tin can, and the annular space was
filled with paraffin. The can was then sealed for sub-
sequenit analysis of the cores in the Bureau of Mines
laboratory in San Francisco. The oil-base drilling mud
was sampled during the cutting of each core so that
the quantity of chemical tracer present in a unit
volume of drilling mud filtrate could be measured.
(See table p- 162.)

CORE‘AN ALYSIS METHOD

In general the method of analyzing these cores has
been described in detail by Gates, Morris, and Carra-
way (1950). Briefly, the method consists of selecting
a center section of the core sample and determining
-the following properties of the sample: Total porosity,
oil content, water content, drillmg—mud filtrate con-
tent, chlonde concéntrafiion In the interstitial water,
air pelmeabxhty, and denmty of the sand grains,

_TEST WELLS, UMIAT AREA, ALASKA : 161

The permeability to water of a few samples of reser-
voir rocks was measured ; this step was followed by de-
termination of the permeability to oil of the water-
contaminated samples. The permeability of horizontally
adjacent core samples also was measured, using kerosene
as the flowing liquid.

RESULTS

Data obtained. in the analysis of these cores are
tabulated in tables on p. 161-164. The sandstone
sections having the most favorable porosity and per-
meability are found between 466 and 478 feet, 866 and
908 feet, and 964 and 972 feet. (See following table.)

Average properties of sandstone cores

Porosity Water Air
Depth (feet) (percent of content Oil (bbl per | permeabllity
bulk (percent of acre-ft) (millidarcys)

volume) pore space)

466479 ... 16.4 40.8 7 64
866-908.. . . ____._ ... 15.7 52.9 ’ 124
964-972__ ... 14.7 4.9 640 61

The oil content expressed in barrels per acre-foot
was calculated from the core-analysis data by assuming
that all the core volume not occupied by water is
filled with oil.

Although the foregoing sandstone cores were found
to be the most permeable to oil and air, it is significant
that a total of 173 feet of sandstone cores bled Umiat
crude oil after they were removed from the core barrel.

Therefore, it may be concluded that the sandstone is .

capable of yielding crude oil, even though the flow of

| oil entering the well may be at a low rate.

The water content of the sandstone at 866-877 feet
is unusually high. This is particularly surprising
because this oil-bearing sandstone has the highest
air permeability found in the cores from this well.
However, it is believed that the reported water con-
tents of these cores are accurate. The well produced
dry oil, indicating that the water in the sandstone is
mmmobile when oil flows through the sandstone.
Accordingly, it is reasoned that the water in the sand-
stone also was immobile when the filtrate from the oil-

‘base drilling fluid entered the sandstone and that the

water found in the core is interstitial water present in
the formation when the cores were cut. The produc-
tion of dry oil from the sandstone having an unusually
high water content may be the result of immobile water
in the permafrost.

To determine whether or not filtrate from the oil-
base drilling fluid entered the cores, the oil in each
core sample was analyzed for its chemical tracer
content. By this means the volume of drilling fluid
filtrate in the core samples was measured. The results
of the core analysis indicate that very little oil filtered
into the cores.
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. To determine whether:dxiﬂingwmud,ﬁltratésghtered ;
the. cores from the sides of the cylindrical core towards

the center, 6. core samples were cut along a diameter.
The part.of core cut along a diameter was divided into 3.

parts—2. from. outside sections and.i3 from:the.eenter.

section of the core. Data from all 3:sections are given
in the table on p. 162. The subscripts , and . indicate
opposite outside sections of the core and.subsefipt
v indicates the center section. As shown i the:table,
the; large volume of filtrate in the. outside : sections-
of the core when compared with smaller volume in: the
center sections indicates that radial filtration into' the
cores took place. However, it is believed that the
entry of oil-filtrate from the mud did not move water
from the cores, because dry crude oil moved through the
pores in the production of oil from this well. There-
fore, if crude oil can move through the sandstone with-
out moving the interstitial water, it is reasonable to
believe that oil-filtrate from the oil-base drilling mud
may enter the pore space without moving interstitial
water. N ) ‘ .

In an effort to learn the effect of water qn. the
permeability of this sandstone to oil, a series of tests
were made in which the following procedure was fol-
lowed, A fresh core sample from the can sealed at.the
well was mounted in a low-temperature-setting plastic
that is claimed to be inert to water and kerosene.
The permeability to the flow of kerosgne was measured
with the interstitial oil and water present in the core.
Next, the permeability of the core sample to water, was

Core zan'dli{ées; Umiat test well 9

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

“measured and in making this test water was added to
- the sandstone to simulate the invasion of water into a

sandstone where & well is drilled with water in the hole.
The permeability of the sample containing the in-
creased volume of -water was measured by flowing
kerosene through the core.’ :’ .

‘The results of these tests on four core samples having

‘a wide range of permeabilities. are shown in the table
on p. 164. In all four' tests. the permeability to oil

was greatly reduced by the addition of water to the

-sandstone. v 7
- It has been observed in the study of cores from many
fields that generally the permeability of sandstones to

the flow of air is.greater than their permeability to

oil; particularly if the tests using oil are made on core
‘samples which contain interstitial water. Because the
flow of crude oil into the well must be through the

reservoir sandstone containing interstitial water, a
series of tests was made measuring the flow of kerosene
through fresh core samples mounted in plastic.

The properties reported in the table on p. 164
under the boxhead Adjacent. permeability A sample
were measured on a core sample that was horizontally
adjacent to the sample’ selected for core analysis.

-'This adjacent sample.was submerged in oil immediately

after it was cut from the core and before it was cast in

. & low-temperature-setting plastic. “As a result neither
- the interstitial water nor the swelling of the clay was
‘altered as it inevitably would be if the sample was

dried.

" [Analysis by U. . Bur. Mines]

Jdquid conteng. .- o
R : Porosit; . céntration
s‘a?xfég: M Percent pare space . ﬁ&ent? s ::er‘ (pa':-i:: ‘ .- Gore description - . -
e ~ A e
(| Rolol | Weier | Drifingguia - R R i

492.5¢) 412 8,79 14, 19,100 | Fine-grained hard sandstona.

466. 5. 10.1 47.9 2 19. 2,770 Fme(;tgrained "hard " sandstone,

467.5 {0 1201 B4 8 -1 3,410 Do,

468. 5 12, ...50.4 - .20 3, 180 * Po.-

469.5 " 23, " 36.8 . 18 5,430 | ... Po.

470.5, | - 2904 29.1 ;000 {718 3,920 | . Do.

'478"'5" . 26.0 .38.5 44 8701 18 3, 710 “Do, - .

470.5, |7 279 315 432 990 .18 5,290 Do. " .. .l
14%1.5 3l 0394 379 780 16 3, 680 Fige};ga:mﬁd hard sandstone,

. : s oy F . S o I o : 3 EAE 4V} ok ¢

g5 IR L T 8500 2. 60 680 | 13, 6,200 | . Do.

473.5 27.1 34.7 2..69 920 18 , 640 “ Doi'*

474.5 28.3 25.5 .62 850 14. 9, 660 “De.;

475. 5, 35.6 38. 2 12.0 640 13. 4, 080 Do. -

475. 5y, 33.1 39.7 1. 55 840 13. 4, 620 Do. ;
475, 5 36.9 30. 4 13.9 750 | 13 5,260.| . Do.

476.5 |. 1568 | = 45.8 . 54 660 | 15. 3, 000 Do.
By, &I SRE TOF B RICE VAN ] .83 610 12. 4, 690 Do.
ﬁgs - 22,4 | .45.2 .| ..70 530 12. 4,.000 Do.
C4fe sl 1087|435 ¢ .53 13 10, 100 Do.

*'§dé'footnotés at end of table.
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Core analyses, Umiat test well 9—Continued
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- Tquid eonfent Sodium chloride
y . Horizontal per-
Porosil i ration in
sa]gﬁﬁteg ?§n Percent pore space (peroentf %f ““““,’1‘2,‘0’3,5‘“"‘“‘ cong{nmmm Core description
feet 0il bulk vol- —_— weater, (parts per
(bbi per acre- ume) Dry air raillion) 3 4
Total oil Water Drilling fluid D)
filtrate
480. 5 30. 2 32.0 0. 30 630 11. 9 0.25 9, 020 Fme-gramed hard sandstone,
bleeds oil.
481.5 32.6 - 40. 2 .31 480 10. 4 .41 7, 370 Do.
482.5 22.2 33.7 .37 720 13.9 1.0 6, 720 Do.
483.5 29.7 37.8 .30 560 1.5 .93 6, 240 Do.
484. 5 51.5 38.2 .70 360 7. 54 .08 11, 600 Do.
485. 5 41.6 . 48.2 .68 310 7.76 .20 10, 500 Do.
486. 5 34.2 47.7 .70 880 9. 24 1.4 8, 950 Do.
492. 5 38.2 60. 3 . 69 280 7. 57 .20 7, 550 Do.
493. 5 20. 1 610 . 62 280 9. 12 .37 5, 360 Do.
494. 5 18.3 64.0 .52 250 9. 06 .44 5, 840 Do.
495. 5, 2L 5 59.6 6. 84 800 9. 47 .28 5, 030 Do.
495, 5, 15.7 65. 7 . 40 230 8. 68 .25 4, 970 Deo.
495. 5, 26.1 63.0 8. 92 240 8.41 .26 6, 220 Do.
496. 5 14.0 64. 8 .31 250 9. 19 .16 4,270 Do.
497.5 113 58.5 .34 830 10. 1 . 50 5, Do.
498.5 14.7 61.3 . 62 280 9. 30 .12 7, 520 Do.
499.5 17. 3 65. 0 .47 280 8. 64 12 6, 240 Do.
500..5 18.0 51.9 .24 380 10.1 . 13 3, 570 Do.
501. 5 18.5 61. 4 .18 250 8. 29 .13 3, 340 Do.
504. 5 21.6 84. 2 . 66 90 6. 91 .13 3, 650 Do.
507. b 24.1 100 R ¥ I I 5.04 .06 3, 650 Do.
510. 5 Trace 100 Ry (S P 2. 61 .0 5, 820 Do:
582. 5 20. 1 63. 1 .22 260 9.23 .23 3 850 | Very fine-grained hard sand-
stone, bleeds oil.
866. 5 17.1 89.7 3. 66 420 13.3 25 2,870 | Fine-grained hard sandstone,
. bleeds water.
867. 5 8. 26 72.1 1.21 330 15. 4 56 1, 840 Do.
871. 5, 17. 9. 42. 5 11. 48 790 17. 8 220 1, 500 | Fine-grained sandstone, bleeds
water,
871. 5, 10.1 62.3 1. 44 510 17.6 280 1,780 Do.
871. 5, 14.6 43.4 8. 59 760 17. 2 260 1, 890 Do.
873.5 Trace 83.1 1. 29 230 17.3 320 1,200 Do.
875. 5 16. 4 53.6 2. 86 670 18.5 170 1, 530 Do.
876. 5 15.7 61. 8 2.43 510 17.3 150 1, 740 Do.
880. 5 29. 6 33.6 8.49 880 18.1 190 1, 150 .
894.5 28. 6 42. 0 5.89 650 14.5 61 1,190 | Fine-grained sandstone, bleeds
. water, oil and gas.
896. 5 21.9 45.1 5. 54 630 14.8 90 1, 880 Do.
897.5 18.4 43.3 6. 43 730 16. 5 90 958 Do.
900. 5, 19.5 35.7 8.36 810 16. 2 140 1, 720 Do.
900. 5 17.9 45.4 .49 15.5 62 1,270 Do.
900. 5, 20. 1 32.0 10. 68 3 15. 8 53 6, 410 Do.
906 24.1 33.2 .32 750 14. 4 80 3, 480 Fme-gra.med sandstone, bleeds
oil and gas.
907. 5 16.0 53.0 .47 550 15.1 42 2, 350 Do.
909 13. 6 52.9 .74 510 13.9 8.1 1, 350 Do.
950. 5 12. 2 39.1 1. 45 860 18. 8 29 7,310 | Fine-grained silty sandstone,
) - bleeds water.
964. 5 24. 8 40. 8 1.03 650 14. 1 2 7,270 | Fine-grained hard sandstone,
bleeds oil and gas.
965. 5 17. 6 57.9 2. 08 510 15.5 97 3, 660 Da,
968. 5 27.2 36.0 1.33 760 15. 3 65 4, 950 Do.
975 10.4 |  62.7 .62 340 11.9 5.5 5, 540 Do.
977 9. 10 67.3 .23 320 12. 6 12 5, 570 Do.
978, 9. 38 55.3 2.30 430 12.5 9.1 5, 810 Do.
978y 6. 99 56.5 .20 420 12,3 5.2 5,920 Do.
978, 15.6 51.5 7.27 440 11.8 6. 4 6, 540 Do.
995 9.09 59.0 .32 290 9. 21 1.4 7, 180 Do.
1,003 7.27 8§7.7 .41 391 11.9 1.4 7,960 | Very fine-grained hard sand-
. stone, bleeds oil and gas.
1, 013 4. 29 81.9 .39 107 7.59 13 7,200 | Wery fine-grained hard silty
sandstone, bleeds oil and gas.
1,040. & 16. 7 61.0 .21 300 9. 85 .39 7,400 | Very fine-grained hard sand-
stone, bleeds oil and gas.
1,043. 5 7.37 64. 4 .27 290 10. 5 .22 6, 610 Q.
1,045.5 8. 53 66.7 .26 270 10. 3 . 60 3, 800 Do,

1 4 and o indicate opposite outside sections of core, and b
2 The barrel per acre-ft of

3 Thea

ity of

ofl was obtained by
53 samples with

ilities equal to or

g center section.
olgg that all of the pore volume not occupied by water is fllled with oil,

greater than 1

darcy i3 60.1 miilidar

0y8,

Verage
¢ The average permeability of 38 samples with permeabmties equal to or greater than 10 millidarcys is 93.2 millidarcys.
423224 —58-——T
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Study of the data in the table indicates that the
effective permeability to oil was approximately the
same as the air permeability and that the water content
of the adjacent core sample had decreased during the
test procedure, probably going into ‘the low-tempera-

Permeabilities of cores from Umiat test well 9
[Analysis by U. 8. Bur. Mines}

Liquid L
content Adjacent permeability sample
sample :
Depth ! of
sample in )
feet Dry Air | Water - | Effective
permesa- | content. germea- Dry afr Drﬁoﬂ
bility | (percent flity to | bility (mili. bility
(milli- | of pore | ofl (milli-
dareys) volume) da.rcys)
0.70 No ﬂow_A - No flow
150 68
120
81
41
43
50
89
120
27
56
20
40
45
29
21 23
5.1
3.7 43
5.0 6.5 | Noflow.___ No flow
.25 .24 No flow.._| .23 No flow
ALY I No flow
L0 25 o flow
B3 10 No flow
.08 23 | Noflow__._| .04 No flow
.20 No flow___} . Na flow
1.4 No flow___| .30 No flow
.20 Noflow.._| . Noflow
.37 No flow....{ .65 No flow
g No flow_..{ .40 No flow
.25 No flow
.28
.16 No flow
801 No fiow
L1231 89 No flow
.12 11 .. { Noflow_.{ . o flow
.13 1.5 | Noflow._..|] . No flow
.13 7.2 | Noflow.__| .09 No flow
.13 15 *: | Noflow_._| .24 Noi flow
.06 49.0 . | Noflow_._! .t No flow
.0 17 No flow.___| No flow
.23 39 No flow_._| .83 No flow
866,85 25 18
f [ SO S 34
. 220 feceeeoslobiooo
. 280 Broken sample
. 260 |oil A
.5 320 260
875. 170 160
3 150 120
5. 190 : 150 .
X .6 Laa] 41 Broken sample
£96.5 90 L1 174 31 4
897.5 90 8.6 | 57_. 66. ]
900.5 140 [ .
900.5 62 90 | 37 110. 110
900.5 53 . :
906_ 80 2.9 | 81_ 30. 29
907.5 42 b IR I T 54 oo ‘54
809 _. 8.1 18 .} S 48 el 42
950.5_ 29 9.2 80. 15 14
964.5_ 20 3. 30. 25. 14
965.5._ 97 3.0 149 78 183
%s‘q 65 . 9.4 .| 81 43 48
5. CBs | %4 S BB imemccen 3.9
77, 25 VRN NEERNIENE I 13 12
978 ». i 9.1
82 2 Noflow_..| 6.1 . camaoaacae 4.4
o718 Ry :
1.4° 421 . [ 1. R, 1.9
1.4 9.2 .
.13 13 13,
.39 14 :
.22 15 ¢! | No flow_ -
.80 24" | Noflow...]| .

1 ,and ¢ indicate opposlte outside sections of oore, ana»péhdjcatua eanter Beotlon.
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ture-setting plastié used in these tests. Owing to
these difficulties, the test results are of little value
except to show that no oil flow was obtained from

sandstone beds (462-582 ft and 1,013-1,046 ft), under

the above conditions. With this information in mind
and judging from the core description, the sandstone
beds from 1,046 to 1,257 would also be virtuslly

impermeable to the flow -of oil.

To determine the relative effect of air, oil, salt water,

| and fresh water on the permeability of some of the

samples of this sandstone, six samples were selected for
a series of tests. The samples were cleaned of water

| and oil, and then the permeability to dry air was

measured. They were filled with kerosene, and the
permeability to %-normal sodium chloride solution was
found to be somewhat less than before. Finally, the

| permeéability to distilled water was measured and was
| found to be considerably less than the previous permea-
bilities,

The results of this series of tests (table below) in-
dicate that water, particularly fresh water, lowers the

| permeability of these sampleé»to values less than those

Adir, od salt water, and fresh-waber permeabtlmes of selected cores,
Umdat test well 9

[Analysis by U, 8; Bur. Mines]

.. Permeability in millidarcys to—
Depth (feet) B . 0,6 normal
Dry air- 0il sodium Dlstllled
A ehloride water
solution !
866867 e 2 18 15 13
867-868 - 31 34 32 30
. 873-874. 270 280 250 200
875~-876 . 150 160 140 120
880-881 - ; 140 150 130 100
90T-908. ..o - e e - b4 54 35 26

I Sampl¢s were extracted and dried before determlning permeability to salt water.

Liquid permeability (in mzllzdarcya) of selected cores from Umial

test well 9 before and after soaking in water overnight. A I-
pound pressure drop was mamtamed across the sample
{Analysis by U, 8. Bur. D/ﬂnes]
Sample from—
8705 ft. | 8765 f5. | o, | 096t
Pemeabillti be!ore soaking
; Ofl (watee phase remained immoblle). .| i206.0 | 65| 20| 21
‘Water (oil phase remained immobﬂe)-_._ o 78.1 .0 .0 .0
‘Oil permeablllty &fier soaking
E ate y after mmoval.';é.s ............ . g;-g
1 I after beginning test. oo oooor TR
B R
24 hr , test
3 br after béginning test '
434 hr after beginning test._.__- - 1.1 "_C 6.6
6 hr after beginning gest_.
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obtained when dry air o oil is flowing through the sand.

The results of:the analysis of these cores indicate
that the most permeable sandstone units lie at depths
from 466 to 478 feet, from 866'to 908 feet, and from 964
to 972 feet. They indicate that these beds average
approximately 16 percent porosity, 88 millidarcys dry-
air permeability, 47 percent of the pore space filled
with water, and 660 barrels of oil per acre-foot. The

165

660 barrels of oil per acre-foot is total oil in place, .only
part of which is recoverable oil.

The results: indicate that addition of water to these
sandstones greatly reduces the permeability to -oil.
Therefore, water should be kept away from these
sandstones to keep the permeability ‘to oil at its maxi-
mum value and assure the maximum ﬂow of oil into
the well.

Propertws of oil-base drilling fluid used in core-ccmtammatwn test at Umiat test well 9

[Analysis by U. 8. Bur. Mines]

Drilling fluid Drilling fluid filtrate
. . funnel v it .
Core Depth (feet) (xﬁﬂg%;%ﬁ:— Weight in— Water content AP (1 qt ougcos v Water TPracer
. : S content eoncen-
\ " ] (percent by| * tration
45°F TF | bfesl | Wbjeuts | Percent | Pereent |qume sec) | TomBErE | Welght) | (mefml)
JE R S 374-384 0.0 [--___._= 8.6 64. 5 10. 95: 11. 34 95 61 | iifenool Ll
L S U 413-423 .0 9 . 88 66.0 |- .8 .85 9.38 . 79 50 |- ... I 14. 2
L T ' 464474 1.3 12 9.0 67.0 9.08 | 977 83 48 1. 05 14. 7
(R 474~-484 1.1 10 9.1 68. 0 9, 07 9. 90 85 45 1. 07 14.3
b} RN 484494 1.1 10 9.2 69. 0 8.76 9. 70 95 46 .33 14.3
) ¥ S 502~512 1.1 12 9.4 70.0 8. 59 9, 65 920 44 . 82 14. 1
28 e 573-583 5.2 16 9.8 73.0 6. 92 811 72 45 .16 10. 4
38 e 858-868 20. 0 29 10. 2 76.0 3. 65 4. 45 76 48 0 4.5
39 .. 868-878 20.0 30 10. 3 77.0 3.57 | 441 69 47 0 18. 5
40 . . - 878-888 20.0 | 27 10.3 77.0 3. 64 4. 50 69 47 17. 7
41 888-898 20.0 34 10. 4 78.0 3. 71 4. 64 69 46 [_._____ 21.7
42_ Ll 898-901 20.0 33 10. 4 78.0 3.72 4. 65 69 46 o) 17,5
43 ol 901-911 21.0: 36 10. 3 77.0 4. 03 4. 98 59 45 1 15.6
48 s N 949959 21. 0 38 10. 4 7.5 4. 02 5. 00 60 46 1) 15.3
49_ .. 959969 21.0 42. 10. 4 77.5 4.29 5. 37 60 46 ® '14. 6
50_ el 9690979 6. 4 12 10. 4 78.0 4.33. 5. 42 59. 5 46 |- ____. 13. 8
52 - i 1, 895+1, 000 7.9 14 10. 5 78. 5 4. 54 5.72 57.0 46 |- 13. 4
83 e 1, 000-1, 010 7.9 10 10. 5 78. 5 4. 67 5. 88 57.0 46 |_____... 12. 8
54 ..l 1,010-1,017 |- ___... 13- 10.4 78.0 4. 41 5. 52 57.0 46 0.0 13. 2
57 o 1 0371, 047 3.4 7 10. 2 76. 5 501 6.15] 53.0 41 | ______ 10. 6
88 e 1 047—-1 057 2.2 e 72.0 | |eeoo-__. 52.0 42 | a2l
59 Ll 1 057—1 067 30 e 72.0 | el 46. 0 42 | e |eaeaaas
L 3 1 077-1 086 I I P A 5.5 |ociaa e 42. 0 45 b ez
62 oo l 086+<1, 096 41 i 59. 5 [ feemccea. 44.0 42 (il
67 o emaeee l 137—1 147 2.0 |om e 60.5 |- feeooao 48. 0 40 | e
‘he drilling-fluld fltrates from drilling fiuid samples 39, 40, 42, 43, 48, and 49 were combined, and the water content oi the combmed samples was n ble.
: Outtlngs dropphz from suspension. P P celigl

PETROGRAPHIO ANALYBEG

. In 1952 Paul D. Krynine, of the U. S. Geological
Survey, gmd John C. Ferm, of Pennsylva,ma State
College, made & 'detailed study of 13 sandstone samples
from Umiat: test well 9. The material presented here
is taken from their work.

The rocks are low-rank graywackes composed pri-
ma.nly of quartz and chert grains, with a large amount
of micaceous: material (mcludmg micaceous rock frag-
ments ‘as well as: 8 micaceous matrix), and & small
amount of feldspar and kaolin. Two samples contain
less than 20 percent qf m1caceous grains or clay-size
particles, 5 have.20-30;percent of micaceous material,

_and 6 contain more than 30 percent of it. The quartz
_grains range from silt to fine sand in size and are poorly

MNSkig.

sorted. They were. originally derived from intrusive
igneous rocks but have been reworked several times.

Inclusions such .as bubbles, and bubble trains and

microlites of apatite, biotite, tourmaline, and zircon are
rare.
of relatively coarse microcrystalline quartz and a lesser
quantity of yellow chert, fine textured enough to be
almost isotropic, except for a small amount that. is
somewhat fibrous like chalcedony. Inclusions are very
rare in both kinds. The origin of the chert is doubtful
as only rare grains contain carbonate material sugges-
tive of replacement, and nothing in the rest suggests its
source. Feldspar makes up about 4 percent of the rock.
Orthoclase, microcline, perthite, albite, and ohgoclase
are represented; the first two in some specimens as

graphic intergrowth§ with quartz. Some of the feldspar

Two types of chert are present-—a colorless kind
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is unaltered, but part is sericitized or altered to mus-
covite, and about a third (including some sericitized
grains) is kaolinized. This alteration suggests a peg-
matitic origin followed by a long period of subaerial
weathering before deposition in its present environment.

Less durable grains of similar size are composed of
micaceous rock fragments, most of which are dark slate
and nongraphitic phyllites, with some carbonized, pyri-
tized, or limonitic plant remains. Fragments of silt-
stone, badly weathered volcanic rock, and mica are very
rare. Many of these rock or mineral fragments are in
somewhat flexible tabular particles which may block
some of the pore spaces between the more rigid quartz
and chert grains.

About two-thirds of the matrix, consisting of detrital
constituents less than 0.032 millimeter in diameter, is
made up of slate or phyllite particles. Clay particles
are subordinate; montmorillonite, formed from voleanic

ash, makes up less than 10 percent of the matrix, and
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other clay minerals are very rare. Minute illite
crystals coat the surface of some quartz grains.

- Chemically deposited cement is a very minor con-
stituent of the rock. It includes secondary quartz
overgrowths, some collophane, and dolomite, part of
which is iron bearing. The mineral composition of th e
samples is shown in the table following.

A study of the relation between composition and
reservoir properties of the rocks reveals that the greater
the proportion of rock fragments and matrix to quartz
and chert, the greater the porosity. Comparisons of
grain size and sorting show them to have compara-
tively little effect on porosity; the shape of the rock
fragments and consequently their packing is the con-
trolling factor in these rocks. The sandstone samples
from this well are better reservoir rock than those in
many of the others from the Reserve because they
have less montmorillonite and ‘a lower percentage of
micaceous rock fragments and micaceous matrix.

Porosity, permeability, and mineral composition of 18 sandstone samples from Umiat test well 9
{Analysis by P. D. Krynine and John C. Ferm]

Porosit; Py bi 2 Chert Fel ts Matrix Carbonat
Depth (feet) Goroend) | (unbdwed | oot | eemt) | (poromy | Nlpengments | Oiatrt ooty
4225 . 14. 3 0.7 42. 0 12. 0 1.0 30. 5 9.0 5.5
466.5 . . el 19.1 150. 0 61. 5 17.0 1.5 17.0 3.0 .0
498.6. e 9.3 .12 35. 5 2.5 1.5 47.0 13. 5 .0
875.5 - e 18. 5 170.0 - 58.0 14. 5 6.0 17.0 4.5 .0
900.5. 15. 8 53.0 57.0 14.0 3.5 22.0 3.5 .0
906.0. .. e 14. 4 80.0 59. 5 12. 5 50 16. 0 6 0 1.0
964.5. e 14. 1 20.0 49. 0 19. 5 4.5 21.0 5.5 .5
068.5 . e e 15. 5 97.0 40. 0 30.5 6.5 21.0 1.5 b
968.5. . _ o 15. 3 65. 0 44. 0 21.5 6.0 20. 0 7.0 1.5
995.0 . e 9. 21 1.4 44.0 15.0 4.0 17. 56 7.0 12. 5
11,0080 . .. 11.9 1.4 41. 5 13.5 1.5 20.'5 10. 0 4.0
1,040.5___ o ___. 9. 85 .39 48. 5 9.5 4.5 27.5 80 2.0
1,043.5. . 10. 5 22 47.5 11.0 5.5 28. 0 7.5 .5

OIL AND GAS

OIL AND GAS SHOWS

Several oil and gas shows, given below, were noted
in this well. The well produced some-oil (see p. 167),
but the depth from which it came is uncertain.

.+ Depth (feet) Remarks.

60 .. Oil odor in sandstone.

533-561_______.. Faint show of oil in siltstone and thin sand-
stone beds. :

649-707_ .. _._._ Deo.

820-838._ . _.___. Show of oil.

866-888. __...._.. Water in sandstone,

888-901. .. __ .. __ Odor of oil in sandstone.

901-929._ _ _....._ Odor of oil in sandstone; upper 10 ft bled oil.

929-939_ _ ___. ... Siltstone with show of oil.

969-1,010_._ ___.. Sandstone bled oil.

1,027-1,087__ .. _. Bandstone with faint odor of oil.

1,037-1,071___._. Sandstone bled oil and;gas.

1,127-1,146_. . .. Slight oil stain in siltstene,

FORMATION AND PRODUCTION TESTS

Several swabbing tests and a 6%-week pumping test
produced an average of 217 barrels of oil per day with
no water, but the source of the oil was not determined,
in spite of plugging back by stages and later perforating
casing opposite possible producing sands. These oper-
ations, most of which were recorded by George L.
Gates, of the U. S. Bureau of Mines, and production
during the test are given in the following two tables.

Depth (feet) Remarks
Tubing run into hole with cone packer at

47 ft. .- Hole swabbed dry in 10 min, with .

recovery of 2 bbl of oil-base mud. An

hour later it was swabbed again; no
fluid recovered, although swab had faint
odor of Umiat crude oil. '

racovered 3 bbl of mud with no oil or
water.



Deplh (feet) . Remarks
959-1,017.____.__. Packer set at 959 ft with 43 ft of open-end
tubing below it; 4 hr of swabbing recovered
5 bbl of mud with no oil, gas, or water.
1,257 . .. Two-inch, open-end tubing with perforated

bottom joint run in hole to 1,224 ft, and
75 bbl of oil-base mud was swabbed.
Then 25 bbl of crude oil was swabbed,
‘with fluid level at 1,000 ft. In next 7
hr, 90 bbl of crude swabbed and fluid rose
to 800 ft. .

In'8 br 110 bbi of oil swabbed. Fluid level
remained at 800 ft but rose to 50 ft when
swabbing stopped for lack. of storage
space. Tubing pulled out and rerun to
1,208 ft, with insulated wire welded to
bottom joint and. coming to surface,
completing electrical circuit for hesting.
Pump shoe at 1,197 ft. After installing
39 joints of 30-ft sucker rod and pump,
rig was moved away and pumping: test
begun. A 24-in. stroke used, except for
last 3 days, when 36-in. stroke was used.
Strokes per minute ranged from 20 to
25, although 22 was most common rate.
Generator supplying power for heating

- tubing was set at 175 amperes, which
maintained the flow-line temperature
at 30°-32°F for the first 3 days.
Then it was turned off to test icing con-
ditions, and temperature dropped to 26°F,
where it remained until last week of test,
when it dropped to-24°F. Oil is gas-cut,
and flows by heads, in small amounts.

Daily production during a 6%-week pumping test, Umiat test well 9

Date Hours oil Date Hours 0il
pumped (bbl) pumped [ (bbl)
24,0 249.5 215 180.0
28.5 222.8 22.78 228.0
2.5 228.0 22.5 219.0
8.5 2.5 23.5 212.0
28.5 220.0 22,75 218.0
2.5 221.0 S 20.3 201.0
2.5 226.0 22.75 213.0
. BB 240.0 22. 75| 201.0
19.75 251.0 22.75) 222.0
[Q) 22.76 280.0
2.5 242.0 22,75 241.0
2.75 248.0 2.75 237.0
20.76 177.0 21. 00 234.0
2.25 206. 0 16. 00 162.0
22.75 2310 24. 00 237.0
19,25 3.0 24.00 255.0
13.28 135.0 24. 00 220.0
23.75 285.0 6.00 52.0
22.5 245.0 8. 00 89.0
7.0 83.0 24.00 317.0
6.0 72.0 24. 00 309.0
2.5 224.0 - 18.00 223.0
22.26 224.0 912.75| 9,460.5
! Shut down repairing motor.

After the test the well was cleaned out to the total
depth, using.oil from the well as a drilling fluid, and
the bottom of the hole was cemented with 45 sacks of
Cal-Seal. The top of the plug, which was at 1,017 feet,
was drilled out to 1,100 feet before running in 36 joints
of 2%-inch tubing at 1,000 feet. Swabbing showed the
tubing to be plugged at 408 feet, and the bottom 24
joints were found filled with ice and Cal-Seal. The ice
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was thawed, and tubing was lowered to 1,087 feet, and
after circulating for 8% hours, 5 hours of swabbing
lowered the fluid level from the surface to 890 feet,
recovering 35, 21, 15, 2, and 8 barrels of oil in hourly
intervals. The fluid rose to 550 feet during & 2-hour
shutdown to work on the rig. It was lowered to 890
feet again with 17, 11, and 11 barrels of oil pumped in
3 consecutive hours. The next 6% hours produced 62
barrels of oil.

A plug of 45 sacks of Cal-Seal filled the hole up to
946 feet, was drilled out to 948 feet, and drilling fluid
circulated for 2 hours. Tubing was run to 937 feet and
swabbing produced 22.8, 11.4, and 4.7 barrels of oil in
3 hours, lowering the fluid level to 790 feet. The fluid
rose to 560 feet when the hole was shut down 2% hours,
and further swabbing recovered 25.7, 19, 10, and 11.4
barrels of oil in 4 hours and 6 barrels in the next % hour.
Twelve hours of intermittent swabbing was followed
by continuous swabbing; 22 barrels was recovered in
the first hour and 12 barrels in the second, lowering
the fluid level from 342 to 515 feet.

- The hole was plugged with cement up to 819 feet, and
the plug cleaned out to 850 feet. Tubing was run to
846 feet, and fluid was circulated through it for 3 hours.
Swabbing recovered 57 barrels of oil in the first 7 hours,
and 54 in the next 10 at a steady rate of about 5%
barrels per hour. o ,

The hole was then plugged to 742 feet with cement,
cleaned out to 748 feet, and with tubing set at 723.5
feet, drilling fluid was circulated through the tubing
for 3 hours. - Swabbing recovered 20.0, 14.0, 11.4, 8.5,
and 5.7 barrels of oil in 5 hours. The well was shut
down for an hour; and 2 hours of swabbing thereafter
recovered oil at 11 barrels per hour, lowering the fluid
level from the surface to 600 feet. More swabbing
recovered 17 barrels in 1 hour and 5 barrels of oil in
an additional hour, lowering the fluid to 650 feet.

After cementing and standing for 21 hours, ice was
drilled from 454 feet to the top of the plug, at 531
feet. Cement was drilled to 555 feet, and drilling
fluid circulated 3% hours before tubing was run in
to 547 feet. After 2 hours of circulating through the
tubing, the tubing was pulled up to 540 feet and swab-
bing began. The hole was swabbed dry in 2 hours;
then warm oil was circulated through the tubing for
5 hours before swabbing again. After recovering 30
barrels of oil in 3% hours, the hole was dry. Only
5 barrels of oil was recovered in the next 10 hours of
swabbing.

Eleven days. after drilling out the hole and setting
5%-inch casing at 1,257 feet (see p. 168), four attempts
were made to perforate between 1,247 and 1,257 feet,
but the gun did not fire on the first three attempts, and
on the fourth, only 4 of the 24 shots were discharged.
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Three weeks later, the hole was filled with Umidt oil

from the storage tank, and 41 shots perforated:the

casing from 1,245 to 1,255 feet. Tubmg was run. to
1,253 feet, and about 28’ba,rrels ‘of .0il was swabbed
from the casing.  Swabbing recovered no fluid for
8 hours thereafter, arid then recovered 1% barrels of oil
after which the hole was again dry for 19 hours.::: The
hole, filled ‘again: with Umiat crude:eil from storage,
was then perforated from 1,234 to 1,218 feet’ with
60 shots. After swabbing the hole:-out it remmined
dry, and the casing was again perforated, from 1,135
to 1,145 feet with ‘41 shaped - charges. - Swabbing
showed ‘no fluid ‘entering the hole. "‘The casing from
1,017 to0-1,073 feet was perforated with 210 shots; and
swabbing still preduced no fluid. iThe same result
was obtained after perforating from 960 to 1,017 feet
with 210 shots, 900 to 938 feet with 150 shots, and:866
to 900 feet with 137 shots, although the hole' was
alternately swabbed and allowed’ to- stand ‘idle for
several hours after éach set of shots. :Operations were
shut down 2 days because of a storm; but 8 days more
of swabbing once an hour for 12 honts a day falled to
recover any 011
LOGISTICS

_ Personnel and housing.—Supervisory personnél'éom-

prised drilling foreman and George L. Gates, U. S. -

Bureau of Mines petroleum engineer, who was making
a study of the reservoir properties of the rock pene-
trated by the drill. Drilling crews consisted of 2
drillers, 2 derrickmen, and 2 floormen. Temporary
workers such as a geologlst weldeF, cementer,’ “electri-
cian, carpenter, or plumber came fiom Umiat camp as
their services were required. The crew was housed
at Umiat camp; 8o the only buildings at the’ wéll site
were the pump, cementmg, and boﬂer and generator
wanigans.

Vehicles and heavy equipment.—Vehicles such ‘as

vessels, Caterpillar tractors, and LVT’s were brought

om Umiat camp when necessary. One each. of the
following major items of drilling equipment  was
listed by the Arctic Contractors as havmg been used.

_ Failing 1500 rotary rig.
‘Buda G—cylmder gasoline engine, model HP—326 mounted
on & pipe sled; power supply for rig.
Gardner-Denver 4%- by 6-in. pump, model FG—FXG
Gardner-Denver 4}%- by 10-in. mud pump.
© . Caterpillar D880 diesel engine, power supply for mud pump.

Heat-Pak boiler, model 624-8. .
Westco boiler feed pmp.
Kohler 4 kw generator. e

" 'Waukesha 4-cylinder gas engine, model FGL—TD' Heat—

Pak, boiler feed pump, generator, .and engme -are all 1:

mounted in a wanigan on a pipe sl

Oilmaster 2% by 2-in. by 8-t statmnary-bauel top-an— ,

chor pump
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" Lufkin T7-8A pumping unit, with erank strokes of 12, 16,
“ afid 24in.

Gardner-Denver 5%- by 10-in. cementing pump.
- Caterpillar D8800 diesel engine, power supply fot cementing
pump.

. Fuel, lubricant, and water consumption.—In drilling
and testing Umiat test well 9, a total of 7,176 gallons
of diesel fuel and 3,591 gallons of 72-octane gasoline
were burned, and 130% gallons of no. 9170 lubricating
oil, 111 pounds of thread-lubricating grease, and 54%
pounds of no. 00 grease were used for lubrication.
Water requirements totaled 11,739 gallons.

DRILLING OPERATIONS

The Failing rotary rig was mounted on a welded

steel sled and towed to the well site with a D8 Cater-
pillar tractor. It was set up on.12- by 12-inch timbers
lying on the ground. After an extended production
test the well was gradually plugged back and then
drilled out, cased, and perforated in stages in an attempt
to locate the source of the oil. ‘
' When the hole was 63 feet deep, surface casing of
8¥-inch 24-pound, seamless line pipe was set at 61 feet
with 40 sacks of Cal-Seal. "The top of the annulus was
cemented with 3 sacks of Cal—Sea.l and 1 sack of con-
struction cement.

At the total depth of 1,257 feet the drilling rig was
removed for a 6%-week pumping test and then replaced
over the hole. Plugging the hole back in stages to
locate the source of the oil produced (see p. 167) was
unsuccessful; so the hole was cleaned out to 876 feet.
The oil used as a drilling fluid eould not lift the cement
out of the hole until reverse circulation was used, with
the tubing at 700 feet. The tubing was lowered to
854 feet and more cement circulated out. Ice and

| frozen cement were cleaned out from 60 to 875 feet
| before drilling out the plug to 1,077 feet.

The cement
again failed to come out of the hole, and the rock began
to take oil from the drilling fluid. Three sacks of
Jelflake and two of Fibertex were circulated for an
hour, but reversing circulation again forced oil into

" the rock when the tubing became plugged with cement.

The hole was cleaned out to 1,077 feet, and with brine

| made of 40 pounds of salt per barrel of water replacing

oil as the drilling fluid, the cement plug was drilled out
to the total depth. The cement did not settle out of
the drilling fluid at first, but when it was displaced
with 92 barrels of Umlat crude oil, the hole was finally
clea.ned out. .
"Casing (57 joints of 5%-in. 22. 54—1b plpe) was run
to the total depth at 1,257 feet where it Was cemented
with 140 sacks of constructmn cement treated with 600
pounds of calcium chloride, The plug was empla.ced
with a pressure of 600 pounds per square inch.
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The top of the hardened cement was found at 1,255
feet. The hole was filled with oil, and the top of the
annulus between the 5%-inch and the 8%-inch casings
was cemented with 3 sacks of C'a,l-Sea.l and 1 sack of
construction cement. :

In cleaning out the hole after perforatmg the casing,
an ice bridge was drilled from 430 to 520 feet; thin ice
stringers were present to the total depth. About 26
barrels of dead oil was swabbed through 2%-inch tubing,
and the hole was left empty to 1,200 feet. Below that
depth, it was filled with oil. A 3-inch gate valve was
installed on the casing head, its top about 3 feet above
the ground. o

DRILL AND CORE BITS

“The hole was cored for most of its depth, using 24
Reed hard-formation core bits, all 5%-inch in diamter
except the last 2, which were 6 inches‘in diameter.
Most of the drill bits used were Reed 2H, 7%-inch rock
bits, and they did more reaming than drilling of new
hole Fifteen bits were used to reach the total depth;
several of the 15 were reused to clean out the hole after
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casing had been set. One bit, a 4%-inch Reed, was
used to clean ice out of the hole.
DRILLING MUD

The mud used when the hole was drilled to 209 feet
was water-base mud to which 11 sacks of Jelflake were
added; below that depth oil-base mud was used . to
avoid contaminating cores with fresh water, Which
would have made accurate fluid-content studies lm—
possible.

The mud was composed of oil from Fish Creek test
well 1, Ken-Oil concentrate, and diesel fuel; Aroclor
was added as a tracer to provide a means of determining
the extent of drilling-fluid penetration into the cores.
Addition of Ken-Oil and Fish Creek crude oil increased
the viscosity of the mud, and diesel oil was used to
decrease it. Gel properties were increased by adding
Ken-0il and unslaked lime, which also decreased ‘the
filter loss. 'The mud weight was kept as low as possible

i

-to avoid losing drilling fluid in the rock. The follow-

ing table shows the quantity of oil-base mud compo-
nents used and the mud characteristics during drilling,

Con'stz"tuenté and characteristics of oil-base mud in Umial test well 9

Depth (1) Diggel uel Fish Oreec ot

Filtration loss

Unslaked | ‘Weight
(cc/30

lime (b) (lblcu it)

Viscosity

Tempersture
API (sec)

CF)

T TR CY- N
OO

See footnote at end of fable ; -

P et b LRt LR S
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Constituents sand characteristics of oil-base mud in Umial lest well 9—Continued

Depth (it) Diésel fuel |Fish Creek oflf | Ken-Ofl Unslaked Weight Viscosity | Piltration loss| T )
(bbD)_ (bbl) (bbl) Time {ib) bjou 1£) API (se{) (cc/aooulllsno)s's °”‘%'%‘i¥§'“”°

! Five hundred pounds of Aroclor added.

Viscosity and gel strength were kept as low as
possible, because cuttings did not drop from suspension
when viscosity was above 50 Marsh funnel seconds at
about 45°F. To remove cuttings from the cement
plug, before setting casing, the oil-base mud was
" replaced with brine made of 2,500 pounds of salt,
* mixed with water at the ratio of 40 pounds per barrel.
The cement did not circulate out with the oil-base mud,
but cleaning out with brine was successful. After the
casing had been set, the hole was then filled with 92
‘barrels of oil. Before abandoning the hole, diesel fuel
was added to the oil in the hole to clean out ice bridges.

TEMPEBATURﬁ MEASUREMENT STUDIES
By Max C. BREWER

Umiat test well 9 was drilled with rotary drilling equip-
ment; consequently, the thermal regime of the hole
was considerably disturbed. Passage of fluid when the
well was producing also affected the temperature.

Two thermistor cables, the longest reaching to a
depth of 665 feet, were installed on November 23, 1952,
approximately 10 months after the completion and
abandonment of the hole. A third thermistor cable,
reaching to a depth of 870 feet, was installed on October
12, 1953, These cables were operated until August

1954 when the hole filled with air down to 270 feet.
Crude oil filled the hole below this depth.

The thermal profile for Umiat test well 9 is charac-
terized by a gradient of about 135 feet per degree
centigrade from approximately 100-870 feet. This is
the largest inverse geothermal gradient found in the
Umiat area. The inverse geothermal gradient at
Umiat test wells 4 and 6 is approximately 115 feet per
degree centigrade for similar depths.

A short extrapolation of the thermal profile in Umiat
test well 9 on October 13, 1953, indicates a depth of
permafrost of 1,055 feet. This thickness of permafrost
is approximately 150 feet greater than that found at
any of the other Umiat wells where temperature meas-
urements have been made. Except for a well 8 miles
south of Barrow, this is also the greatest indicated
thickness of permafrost found in Naval Petroleum
Reserve No. 4 to date. Although temperatures had
not yet reached equilibrium at Umiat test well 9 on
this date, they were close enough so that the shape of -
the thermal profile and the indicated thickness of
permafrost will not be significantly different.

The minimum permafrost temperature in this well,
below the depth of seasonal change, is approximately
—7.2°C near the 70-foot depth. This temperature is
approximately 1°C colder than those found at a similar



depth in Umiat test wells 4 and 6. The colder mini-
mum temperature and the greater thickness of perma-
frost are, at least in part, the result of topography and
the increased distance of the well from the Colville
River. Sufficient data are not yet available to allow
a study of the relative importance of these factors.
UMIAT TEST WELL 10
Location: Lat 6092404/ N., long 152°07/57"' W.
Elevation: Ground level 741 feet; derrick floor, 746 feet.
Spudded: September 9, 1951. '
Cotnpleted: January 10, 1952; bailed 222 barrels of oil in 24
hours; plugged and abandoned.
Total depth: 1,573 feet.
This well was drilled to test the Umiat anticline
northwest of Umiat test well 8, which was located less
than half a mile away and on the same ridge.

DESCRIPTION OF CORES AND CUTTINGS

‘The first samples recovered from the hole were from
the Ninuluk - formation, and contain specimens of
Trochammina rutherfordi Stelck and Wall (see p. 203).
The presence of this foraminifer above the younger
Seabee formation demonstrates the presence of a reverse
fault at 210 feet. Below the fault a normal sequence
of Seabee formation (210-645 ft), Ninuluk formation
(645-765 ft), and Killik tongue (765-1,025 {t) of the
Chandler formation was drilled. Below 1,025 feet the
well was drilled through the Grandstand formation, and
~ the upper sandstone bed of the formation was tested.
The lower sandstone bed would normally be expected
at 1,430 feet on the basis of correlation with Umiat test
well 8 and othér holes. - Instead, the well continued in
clay shale to 1,530 feet. From 1,530 feet to total depth,
the formation consisted of a little sandstone and silt-
stone interbedded with clay shale. Although the
amount of sandstone in the samples is small, these and
oil recovered after the casing was set at 1,339 feet
suggest that the lower sandstone bed was penetrated
below 1,530 feet. The absence of sandstone in samples
from 1,430 to 1,530 feet, however, implies the presence
of a reverse fault near 1,430 feet which increases the
thickness of the shale seetion by repetition. Because
no electric log was run in this hole and the sides caved
considerably during drilling, the above described
lithology may be misleading.

The rocks penetrated contained oil at three different
horizons: sandstone of the Ninuluk formation had an
initial proeduction of 96 barrels per day; an estimated
maximum of 153 barreld per day was recovered by
bailing from the upper saridstone bed of the Grandstand
formation, and the lowdr (?) sandstone bed of the
Grandstand. formation produced a good show of oil
but was not tested because caving forced abandonment
of the hole,
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Litholegic description

{Whete Bio core is listed, description is based on cutting samples]

Depth (feet)

Remarks

0-4.5
4. 5-70
70-160

160-180

180-200

200220

220-230
230-250

250-280

280290

290-300
300-330

330-370

370-380

380-385
385-395

395-400

400-410
410-420

Kelly bushing to ground level.

No sample.

Sandstone,  medium-light-gray, fine-

rained, slightly silty and argillaceous,
si%htly micaceous, noncalcareous, fri-
able; composed of subangular clear and
white quartz with some dark rock frag-
ments, At 75-80 ft abundant yellow
(quartz?) grains impart a light-olive-
gray color to the rock. Between 80
and 90 ft sandstone is brownish gray,
hard, and very calecareous, becomiing
slightly calcareous at 95 ft.  Below 120
ft sandstone is very fine to fine grained,
siltier, and more argillaceous. Very
small amount of clay shale at base of
sandstone. : ‘

Clay shale, medium-dark- to dark-gray,
noncalcareous, slightly to very silty
and micaceous. .

Clay shale as above, and medium-gra,
argillaceous noncalcareous siltstone;
sandy, pyritic, and carbonaceous in
part. ery small amount of clay shale
is bentonitic.

Clay shale, medium-dark-gray, slightly to
very silty. Top of Seabee formation
at 210 ft.

Siltstone, medium-gray, sandy, argilla~
ceous, noncalcareous.

Siltstone and clay shale as above, with
rare clay ironstone in lower part. Mi-
nute light-brown shiny clay balls at
240-250 ft.

Clay shale, medium-dark-gray, slightly to
very silty, micaceous, noncalcareous.
Some siltstone in bottom 5 ft. Minute
light-brown shiny clay balls at 260270
ft

Siltstone, medium-gray, argillaceous; very
slightly calcareous in part; small amount
of very silty medium-dark-gray clay
shale. Minute light-brown shiny clay
balls at 280-285 ft.

Clay shale and siltstone.

Siltstone, rarely slightly calcareous, with
small amount of clay shale. Minute
light-brown shiny clay balls at 300-
305 ft.

Clay shale, medium-dark-gray, slightly to
very silty, with very small amount of
siltstone in upper part.

Siltstone, medium-gray, slightly to very
sandy and argillaceous, very micaceous,
noncaleareous, with small amount of
clay shale.

Siltstone and clay shale.

Clay shale, medium-dark-gray, slightly to
very silty and micaceous, with dark-
gray slightly carbonaceous silty mi-
caceous clay shale in lower half.

Siltstone, with small amount of clay shale
and very small amount of medium-light
gray very fine-grained silty argilla-
ceous partly calcareous sandstone.

Clay shale, medium-dark-gray, slightly to
very silty in part.

Sandstone, light-olive-gray, fine-grained,
silty, argillaceous, noncalcareous, slight-
ly carbonaceous, friable, with rare yel-
low ' grains and mica. Very small
amount of medium-dark- and dark-
gray carbonaceous clay shale, rare
pyritic carbonaceous siltstone, '

S e
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EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1044-53

Depth (feet)

Lithologic description—Continued

Litkologte description—Continued

Core Remarks . Gore | = Depth (teet) Remarks
1 420-425 | Recovered 4 ft: Mierofossils absent. | __.. 635-650°| Clay shale, with some siltstone and very
Sandstone, medium-light-gray, very : small amount ~of sandstone. Top of
fine-grained, silty, argillaceous, mica- ) Ninuluk formation at 645 ft.

ceous; slightly calcareous in part; | __--- "650-655 | Sandstone, light-olive-gray, fine- to very
massive except for rare carbonaceous fine-grained, silty, argillaceous, slightly
or argillaceous laminae that dip 2°- . calcareous; composed of subangular
12°. Sand composed of subangular | - clear and white quartz with some dark
clear and white quartz with some rock fragments and rare carbonaceous

dark rock f ents, carbonaceous particles and mica. .
articles, and light and dark mica. b 655-659 | Recovered 4 ft 6 in.: Microfossils absent.

_____ 425-445 | Sandstone as in core 1, but darker, cal- Sandstone, light-olive-gray, very fine-
careous, hard. grained, silty, argillaceous, slightly

..... 445-450 | Sandstone, medium-light-gray, .very fine- micaceous, noncalcareous, massive.
grained, very micaceous, noncalcareous, Carbonaceous partings rare. Upper
with some grayish-brown calcareous ] part of core consists of unconsolidated
clay ironstone. o sand. ’

——e 450-465 | Sandstone with small amount of siltstone | __... 659-670 | Sandstone as above.
and clay shale at top, increasing to half 6 870-675 | Recovered b ft: Microfossils absent.
the rock at base. : - . Sandstone as in.lower part of core 5.

_____ ' 465—-468 | Bandstone, medium-light-gray, fine- | __._- 675-685 | Sandstone, medium-light-gray, very fine-
grained (with rare medium grains), : :+ o} -grained, -.silty, = argillaceous, sericitic,
silty, argillaceous, micaceous, noncal- noncalcareous, friable,
careous; composed of subangular clear 7 685-690 | Recovered 5 ft: Microfossils very rare.
and white quartz with some dark rock . Sandstone, medium-light-gray, very

: ' - fragments. fine-grained, very silty and argil-
2 468-473 | Recovered 4 ft: Microfossils absent. laceous, micaceous, noncalcareous,
Sandstone, medium-light-gray, fine- massive.
- grained (with some medium-grained | : ... :690-700 | Sandstone, with some siltstone and clay
streaks in upper part), silty, argilla- ) shale.
ceous, noncaleareous, slightly mica- 8 700-705 | Recovered 4 ft 9 in.: Microfossils absent.
ceous, with earbonaceous partings in . Sandstone, medium-gray, fine-grained,
lower part dipping about 5°. - gilby, argillaceous, micaceous, non-

_____ 473-485 | Sandstone as in core 2, fine- to medium- calcareous, = massive; composed of
grained at base. subangular grains of clear and white

3 485—490 | Redovered 4 ft: Microfossils absent. quartz, gray chert and dark rock
Sandstone, fine- to medium-grained, fragments,
as in core 2, Lefoon 705-715 | Sandstone as in core 8, with some medium-

..... 490-495 | Sandstone as in core 3. . grained friable san&_stone.

..... 495-505 | Siltstone, medium-gray, sandy, slightly 9 715-720 | Recovered 3 ft: Microfossils absent,
argillaceous, noncalcareous, with small e : Sandstone, medium-gray, fine- to me-
amount of sandstone in upper part and dium-grained, slightly silty and ar-
clay shale in lower part. gillaceous, noncalcareous, with car-

______ 505-540 | Clay shale; medium-dark-gray, silty to bonaceous partings in the upper
very silty. . part; poorly indurated and massive;

_____ 540-550 | Siltstone, medium-gray, sandy, argil- composition similar to core 8.
laceous, noncalecareous, with very small | __._. 720-730 | Sandstone, fine-grained; composed of
amount of medium-light-gray very clear and white quartz with rare dark
fine-grained very silty sandstone in rock fragments.
upper part and small amount of light- 10 730-735 | Recovered 4 ft: Microfossils absent.
bgle-gra.y bentonite in lower part. __ Bandstone as in core 8. -

Bentonite has slippery feel and con- | ..__. 736-740 | Sandstone as in core 8.
: choidal fracture. =~ - . 1 ____. 740-745 | Clay shale, medium-dark-gray, slightly

_____ 550-555 | Biltstone, with clay shale and bentonite. silty.

_____ 555-570 | Clay shale, slightly to very silty, with 11 745-760 | Recovered 3 ft: Microfossils very abun-
small amount of siltstone in upper part. ; -dant. . .

clal 570-575 | Siltstone, with clay shale. Claystone, medium-dark-gray; slightly

_____ 575-605 | Clay shale, slightly to very silty, with silty and micaceous in part; noncal-
small amount of siltstone in upper part careous; irregular to conchoidal frac-

v and yellowish-gray noncalcareous clay . ture.
| ironstone in lowerpart. = = | ----- ;gg‘;f’g No 53'“1111;11“" sth small t of sand

..... 605-610 | Siltstone, with small amount of clay | --=-- 760 | Clay shale with small amount of sand-
shale. - . . .

..... 610-615 Cl;t;:gr sha.lezltmediuma:ldark—gray, slightly | ——=7~ 760-770 Cl:z:%&:%#a%%& c(i}rl;glnts.::ggs ’ v’;‘l;,;

very silty, nonealcareous. R :

_____ 6156-625 | Siltstone and clay shale. g}; 76511{1:. tongue, Chandler formation,

4 625-628 | Recovered 2 ft 6 il}.: Microfossx_ls absent;. _____ 770-775 | Sandstone, light-gray, very fine-grained,
: Clay shale, medium- to medium-dark- silty, argillaceous, calcareous, with rare
gray, Sllghﬂy ~Sllty, poncqlcareous, clay ironstone.
with rare faint medium-light-gray | _.___ 775-785 | Clay shale, medium-dark-gray, calcareous,
silty laminae dipping less than 5° . | with rare clay ironstone in upper part
.~ Shaly cleavage poor. and silty clay shale with some coal
..... 628-635 | Siltstone and clay shale, with medium- é‘lputiclw and laminae in lower part.
S .gray very fine-grained sandstone in | __.__iL. . °785-790 | Siltstone, medium—gragr, sandy, argil-
: . laceous, micaceous, slightly calcareous.

lower 5 ft.
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Lithologic descFiption—Continued . Lithologic description—Continued
Gore | Depth (feet) " Homarks Core | Depth (feet) |- Remarks
..... 790-800 | Siltstone and clay shale; siltstone de- { ._.__; 1,020-1, 025 | Sandstone, medium-light-gray, very fine-
cre;oés:ﬁ fm (;velr haif Oﬁrl;ock in upper “ .grained, f%rglillacet?:ls, silty, with small
: pa ) n lowet part. :amount of clay shale.
_____ 800-805 | Clay shale, siltstone, and sandstone, | __.__| 1,025-1,050 | Clay shale, medium-gray, with rare silt-
i ) n:;diumJight—gray,, very fine-grained, sttgne, very %rgf,iloamofunt og clay iron~
caleareous. ' stone at 1,0 40 ft, and very rare
..... © 805-810 | Clay. shalle,'medium-da,rbgray, slightly to g,tua.l ;.1; 1,0115—1,0,5? ft. 2'5'I;op of Grand-
B very silty. ‘gtand formation at 1,025 ft.
———— g%&s%ﬁ gangsgne, silt?itone,halﬁd shale. fne. | 7 1,050-1, 055 Silltstone, mediulil-light’-gray, sandy, argil-
——— 830 andstone, medium-light-gray, very fine- - laceous, noncalcareous.

) grained,, silty, argillaceou,s, slightly | _____ 1,055-1, 065 | Sandstone, medium-light-gray, very fine-
micaetgous, sl{ghtIy calgareous; rare clay “‘grained, 4 a;gil%ceoxg, Iioncalcgre%us;
ironstone in lower part. composed of subangular clear and white

12 830~832 Reé:ovg;ed 1ft: l(\ldicroflossils absené’,. quartz with rare dark ?Ck fragments

S andstone, medium-light-gray, fine- to and ecarbonaceous particles.

- © very ﬁt’le-grained, very silty and 16 | 1,065-1,070 | Recovered 3 ft 6 in.: Microfossils absent.
argillaceous, micaceous, slightly to "1~ 6 in., claystone, fmedium-dark-gray,
moderately calcareous; carbonaceous ~'moncalcareous, conchoidal fracture.

D egray sistons o5 botiom of soe 2 Grained siehtly sttty axgiiacepne,
. LAk Y - . A neq, aceous,
_____ 832-835 | Sandstong, fine- to very fine-grained, with : -'nonca.lc’areous; poorly’ indurated in
|~ some clay shale and rare clay ironstone. - lower part.
..... 835~840 | Clay shallf,hn;eda;;gm-dark;ﬁray and dark- 17 | 1,070-1, 075 ResoovgredB ft Q‘én.: Microfossils absent.
- - gray, slightly to very silty. : landstone as above, )
..... %8:852 I(\)Tlay sl;alle, with small amount of siltstone. 18 | 1,0675-1, 080 R/escovgred 5 ft: IL{icrofossils absent,.
s -85, 0 saniple. ‘ ) ) andstone as above,
..... 855885 | Clay shale, very silty, and siltstone, very | ___._{ 1,080-1,090 | Sandstone and clay shale.
argillaceous. . . . 19 | 1,090-1,095 | Recovered 2 ft 8 in.: Migrofossils absent.
_____ 885-900 | Clay shale with rare argillaceous siltstone; -.Sandstone, medium-light-gray, very
yeliy,gmalir:mount of white bentonite fine-grained, z;rgﬂlaceous, silty, rﬁlca;
in lower part. ceous, noncalcareous; composed o
_____ 900-905 Clg{ sﬁale,al meiiglm-darbgmy, with some 's’uba,ngulaxi) %railr:s ofkélfear and white
- blaek ‘coaly shale. : quartz with dark roek fragments and
_____ 905-915 | Sandstone, medium-light-gray, very fine- : rare carbonaceous particles.
. grained, .argillaceous, silty,. noncal- | _____ 1,005-1, 100 | Sandstone, medium-gray, very fine-
'gmus, lfxl:lab!e’ ‘Yxpg; ;rer};fmall amount 1 :grali{ned, : ga}care‘ous, with common dark
y shale in part. ock particles.
_____ 915-920 | Clay ggla,}e with some very fine-grained “35° }, i&i, }(1)8 Iggczampléa.zf 6 Microfossils abe
san ne. , 1 lecavere t 6 in.: Microfossils abgent.
_____ 920-924 | Sandstone, .very fine-grained, with small ' 2 ft 2 in., sandstone as in eore 19.
amount of siltstone and clay shale. 4 "in., claystone, medium-dark-gray,
13 924-930 Reé:?med 4.t 5din.: Microfossilsuabsent. lslig})tlyt silty, noncalcareous; irregu-
iltstone, - medium-gray, argillaceous, ar fracture.
slightl}'( sandy, mjca(’:eous, noneal- | .._._. 1,111-1, 120 | Bandstone, as in core 19, friable.
careous, with faint irregular partings 21 | 1,120-1, 124 | Recovered 3 ft: Microfossils absent.
la.i;ld patcghc'fs oof carbonaceous material 6 in.,dsandisbtone- as iln core 19 above,
' » ipping . grades into unit below. :
_____ 930-935 | Clay :l lale, mediufm—da;l;—gray, with very 116 d8 in., nsiltstone, mgldiumfgray,
small amount of sandstone. sandy, argillaceous, noncalcareous.
_____ 935-940 | Sandstone, very fine-grained, and silt- 10din., élay shale frz;gmen’os, medium-
. stone. : dark-gray, noncalcareous; very
14 940-944 | Recovered 3 ft 4 in.: Microfossils absent. slightly silty in part;slickensides pres-
iltstone as in core ming slightly _ent, on sorne fragments.
darker and very a.i-gillaceous toward | ___._. 1,124-1, 131 | Sandstone, as in core 19.
base of core. . 22 | 1,131-1,134 Recoven_ad 2 ft 6 in;: Micrpfossils absent.
_____ 044-970 | Clay shale,: medium-dark-gray, slightly 11t 6 in., claystone, medium-dark-gray,
to very silty; dark gray and Sh%ll];ly slightly to very silty, noncalcareous,
caﬁ'}%gngceg;xs_ telq usg%%ler 5to ft. re 1rrﬁgulguil fractulre, .mthtostrgal{s of
white bentonite j ow top. yellowish-gray clay ironstone in lower
_____ 970-975 | Siltstone, medium-gray, slightly calcare- part.
ous, with small amount of clay shale. 1 ft, sandstone, medium-light-gray,
_____ 975~-995 Cl:.g shale,nmedium-'dark-gray, slightly 1very ﬁne-%raélgled; :fry silty and argil-
very silty. aceous, slightly calcareous, massive.
_____ 995-1,000 | Clay shale and sandstone, medium-light- | _____| 1,134-1,150 | Siltstone, with slightly to very silty clay
gra};i fine- to vecl;jlr ﬁne-gra}ne%,l silty, shale incrfea.sinkg frolr’ndhal:hto about. 90
C argillaceous, noncalcareous, friable. percent of rock with depth.
i 1, oog_—% 010 %&ndstong asfﬁbo}wlile. omils ’ T 1, 150-1, 155 Interl()j:dded siltstone, clay shale, and
1,01 015 ecovered 5 ft: Microfossils absent. sandstone. :
’ ’ Siltstone, medium- to medium-light- | ___.__ 1,155-1,195 | Clay shale, medium-dark-gray, slightly
oo, Somoatoamsouss with abindant Stepoge, s With very small smount of
us, none: n ne.
faint ;slightly carbonaceous and argil- | _____ 1,195-1, 210 | Clay shale, medium-dark-gray, with some
1aceous laminae in lower part. ip dark-gray clay shale at 1,200 ft.
_____ 1,210-1,215 [ Clay shale and sandstone, light-olive-

1, 015-1, 020

3%-10°.
Clay shale, with rare siltstone.

gray, very fine-grained, calcareous.
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Lithologic description—Continued

Core Depth (feet) Remarks

_____ 1, 215-1, 235
. deecreasing with depth.

_____ 1,235-1, 250 | Clay shale, medium-dark-gray, slightly

: silty, noncalcareous.

_____ 1, 250-1, 255 | No sample.

_____ 1, 255~1, 275 | Clay shale with small amount of siltstone.

_____ 1, 275-1, 330 | Clay shale, medium-dark-gray, slightly to

o very silty, noncalcareous.
cw---| 1,330-1,340 | Clay shale with very small amount of
very fine-grained sandstone.

_____ 1, 340-1, 360 | Clay shale with very rare siltstone.

_____ 1,350-1, 530 | Clay shale, medium-dark-gray, slightly
o silty, irregular to shaly fracture.

_____ 1,530-1, 540 | Clay shale, with small amount of medium-

light-gray very fine-grained very argil-

laceous and silty noncalcareous sand-

stone; and medium-gray sandy very

argillaceous noncalcareous siltstone.

Recovered 1 ft: Mierofossils absent.

Siltstone, medium-gray, very sandy,
argillaceous, micaceous, noncalcare-
olis, massive.

23| 1, 540-1, 542

_____ 1,542-1, 545 | Clay shale with rare sandstone.

_____ 1, 5451, 570 | Clay shale as above, with rare sandstone
. between 1,555 and 1,565 ft.

_____ - 1,570-1, 573 | No sample.

CORE ANALYSES

A sandstone bed at 486 feet has an effective porosity
of 18.9 percent and an air permeability parallel to the
bedding of 640 millidarcys; the tests were made with
the equipment described on page 127.

OIL AND GAS
OIL AND GAS SHOWS
Several shows of oil, and a few of gas, were noted by
the Arctic Contractors’ workers at the well and are
given in the following tabulation.
Oil and gas shows, Umiat test well 10

Remarks

Depth (feet)

4104908 __ _______ Slight shows of oil and gas in the cuttings
and ditch.

653-656_ _ . ______ Good show of oil in sandstone.

655748 __ __.___ Oil entered hole at approximate rate of 4.5
bbl per hr.

998-1,015________ Slight show of oil and gas in sandstone.

1,060-1,116_ . ____ An oil-bearing sandstone increased oil pro-
duction in well from 4.5 to more than 10
bbl per hr. .

1,339-1,470. _.__. Slight odor of oil in bailer samples, but

samples showed no fluorescence.

1,618 .. _ Bailer had show of oil while cleaning out hole
at 1,458 ft.

1,573 Drilling mud was gas cut.

FORMATION TESTS

Bailing and swabbing tests were made while drilling
Umiat test well 10; the results in the following table

. Clay shale with small amount of siltetone, |

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

were recorded by Marvin Heany and Kenneth R.
| Freed, Aretic Contractors’ petroleum engineers.

0il and gas shows, Umiat test well 10

. Remarks
532 .. Bailed hole dry; still dry after standing 10}4
hr.

758 o Hole bailed dry in 2 hr, with recovery of 214
bbl of mud- and 20 bbl of oil. After
scratching walls with scratchers on bailer
for an hour, hole was again bailed dry, and
8 bbl of oil and mud was recovered. Walls
washed with brine, and hole bailed dry.
Fluid rose to 615 ft in 6 hr, and 2 hr of
bailing recovered 20 bbl of oil. In bailing
the hole dry hourly for 22 hr, 88 bbl of
oil was recovered.

| 786 L _ -Fluid level at 615 ft.

832 - Fluid level at 680 ft.

875 . Fluid level at 660 ft.

980 _ .. With fluid level at 640 ft, hole bailed dry in
9 hr, recovering 120 bbl of oil. Bailing
hole dry hourly thereafter for 34 hr, 183
bbl of oil was recovered.

1,006 _._____ The fluid level was 650 ft. Oil was bailed
for 36 hr, recovering 332 bbl (222 bbl in
the first 24 hr) and lowering the fluid
level to 935 ft.

1,116 ______. Fluid level at 650 ft.

1,124 ___________ Twenty barrels of mud and oil bailed from
bottom of hole, and 92 bbl of oil then
bailed from top of fluid in hole, lowering
fluid level to 759 ft. Six hours more of
bailing recovered 72 bbl of oil but could
not bail hole dry.

1129 ... Fluid level at 650 ft.

1,233 __ ... Fluid level at 650 ft.

1,295 ____ - Fluid level at 635 ft.

1,339 .- Fluid level at 630 ft. ,

1,618 . When hole filled with cavings to 1,468 ft,

it was bailed dry, and 1 hr later recovered
about 8.5 bbl of fluid composed half of
, mud and half of oil.

Later, v.vhen the well reached the total depth "of
1,673 feet, the fluid level was at 990 feet, and the
drilling mud was gas cut. A swabbing test was made,
with tubing run to 1,573 feet with a 9-foot slotted
section at the base. Plugged slots caused intermittent
entry of fluid at first, but fluid soon began to enter the
hole steadily, and it could not be swabbed dry at
first. The bhole was swabbed dry after 41% hours.

Tools were run for further drilling, and clean oil
was found at 1,170 feet. After cleaning the hole,
tubing with' the lower 40 feet perforated was run to
1,552 feet. ;
~ The swab went through the first 31-foot perforated
joint to the top of the 9-foot bottom joint. The mud
level, at 1,000 feet, was lowered to 1,500 feet in 12

hours with the recovery of 30—40 barrels of slightly
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oily and gas-cut mud. From 5 gallons of fluid com-
posed half of oil and half of mud, the recovery declined
to nothing after several hours of continued swabbing.
When no more fluid entered the tubing, it was raised
42 feet. No fluid entered the hole for 4 hours, because
of caving shale, but later about 400 feet of oil was
found in the hole, and approximately 20 barrels of oil
was recovered by swabbing. Hourly swabbing re-
covered about one-half a barrel per hour of oil with
some oil-cut mud emulsion. After standing 12 hours
fluid rose to 1,073 feet, and the hole produced three-
fourths of a barrel per hour before being swabbed dry.
A 46-hour shutdown was caused by a storm, after
which 300 feet of clean oil was found in the hole.

175

OIL ANALYSES

The Petroleum and Natural Gas Branch of the U. S.
Bureau of Mines made three analyses (see following
tables) of erude oil from Umiat test well 10. Samples
taken with the total depth of the hole at 753, 1,518,
and 1,573 feet were numbered 52011, 52001, and 52010,
respectively. The first came from a bailing test in
which an average of 4.5 barrels per hour of water-free
oil was recovered. The second, taken after casing was
set at 1,339 feet, was taken from a 1}-hour bailing
test which recovered 8 barrels of fluid composed half
of oil and half of mud. The third came from the
swabbing test made with tubing at 1,510 feet.

Analysis of U. 8. Bureau of Mines crude-petroleum sample 52011 from Umsiat test well 10, from a bailing test at 763 feet

General characteristics of sample: Sp q‘, 0.839; sulfur, <0.1 peroent Sayb}(zli:t Ulniversal viscosxt)i at 100°F, 36 sec; gravity, 37.2°API; pour point, below 5°F; color, Natl,
etroleum Assoc. no.

{

Distillation by Bureau of Mines routine method

T R
I Cut at— Gravity, Saybolt
Fraction Percent | Sum (per- | Specific °APl at |[Correlation| Anilin Universal | Cloud test
cent, gravity ! 60°F index point (°C) viscos! tl¥ °F)
°C °F at 100°
Stage 1.—Distillation at atmospheric pressure, 739 mm Hg. First drop, 54°C (129°F)
1__ 50 122 .. - - e - -
2... 75 ) (7 o PRI USRI I - P
3 100 213 6.9 6.9 0.728 629 fooecmeeaon L =1 N I R
[ 125 257 9.1 16.0 . 767 53.0 35 4.8
5._ 180 802 7.2 23.2 . 7868 48.8 36 33.6
6.. 175 347 6.7 20.9 .79 45.6 35 39.2
7. 200 392 5.7 3.6 807 48.8 33 48.7
8. 225 437 6.4 42.0 824 40,2 35 55.6
9 ... 250 482 7.8 49.8 .839 37.2 37 58.6
10....__. . 275 527 9.3 59.1 . 885 34.0 40 61.6
Stage 2,—Distillation continued at 40 mm Hg
... - 200 392 5.0 64.1 0. 869 3.3 43 66.6 41 10
12.... - 225 437 7.9 72.0 .870 31.1 39 72.2 46 25
. PR 250 482 . 6.3 78.3 .88 29.7 40 | 58 45
14__ 275 527 5.3 83.6 . 885 28.4 40 | .. 86 56
S 300 572 4.5 88.1 .893 27.0 [ S R 158 65
Residuum 2 o - L7 99.8 .916 b X1 SRR S NSRRI WA
1 sPeclﬂn gravity at 60°F compared with water at 60°F.
* Carbon residue of crude, less than 0.1 percent. *
Approzimate summary
Specific Gravit Saybolt
Constituent Percent gravity °APIy' niversal
viscosity
Light gasoline_..________..._.___.___ 6.9 0.728 62,0 .. _..___
Total znsoline and naphtha.___.._. 5.6 .76 50.9 |- ...
Kerosene distillate_.___.__.._______ 6.4 .84 40,2 | .
Geasofl.____________________________ 28.6 .867 38.68 |-
Nonviscous lubricating distillate. . 1.4 10.873~ .887 | 30.6-28.0 50~100
Medium lubricating distﬂlate.- - 6.1 | .887-.897 | 28.0-26.3 100-200
Viscous lubricating distiflate. .. |- . .|.._._._____|._________. Above 200
Residuam. _______________________. 1.7 916 2.0 |
Distillation loes_ ... _.__.______.._. [ ) PN AN AU
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Analysis of U. S ‘Bureau of Minés erude-petroleum sample 58001, from U;vziat test.well 10, from a bailing test at 1,618 feet

[General characteristics of sample: Sp gr, 0.843; sultur, <0.1 percent; Baybolt Universal - vhmsity 30'dec at 77°F; 87 sec at 100°F; gravity, 36.4°APT; pour point, below 5°F
color, Natl, Petroleum Assoc. no.4f

Distillation by Buredu of Mines routine method

. Cut at— ] . : Gravity, | . Saybolt i
Fraction : ‘- Percent | S8um (per- | Speeific ‘%ﬁ%at Correlation] Aniline | Universal | Cloud test
] . cent) gravity ! index point (°C) viseodt; °F)
! - °0 °F . at 100°
Stage 1.—Distillation at atmospheric pressure; 753 mm Hy. First drop, 47°C (117°F)
2.. 75 167 15 B N 1 0.679 76.9 |.
3. 100 N2 i . 53 6.8 733 .61.5 27 43.6
4. 125 287 9.0 15.8 . 766 ‘63,5 A 36.9
5 i . ) 180 802 | : 6.9 22.7 . 786 48.5 36 3.3
6...: _— : . 4178 AT 6.7 29.4 4. 801 45.2 36 37.8.
7. S a0 392 | 5.8 35.2 .813 42.6 36 45.3
8. liaes il g RS ] a7 - 6.t 418 - .828 39.4 37 58.0
9. T 482 7.2 48.8 844 36.2 40 56.5
10 S : R 13 - BT 9.9 58.7 869 | .. 3.2 42 58.8 |
Stage 2.—Distillation continued at 40 mm Hg
Mieeoo. 200 302 5.2 63.9 0.878 29.7 47 4| Belows
12.. 225 437 6.8 70.7 .879 20.5 44 48 20
13_... 250 482 6.3 77.0 .888 27.9 45 62 40
14.._. 275 527 4.9 81.9 .893 27.0 44 93 56
15. 300 572 5.2 87.1 . 900 25.7 4 170 65
Residuum 2. - 1.8 8.9 .923 - 21.8
l_SPenI.ﬂc srsvlty at 60°F compsared with waterat 60"]3‘
3 Carbon residue of crude, less than 0.1 percent.
, - Approzimale summary ‘
Specific QGravity, Saybolt
Constituent Percent | gravity - °API Universal
B 3 : :T -
Light gasaline_____ 0.721
Total mﬂ!ne and 715
Kerossmp@istillate. ... .. oo foo_ o |ecooooo. :
Gasofl ..o .. _______._ .. 33.3: . 866 .1
Nonvheoin lubricating distillate. . _ 11. 5:[0. 880~ . 896 |+
Medium lubricating distillate....._ 6.6: 1. 806~ ,903.|"
Viscous lubricating d.istﬂlate ....... .5 | ,903~ ,904
Residuum. lig 923
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Analysis of U. S. Bureau of Mines crude-petroleum sample 52010 from Umiat test well No. 10, from a swabbing test at 1,673 feet

{General characteristics of sample: 8p gr, 0.845; sulfur, <0.1 percent; Sa; bolt Universal viseog; at 100°F, 38 sec; gravity, 36.0°API; pour point, below 5°F; color, Natl.
oleum Assoc. 110

Distillation by pfmau of Mines routine method

Cut at— Gravity, Saybolt -
Fraction . Percent | Sum (per- | BSpecific SAPIat |Correlation| Aniline | Unfversal | Cloud test
cent) gravity ! 60°F index point (°C) | visocosi CF)
°0 F at 100°
Stage L—Distillation at atmospheric pressure, 739 mm Hg.  First drop, 63°C (145° F)
1 80 122
2. 7% 167 -
3 100 212 5.8 5.8 0.728 62.9 oo 4.9
4 1251 257 8.8 14.6 767 53.0 35 36.2
5 . . 1801 . 302 6.9 21.5 .788 48.1 37 32.4
6.. 176 347 6.7 28.2 . 802 4.9 37 36.5
7 200 392 5.5 33.7 .812 42.8 35 45.3
8. N 225 437 6.3 40.0 . 826 39.8. 36 52.5
__ § 250 482 8.3 48.3 845 36.0 40 55.8
10. 275 527 9.3 57.6 . 861 32.8 43 58.0
Stage 2.~Distillation continued at 40 mm Hg
.. 200 392 5.7 63.6 0.875 30.2 46 641 41 | Below 5
12, 225 437 7.8 711 877 20.9 43 70.2 47 20
13.... 250, 482 5.8 76.9 884 28.6 43 62 35
14, 276 527 5.3 82.2 .892 27.1 [ = 5 94 45
15 300 572 4.8 87.0 . 808 26.1 43 180 56
Residuum 2. ___ 12.8 9.8 017 22.8
ls ogravuyatw‘mepamdthmmw"F
'bon residue of crude, 0.1 peroent.
Approzimate summary
Specifio QGravity,
Constituent Percent | gravity? °API
Light gasoline ... . _.__.______ 5.8 0.728 62.
Total gasollne and naphtha__ - 33.7 779 50.
Karosene distillate_ - .. ... | |l
1 .85 33.
2 lo. . 29, 5-27.
Medium lubricating illate_._... 5.8 | .803- .809 | 27.0-25.
Viscous lubricating distillate. .____ 1.2 | .899- .901 | 26,925 .
Residuum. 12.8 .917 22
DistillationJoss_ .. _......._.._.... 20 PR [

1 8pecific gravity at WF compared with water at 60°F.
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LOGISTICS

Personnel and housing.—A geologist and a dnllmg
foreman were in charge of operations at the well; 2
drillers, 2 tool dressers, and 2 firemen made up the crew.
Other workers, such as a welder to redress the drill
bits, a mechanic, a bulldozer operator, a cementer,
and laborers, came from Umiat camp when necessary;
the personnel was housed and fed there. Three wani-
gans at the rig site housed the cement pump, the water,
and power supply and boiler.

Vehicles and heavy equipment.—Caterpillar tractors,
LVT’s, cranes, and weasels were kept at Umiat camp
except when they were needed. The drilling equip-
ment used by Arctic Contractors included a Cardwell
spudder, with a model H double-drum drawworks
and spudding attachment and a 55-foot Cardwell mast.
Power was furnished by a Caterpillar D8800 diesel
engine, and electric power by a 15-kilowatt generator
with a Caterpillar D34600 diesel engine.

Fuel, water, and lubricant consumption.—Petroleum
products and water required to drill the well were
10,537 gallons of diesel fuel, 637 gallons of 72-octane
gasoline, 90 gallons of 65-octane gasoline, 150 gallons
of kerosene, 182 gallons of no. 9170 lubricating oil,
25 pounds of grease, and 77,355 gallons of water.

DRILLING OPERATIONS
DRILLING NOTES

The Cardwell cable-tool rig was mounted on a sled
and towed to the well site by a D8 Caterpillar tractor

and set on a foundation of 12- by 12-inch timbers -

on a thin mat of gravel. The following drilling opera-
tions were recorded by Marvin Heany and Kenneth
R. Freed, of Arctic Contractors.

Notes from drill records

Depth (feet) Remarks
7 S Some gravel from mat underneath rig fell into

hole and was cleaned out down to an ice.

lens; a barrel was set in hole, but did not
prevent gravel from falling into hole.

60 e Sack of Cal-Stal was used to cement around
base of barrel to stop caving. Operations
stopped 1 hr for engine repair.

(| T Cemented 11%-in., 47-lb J55 National seam-
less casing to 70 ft with 35 sacks of Cal-Seal.

532 - Hole bailed dry and shut down 10% hr to
repair rig and spool new drilling line.

758 e Lost bailer and 90 ft of line in the hole and
recovered in 4% hr,

1,006 .. ___ The hole was filled back 23 ft with cavings.

1,125 __._____. Drilling line broke while reaming at 1,095 ft,

leaving tools and 900 ft of drilling line in
hole, but they were recovered in 15 hr
with pronged grab. Cavings filled hole to
1,059 ft but were cleaned out before drilling
deeper.

EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 194453

Notes from drill records—Continued

Depth (feet) Remarks

1,149 . _____ Hole caved somewhat while drilling.

1,174 ... Lost bailer in hole but recovered in 2 hr,

1,192 . __ Lost bailer in hole again but recovered in 3 hr.

1,220 _________ Rig repairs and line splicing took 13 hr.

1,233 _______ Lost bailer in hole but recovered in 9 hr,

1,249 _______ Hole caved considerably. Stopped operations
5 hr to aplice drilling line; afterwards, hole
found to be filled with cavings to 1,210 ft,

1,258 _________ Drilling line broke, leaving tools in hole; re-

' covered tools in two fishing operations.
1,282 _______ Hole still caving considerably.
1,339 _________ Hole caved badly from 1,295 to 1,339 ft, and

tools stuck in hole at 1,316 ft but were freed
after 3}% hr of jarring; cavings cleaned out,
although the tools caught often. Bailer lost
in hole when line broke at 1,322 ft, but it
was fished out in 5 hr. Continual bailing
of cavings was necessary while last few feet
to 1,339 ft were drilled.

Casing set at 1,339 ft using 13 joints of 24-1b
8 V-thread casing with Baker float shoe on
bottom and 51 joints of 32-lb 8-V thread
caging on top. Top of casing 3 ft 9 in.
below derrick floor. Top of casing cemented
with 200 sacks of type-C construction cement
treated with 500 lb of calcium chloride.
Plug placed with 600 lb of pressure, and
hole closed in at same pressure. After
standing cemented 56 hr, top of annulus
was cemented with 10 sacks of Cal-Seal.
Cement, was drilled out from 1,330 to 1,339
ft, and hole drilled ahead without bailing
brine out of hole.

1,360 _______ Tools stuck 4 ft above bottom of hole; jarring
tools caused spudder-arm pin to shear, but
it was repaired in 3 hr; more jarrirg did not
loosen tools. Fishing operations were
successful.

1,518 ______ Owing to extensive caving spent 80 hr cleaning
out hole between 1,470 and 1,518 ft, com-
pared with 34% hr in drilling. Caving also
caused tools to stick in hole several times,
and soon after drilling to 1,518 ft, the hole
gradually filled up to 1,445 ft before an
Aquagel-brine mud, held at level of 990-
1,000 ft, allowed hole to be cleaned out.

. During cleaning, crown block froze but was
thawed out without any damage.

1,578 e Mud very viscous, especially at bottom while
drilling hole from 1,518 to 1,573 ft. Mud
later thinned with water before tubing was
run for swabbing test.

After test, hole partly cleaned out again;
cleaning very slow because of large amount of
caving. Bailer stuck at 1,453 ft, and line
broke, leaving bailer and 600 ft of line in
hole. These were retrieved but stuck again
at 1,450 ft and were recovered. Before
another test was made, hole was slowly
cleaned out to total depth in spite of caving,
with mud level kept at 1,000 ft,
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Notes from drill records—Continued
' Remarks

At end of swabbing test, a wind of 90-100
mph forced operations to shut down for
15 hours, during which time the rig filled with
snow. Cleaning out and thawing rig re-
quired over a day, and 46 hr were lost
because of storm. Before resuming drilling,

spent additional time steaming ice and
snow out ;’)f cellar.

Hole was filled with mud to 600 ft, but caving
shale previented hole from being cleaned out
easgily and often caught bailer, necessitating
fishing jobs. . Freezing crown sheaves also
added todifficulties.

Hole was cleaned out to 1,520 ft and filled to
700 ft with drilling mud before abandoning.
An 8% by 12-in. nipple was put on top of
casing, with flange welded to it. Nipple had
a 2-in. side port closed by a 2- by 8-in. nipple
and a 2-ih., 500-lb gate valve. Top of as-

" sembly is ﬁ ft above ground.

DRILL Argm CORE BITS

Of the 21 redressed ca.ble-tool bits used in the hole,
17 were used. for drilling,;and 4 (no. 16 and the last 3)

were used for cleaning cut. At some depths one bit
was used for short alternate intervals of drilling and
reaming; to avoid confusion on the graphic log (pl. 12),
these bits are shown as having drilled only. Six Baker
5%-inch core bits cut 101 feet of core and recovered
about 78 percent of the unit cored.

DRILLING FLUID

Above 650 feet mud made of brine and Aquagel (25
Ib or more of salt per barrel of water) was used to keep
the bit lubricated and to remove cuttings. Between
650 and 1,339 feet oil-bearing sandstone beds furnished
oil for the dm]lmg fluid, which stayed at a level of about
640 feet. After the casing was set, a viscous Aquagel-
brine mud was kept at a level of 1,000 feet to keep
the hole from caving so that drilling could proceed.

UMIAT TEST WELL 11

Location: Lat 69°24’29’" N., long 152°05'58'" W.
Elevation: Ground level, 464 feet; kelly bushing, 481 feet.
Spudded: June 3, 1952

Completed: August 29, 1952; dry and abandoned.

Total depth: 3,303 feet.

The last and most northerly hole on the Umiat anti-
cline, Umiat test well 11, was drilled to test the pro-
duction possibilities of the sandstone beds of the Grand-
stand formation on the northern, downthrown side
of a fault that parallels the axis of the anticline and to
determine whether oil could be produced from any
younger sandstone units:’ Several sandstones, most of
which are between 2,050 and 2,850 feet, had slight
shows of oil or gas; but formation tests recovered only
brackish water or drilling mud.

428224 5§——8

DESCRIPTION OF CORES AND CUTTINGS

The test well, on Bearpaw Creek, was spudded in a
thin mantle of alluvium. Beneath the alluvium the
drilling penetrated the nonmarine Tuluvak tongue
(Prince Creek formsation) between 22 and 545 feet
wheresandstone and siltstone are interbedded with shale,
coal, and bentonite. A few thin marine beds contain
a sparse microfauna. The Seabee formation was found
between 545 and 2,040 feet. The upper part of this
formation consists of 190 feet of medium-gray clay
shale, a 55-foot bed of sandstone, and 300 more feet of
medium-gray clay shale. Below 1,090 feet the clay
shale is darker, harder, and nonbentonitic. A 55-foot
very fine- to fine-grained medium-light-gray sandstone
composed of angular grains of clear and white quartz
and abundant flakes of biotite is present between 1,315
and 1,370 feet; sandstone and shale are interbedded
below it to a depth of 1,500 feet. Another very fine-
grained sandstone with abundant biotite occurs be-
tween 1,810 and 1,845 feet. Between this and the base
of the formation is medium-light-gray siltstone also
containing biotite flakes, with a few thin beds of shale
and sandstone.

Borisstakoceras sp., the ammonite typical of the
Seabee formation, was found at approximately 1,230
and 1,427 feet; Inoceramus prisms and minute fishbone
fragments are also present, although rare. The lower
part of the formation also contains some Foraminifera.

The shallow-water marine Ninuluk formation (2,040~
2,160 feet) is represented in Umiat test well 11 by ‘a

massive sandstone, with a 10-foot shale bed in the

middle. The upper 50 feet is calcareous and imper-
meable; the lower part is noncalcareous, and perme-
ability ranges from 14 to 56 millidarcys. The formation
was oil stained but when tested produced only water.
The massive sandstone is underlain by about 20 feet of
siltstone. Samples of cores from the basal 25 feet of
the formation contain abundant specimens of Trocham-
mina rutherfordi Stelck and Wall, a foraminifer com-
monly found in the Ninuluk formation.

Beneath the Ninuluk formation is the Killik tongue
of the Chandler formation, a nonmarine sequence of
interbedded silty sandstone and shale 260 feet thick
(from 2,160 to 2,420 feet). A few thin beds of coal are
present in the upper 50 feet of the formation, and .a
1-inch bed of bluish-gray bentonite was noted at
2,235 feet. A thin sandstone bed at 2,420 feet marks
the base of the Killik tongue. Underlying the Chandter
and between 2,420 and 3,075 feet is the Grandstand for-
mation. The upper 20 feet, of medium-dark-gray
clay shale, contains the uppermost occurrence of the

Verneuilinoides borealis fauna. The shale is underlain’

by approximately 100 feet, of very fine- to fine-grained
sandstone, with a few 10-foot interbeds of medium-

B e, i
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dark-gray clay shale. Below the sandstone is 260 feet

of silty clay shale with rare thin beds.of siltstone and a

10-foot and a 15-foot bed of very fine-grained sand-

Lithologic deseription—GCentinued

Depth (feet)

Remarks

stone. The 275 feet at the base of the formation in-.|

cludes a massive, fine-grained sandstone between 2,805 |
and 2,905 feet, and twe massive, very fine-grained |

sandstone beds at 2,970-3,020 feet and 3,030-3,075
feet, separated by beds of siltstone and clay- shale.
The upper sandstone has a permeability of 100400
millidarcys, and there were some shows of oil, but it
yielded water when it was tested.

The Topagoruk formation was  drilled between
3,075 feet and the total depth at 3,303 feet. An
apparent recurrence at 3,210 feet of ‘a microfauna first
found at 2,700 feet suggests the presence of & reverse
fault with about 500 feet of throw at 3,210 feet. - The
formation is all shale with no distinctive characteristics
that would either corroborate or disprove a fault.

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

Core Depth (feet) Remarks

...... 0-17 | Kelly bushing to ground level.

_____ 17-20 | No sample.

_____ 20-22 | Surface gravel composed of rounded
) pebbles and grains of yellow and white
chert and clear quartz; coal, limonite,
and medium-gray argillaceous siltstone
are probably of Colville (Late Creta-
ceous) age. L

..... 22-30 | Siltstone, medium-gray, argillaceous, and
medium-dark-gray clay shale, with rare
coal. A few pieces of very fine-grained
hard sandstone with common -green
grains and fine-grained greenish-gray
sandstone also present. Top of Tuluvak
tongue of Prince Creek formation at or
just above 22 ft.

..... 30-50 Coal, black, shiny to dull, blocky fracture |
. to shaly cleavage, with some clay iron-
stone. :
————— 50-60 | Coal, with some light-gray, hard, non-
. caleareous siltstone.
e 60~70 | Sandstone, light-gray, fine- to medium-

grained, salt-and-pepper, slightly cal-
careous, argillaceous, slightly mica-
ceous, composed of angular -ta sub-
angular grains. of - white and . clear
quartz, gray chert, and dark rock
| fragements. :

..... 70-80 | Clay shale, medium- to medium3light-
gray, noncalcareous, nonbentonitic;
minor amount of clay ironstone. -

R 80-90 | Sandstone, with minor amount of clay

.ironstone. Sy )
_____ ’ 90-100 | Clay shale, very silty, with some fine- to
medium-grained sandstone. ;. -

..... 100-112 | Sand, with minor amount of coal. .
_____ 112-115 | Sample contains surface contamination
and cement. . : )
1 115-136 | Recovered 20 ft 6 in.: Microfossils absent.

3 ft 6 in., sandstone, light-gray, fine-
grained, salt-and-pepper;: . massive,
somewhat friable, noncalcareous,
micaceous, with bentonite cement,
with common carbonaceous particles;
composed of ‘angular to subrounded

* clear and white quartz with dark rock

“136~156

156-161
161-165

165-171
171-176

176-205

205-210
210-215
- 215-222

222-242

fragments, carbonaceous particles,
biotite, and rare yellow grains.
Frosted grains are rare. Base of in-
terval marked by thin (less than one-
fourth of an inch) beds of sandstone
that dip 20° and contain abundant
grains of light-brown gypsum (?),
with flakes of carbonaceous material
and biotite.

1 ft 6 in., sandstone as above, but
slightly coarser, c¢alcareous, and with
abundant laminae of slightly darker,
slighth carbonaceous sandstone that
dip 20°.

- 10 £t 6 in., sandstone as in top of core,
but noncalcareous to slightly calcar-
eous except for very ealecareous basal
1 ft. Near base of interval are a few
laminae and thin beds of very calcar-
eous sandstone that have abundant
grains of light-brown gypsum, with
rare particles of biotite and carbona-
ceous material.

1 ft 4 in., sandstone as above, with in-
creasing number of poorly defined,
slightly darker laminae and thin beds
(one-half an inch thick or less) that
contain carbonaceous material.

3 ft 8in., sandstone as in top of core, but
grading to very fine grained at base.

Recovered 20 ft: Microfossils rare. .

9 ft 3 in., sandstone as at base of core 1,
becoming more bentonitic and slightly
darker with depth. Dark, slightly
carbonaceous laminae common in
basal 1 ft dip 16°. :

9 ft 3 in., claystone, medium-light-gray,
friable, very bentonitic, noncalcare-
ous,: subconchoidal fracture, with
some carbonaceous particles and
gilty laminae. Becomes silty toward
base. ‘Two 1-in. beds of light-brown-
ish-gray slightly- calcareous very

“slightly bentonitic clay ironstone at

14% and 151 ft. A 1-in. bed of
light-gray argillaceous bentonitic silt-
stone with carbonaceous laminae at

. 146 ft. Grades into unit below.

1 ft 6 in., siltstone, light-gray, very
argillaceous and bentonitie, noncal-
careous, with interbedded 1-in. beds
of claystone as above.

Clay shale, medium- to medium-light-
gray, bentonitic, with rare carbona-
ceous partings and silt laminae.

Sandstone, very fine-grained, medium-
light-gray, very bentonitie, very argil-
laceous and silty; minor clay shale.

Clay shale. S

Clay shale; medium-light-gray calcareous
bentonitic siltstone; and fine- to
medium-grained sandstone.

 Clay shale, medium- to medium-light-

‘gray, bentonitie, noncalcareous; minor
amount of siltstone and sandstone in
lower part. i
Clay shale and sandstone.
Clay shale, with minor amount sand.
Sandstone, very fine-grained; composed of
white and clear quartz. i
Recovered 20 ft: Microfossils absent.

2 ft 2 in., claystone, medium-gray,
bentonitic, micaceous, slightly silty,
noncaleareous, with blocky fracture.
Light-brownish-gray clay ironstone
1 in. thick at base.
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Lithologic description—Continued

Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

242-262

262-268
268-278

278-298

5 ft 10 in., sandstone, light-gray, very
fine-grained, bentonitic, very silty,
moderately friable, massive.

1 in., clay ironstone, light-yellowish
brown, silty, very slightly calcaredus.

11 in., sandstone, light-gray, fine-
grained, salt-and-pepper, very
bentonitic, noncalcareous, with yel-
lowish laminse containing sideritic
(?) cement. Dip 9°,

8 ft 8 in., sandstone, light-gray, fine-
grained, salt-and-pepper, benton-
itic, massive, noncalcareous, with
nodules of light-grayish-brown clay
ironstone %4-1 in. across at 231 ft;
composed of subangular to subround
graings of clear and white guartz,
with some white, yellow, and dark
rock fragments which include chert
and possibly weathered feldspar.
Very few frosted grains. Scattered
patches of carbonized plant frag-
ments in lower fourth of interval.

Basal foot contains common car-
bonaceous partings, which become
abundant in bottom inch. Dip 10°.

2 ft 4 in,, sandstone as above, but
slightly lighter in color and slightly
finer grained; caleareous, massive,
with no ecarbonaceous partings or
laminae. Becomes very fine grained
and noncalcareous at base.

Recovered 20 ft: Microfossils absent.

8 ft 7 in., sandstone as at base of core 3.

4 ft 8 in., clay shale, medium-light-gray,
poor shaly eleavage; slightly silty in
part; slightly micaceous; bentonitic.

5 in., clay shale, medium-dark-gray,
with streaks of carbonized plant
fragments. Base marked by slicken-
gided surface below which are several
very well rounded black chert peb-

. bles 64 in. in diameter.

10 in., claystone, medium-gray, with
subconchoidal fracture, grades into
unit below.

10 in., claystone, medium-gray, hard,
slightly silty; irregular fracture.

2 ft 6 in., sandstone as in fop of core,
but slightly calcareous in part. A
few clay laminae near base; dip 10°.

1 ft, interlaminated sandstone and
clay shale as above, with sandstone
dominant in upper part and clay
shale dominant in lower part.

4 in., sandstone as above, with clay
laminae,

3 in., clay shale as above, with }4-in.
streak of light.-brownisil-gray clay
ironstone,

7 in., sanidstone as above.

Clay: sﬁa.le, as in cores 3 and 4 above.

Sandstone, ~fine-grained, friable; com-
pased of subangular grains of clear and
white quartz and colored rock frag-

. ments,

Recavered 19 ft 4 in.: Microfossils absent.

4 ft 6 in., clay shale, medium-gray;
slightly silty in parts; bentonitic;
8u choidal to poor shaly cleavage.

6 .in., clay shale, medium-dark-gray,
slightly = silty, carbonaceous, poor

A . . - shaly eleavage.

298-303

303-308
308-313

313-318
318-323
323-328

328

328-348-

348-358

358-363

2 ft 6 in., siltstone, light-gray, very
bentonitic, slightly caleareous, mi-
caceous, with light-yellowish-gray
clay ironstone lenses at 284 and 285 ft.

2 ft 1 in., clay shale as above, with
streaks of silt.

7 in., siltstone as above, with scattered
clay laminae.

2 ft 2 in.,, clay shale as above, with
streaks siltstone.

2 in., clay shale, black, carbonaceous.

-1 in,, bentonite, white.

5 in., coal, black, dull to shiny; shaly
cleavage to blocky fracture,

6 ft 4 in., clay shale as above with coaly
laminae and rare pockets (3% in.
in diameter) of light-yellow amber
in upper 6 in. Rare nodules of light-
yellowish-gray clay ironstone; very
rare grains of amber also present
through rest of interval. Carbonized
deciduous leaf fragments at 294 ft.

Sandstone, medium-light-gray, very fine-
grained; grading to siltstone; calcare-
ous; nonbentonitic; argillaceous; some
clay shale also present,

. Clay shale.

Clay shale, black and medium-gray, with

minor amount coal and white benton-

. ite.

Clay shale, black to medium-dark-gray.

Clay shale, medium-gray, with some
white bentonite.

Sandstone, fine-grained, angular, com-
posed of clear and white quartz with
gray-colored rock fragments.

Circulation sample.

_Sandstone, slightly bentonitic, calcar-
eous, as in core 6 below.

Recovered 20 ft: Microfossil absent,

11 ft 3 in., sandstone, light-gray, very
fine- to fine-grained, very bentonitie,
very calcareous from 328-330 ft and
from 333-334 ft, slightly calcareous
to  nonecalcareous elsewhere. Rare
medium-gray carbonaceous patches

.. and laminae dip 20°.

6 in., claystone, light-olive-gray, friable,
very bentonitic; conechoidal fracture;
1 in. of medium-dark-gray clay shale

at top. i o

4 ft 3 in., clay shale, medium-gray, ben-
tonitic, . nonealcareous, with many
partings, laminae, and thin beds (up
to 1% in. thick) of medium-light-gray
nonealeareous - bentonitic silty clay
shale and siltstone that dip approxi-
mately 10° and make:up about a
third of the rock. Basal 1 ft of
interval medium dark gray.

1 ft 7 in., bentonite, very light-yellow-
ish-gray when dry, olive-gray when
wet. Contains rare seattered specks
of carbonaceous material.

2 ft 5 in., coal, black, shiny; poor shaly
cleavage to blocky fracture. . A 1-in.
bed of bentonite as above is 1 ft

g above base of core. :
Clay. shale, medium-gray, bentonitic
with small amount of siltstone in lower

part.
Clay shale and bentonite, light-yellowish-

gray, slightly argillaceous.
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Depth (feet)

Remarks

Core

Depth (feet)

Remarks

.....

363368

368-373
373-375
375-395

395-400

400-415

415-420

420-425°

425-430°| C
Coal, gray clay shale, black clay shale,

430-435

435-445
445450

450-456

456-476

Sandstone, very fine- ramed, with.-minor
siltstone and clay:

Siltstone, sandy, with mmor clay shale.

No sample,

Recovered 20 ft: Microfossils absent.

2 ft, siltstone, medium-light-gray, argil-
laceous very bentonitic, slightly to
noncalcareous, partly sandy. " Nod-
ules (approximately 1 in. in diam-
eter) of light-yellowish-gray clay
ironstone 18 in. below top.  Grades
into unit below.

6 ft, interbedded siltstone and clay-
stone. Medium- to medium-light-
gray slightly silty to very silty ben-
tonitic claystone with rare podules
of clay ironstone and streaks of silt-
stone. Grades into medium-light-
gray bentonitic noncalcareous ar-
gillaceous siltstone.

3 in., clay shale, medium-dark-gray,
slightly bentonitic.

10 in., coal, black, shiny, with blocky
fracture,

1 it 3 in,, coal, black, shiny,. shaly
cleavage.

8 in., ¢oal, black, shiny, blocky fracture

51in,, bentonite as in core 6.

3 in., coal as above.

2 in., bentonite as above.

9 in., coal as above.

8 in., coal, black, shiny to dull, shaly ‘

cleavage

1 ft 10 in., bentonite as above,

11t 4 m coal as above; grades into
unit below.

6 in., claystone, medium-dark-gray,
bentonitic; conchoidal fracture; grades
into unit below.

5 in:, clay shale, black, carbonaceous,
with abundant coaly laminae.

1 ft 4 in., bentonite, argillaceous; with
a few specks of amber, grades into
unit below.

1 ft 4 in., claystone, medium-gray;
grades with depth from very to
slightly bentonitic, and friable t¢ hard.

Siltstone, with some bentonite and
medium-gray clay shale; trace of black
shale.

Siltstone, medium-light-gray, very slightly
bentonitic to nonbentonitic, noncal-
ccareous; minor amount clay shale at
base.

Coal, with some black shale. :

Clay shale, medium-gray, with ' some

cola,l and black shale.

oal

and sandstone. -

Siltstone, with clay shale in lower half.

Coal and black clay shale.

Clay shale, medium-gray, with coal and
minor amount of clay ironstone.

Recovered 20 ft: Microfossils absent.

4 ft 9 in., claystone, medium-gray, very
silty, micaceous, calcareous, very
slightly bentonitic. Intercalated me-
dium-dark-gray clay and streaks of
medium-light-gray siltstone dip ap-
proximately 13°; irregular lenses of
clay ironstone common; ¥%-in. coal

" bed at base of interval. Grades into
unit below.

10

476-496

. 496-516

5 ft 3 in., elaystone, medium-dark-gray,
noncalcareous, - bentonitic to very
bentonitic, nongilty; conchoidal to
subconehoidal fracture. Coaly lam-
inae at base; 3-in. nodule of clay
ironstone at 465 ft.

4 ft 5 in., clay shale, medium-gray, non-
caleareous, with laminae of slightly
crossbedded siltstone and carbona~
ceous partings. A 6-in. section begin-
ning 6 id. below top of interval is
dominantly sandy, slightly calcareous
siltstone. Streaks of yellowish-gray
clay ironstone are rare in upper half,
common in lower half. Dip ranges

- - from less than 1° to 5°.

91in., coal, black, shiny; blocky fracture;
shaly at top and bottom.

2 in., bentonite, medium-light-gray,
argillaceous; conchoidal fracture.

1 ft, eoal, black, shiny; blocky fracture;
lens (one-~half inch thick) of earbona-
ceous, sandy, silty bentonite 2 in.
below top of section.

1 ft 4 in., bentonite, light-olive-gray,

* slightly argillaceous, with rare flakes

carbonaceous material. Grades to

olive gray at base.

ft ‘9 in., coal as above, becoming

shaly at base; suggests dip of 5°-10°,

7 in., claystone, medium-dark-gray,
bentonitic, conchoidal fracture with
‘rare carbonaceous particles.

Recovered 20 ft: Microfossils absent.

© 6 in., claystone as above, grades into
unit below.

10 in., clay shale, black, carbonaceous,
figsile, with coaly lamlnae, grades
into unit below.

41in., coal, black, shiny, blocky fracture.

3 in., bentonite; very light yellowish
gray when dry; olive gray when wet.

-2 in., coal as above.

- 1in., bentonite as above.

10 in., coal as above.

3 in., bentonite as above.

4 'in., siltstone,  medium-gray, very

- argillaceous and bentonitic, noncal-
careous.

. B 'in., clay shale, medium-gray, ben-
tonitic.

1 ft, siltstone as above.

2 ft; sandstone, medium-light-gray,

[

-4 very fine-grained, very silty, argilla~

- eeous, bentonitic, noncalcareous, with
common medium-gray elay shale lam-
inae in lower part that dip 5°-12°.

4 ft 9 in., sandstone, medium-light-
gray, very fine- to fine-grained, ben-
tonitic, noncalcareous, with abundant
euhedral biotite flakes. No odor or

cut of oil; greasy stain in CClL
from 483 ft.

3 in., coal as above.

6 ft 9 in., bentonite as above.

6. in,, clay shale, medium-dark-gray,
slightly coaly, fissile.

9 in., claystone, medium-gray, slightly
to very silty, hard, slightly bentonitie,
nonealcareous; uregular fracture.

Recovered 20 ft: Microfossils absent.

8 ft 2 in, claystone and bentonite;
section grades from claystone as in
core 9 above, through light-olive~
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Core

Depth (feet)

Remarks

Core

]jgpth (feet)

Remarks

11

12

516-536

536-549

gray very bentonitic claystone with
eonchoidal fracture to very argilla-
ceous. olive-gray bentonite. Rare
slickensided surfaces. Three . beds
of medium-dark-gray clay shale 1,
2, and 3 in. thick at 502, 503, and
504 ft, respectively.

3 in., bentonite, grayish-white, with
seattered flakes of carbonaceous
material.

5 ft 2 in., bentonite, light-olive-gray,
very: argillaceous; conchoidal frac-
ture; grades into. = medium-gray
slightly silty very bentonitic clay-
stone.

6 ft 5 in., sandstone, medium-light-
gray, fine-grained, salt-and-pepper,
calcareous to wnoncalcareous. Top
2 in, very fine grained. Grains sub-
angular, clear and white quartz and
gray chert. Biotite abundant; rock
fragments rare. Bedding planes,
marked by abundant large (medium
sand size) ecuhedral biotite plates
dip 16°. A %-in. bed of medium-
gray claystone at 505 ft.

Recovered 19 ft 6 in.: Microfossils absent.

6 in., sandstone as above, grades to
medium grained at base.

2 ft 11 in., sandstone as above, but
medium grained. Sharp contact
with very fine-grained sandstone
below dips 18°. Effective porosity
at 519 ft 16.75 percent.

4 in., sandstone as above, but very

- fine grained, calcareous.

1 ft 3 in., sandstone as above, but fine

ained; an 8-in. section between
520 and 521 ft is light brownish gray
and contains sideritic (?) eement.
Grades into unit below.

1 ft 4 in., sandstone, medium-grained, -

slightly ‘calcareous. )

2 f§ 5 in:, sandstone, very fine-grained,
very ‘cal¢éareous; 55.7 percent car-
Bonate content by weight at 524 ft;

" glightly lighter color than overlying
sandstone; sharp contact with over-
lying sandstone dips 18°.

1 ft 3 in., sandstone as above, but fine
graine(f.

3 ft 5 in;, sandstone, very fine-grained,

very calcareous, slightly lighter color
than overlying sandstone. Faint oil
ddor; no cut; yellowish stain in
CCl, from 535 ft.

5 ft 3 in., sandstone as above, but
medium grained, calcareous; abun-
-dant’ earbonaceous flakes and car-
boniged plant fragments in lower 3

in. .
10 in,, sandstone, light-yellowish-brown,
fine-grained, bentonitic, noncalcare-
ous, with abundant streaks of car-
bonaceous material. Color is due
to light-brown gypsum (7) cement.

Recowvered 13 ft 3% in.: Microfossils com-

mon.

6 ft., sandstone as in 5 ft 3 in. interval
sbove, but fine grained, coarsening
glightly with depth. Upper inch has
common patches of carbonaceous
material. Good odor eil in lower
part, faint odor in upper part; no
eut, yellowish stain in CClL, at 545 ft.

12

13

536-549

549-551
551-571

571-580
580--590

590-610

610-620

620-630
630-650
650-709

709-729

729-735
735-742

742-762

2 ft 3 in., sandstone as above, but
medium grained, with rounded peb-
bles of medium-gray bentonitic shale
up to 2 in, in diameter, scattered
through lower foot.

1 ft 5 in,, clay shale, medium-gray,
bentonitie, poor shaly cleavage. Top
of Seabee formation at approximately
545 ft. )

3 in., sandstone as above, but fine to
medium grained, noncalcareous.

2 in., clay shale as above.

4 in., sandstone as above,

7 in,, clay shale as above.

14 in., sandstone as above.

2 in,, clay shale as above.

1 ft 7 in., sandstone as above.

6 in., clay shale as above.

No sample, )
Recogered 15 ft: Microfossils very abun-
ant. :

8 ft, claystone, medium-gray, slightly
bentonitic, noncalcareous, with. rare
flakes of biotite, light-colored mica,
and carbonaceous material. - Three
5-in. beds of medium-light-gray ben-
tonitic noncalcareous siltstone at 552,
553, and 557 ft. Siltstone-claystone
contacts usually sharp; beds dip
from less than 1° to. 15°,

2 ft, siltstone, medium-light-gray, ben-
tonitic, noncalcareous.

5 ft, claystone as above, with irregular
thin (4-1 in.) siltstone lenses as in
claystone above, totaling 25 percent
of lower 4 ft of core.

Siltstone, light-gray, very micaceous (bio-
tite), very bentonitie.

Sandstone, fine-grained, subangular, clear '

and white quartz with gray, dark, and

colored rock fragments.

Clay shale, medium-gray, silty, benton-
itic, with minor amount of clay iron-
stone in lower half.

Clay shale, medium-gray, silty, benton-
itic; and medium-light-gray slightly
bentonitic caleareous siltstone.

Clay shale.

Clay shale with siltstone.

Clay shale, medium-gray, silty, benton-
itic .to slightly bentonitic, with minor
clay ironstone at 670-680 ft.

Reeovered 18 ft 6 in.: Microfossils abun-

dant.

Clay shale, medium-gray, very slightly
bentonitie, noncaleareous, nonmica-
ceous, with poor shaly to subcon-
choidal cleavage. Rare discontin-
uous medium-light-gray silty lami-
nae dip 6°-10°,

Siltstone, sandy, bentonitic, noncalcare-
ous, friable.

Sandstone, fine-grained, friable; composed
of angular to subangular white and
clear quartz and dark rock fragments.

Recovered 19 ft: Microfossils absent.

1 ft 3 in., sandstone, medium-light-gray,

fine-grained, silty, argillaceous, mas-
sive, very calcareous, with abundant
biotite flakes. Sand composed of
angular to subangular clear and
white quartz and dark rock frag-
ments, with grains of gypsum and
coal.
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Core

Depth (feet)’

Remarks

Depth (feet)

Remarks

16

762-782

782-790

790-800
800-805

© 805-825

15 ft 3 in., sandstone as above but non-
caleareous; slightly coarser between
745 and 747 ft; 2 partings, 2 in.
apart, of carbonaceous (not coaly)
material that contains a few small

fragments (up to one-fourth inch in |

diameter) of light-yellow amber. A
1-in. interval at 750 ft also contains

very fine discontinuous carbona- |

ceous partings that dip 7°.

2 ft 6 in., sandstone as above, but very |

fine grained, very calcareous.
Recovered 20 ft: Microfossils absent.
8 ft 2 in., sandstone, medium-light-
gray,fine-to very fine-grained (grading

. to fine grained at base), silty argilla- |

ceous, massive, calcareous, very
slightly bentonitic, with abundant
biotite.  Poor ' shaly . cleavage in

lower 1 ft dips 15°. Six inches above |

base is 2-in. bed of medium-light-
gray very sandy shale. At 763 ft
effective porosity 12.7 percent; rock

is impermeable; carbonate content |

percent by weight 7.82. Sandstone
grades into unit below.

1 ft 7 in., sandstone as above, but
medium grained, salt-and-pepper,
and more bentonitic. A 1-in. pebble

of light-gray clay shale with omne |

slickensided surface and a 1-in. patch
of carbonaceous material 10 in:
below top; coaly particles as much as
one-sixteenth of an inch in diameter
common throughout. Sharp con-
tact with sandstone below.

3 ft 7 in., sandstone, as in top of core,
but very fine grained, with rare
laminae of medium-gray clay shale
in bottom 2 in.

7 in., claystone, medium-gray, slightly
to very silty, nonbentonitic, mica~
ceous, very slightly calcareous; grades
into unit below.

1 ft 6 in., siltstone, medium-light-gray,
very to slightly argillaceous,

-1 ft, claystone, medium-gray, slightly

bentonitic, with ¢onchoidal fracture.

1ft 3 in., sandstone; as above, but very
fine grained. )

2 ft 4 in., intergraded and interlami-
nated medium-light- to medium-gray
very argillaceous: siltstone and me-
dium-gray claystone. A 2-in. bed of
very fine-grained sandstone 4 in.
above base of core dips about 5°.
Some very fine-grained claystone and
fliltéstone laminae slightly ecrossbed-

ed.

_Sandstone, very fine-grained, calcareous,

slightly bentonitic.

Clay shale, silty, with some very fine-

.grained sandstone and trace of fine-
grained sandstone.~ Inoceramus frag-
ments present.

Sandstone, very fine-grained, calcareous,
slightly bentonitic; driller reported oil
on ditch while drilling at 804 ft;
formation test recovered mud.

Recovered 20 fi: Microfossils rare.

Siltstone, medium-light-gray, argil-
" laceous, noncalcareous, very sandy
in upper 1 ft; streaks of medium-gray
claystone %2 in. thick throughout
totil approximately 10 percent of
rock, ) :

825-845
845-855
855-965
965-975

975-1, 005
1, 005-1, 025

1, 025-1, 030

1,-030-1, 050

Sandstone, very fine-grained, calcareous,
slightly bentonitic; grades to very
caleareous siltstone.

Clay shale, medium-gray, slightly benton-
itic; slightly silty in part, some silt-
stone. )

Clay shale, ‘medium-gray, slightly silty
and - bentonitic in lower part; minor
amount of very ﬁne—grained silty sand-
stone in bottom 10 ft.

Clay shale with siltstone, grading to very
fine-grained sandstone.

Clay shale, with small amount of siltstone
in ypper 20 ft.

Recovered 20 ft: Microfossils absent.

5 in., sandstone, light-gray, very fine-
grained, very slightly calcareous,
crossbedded, with faint laminae of
clay shale at top and bottom.

2 in., claystone, medium-gray, very
slightly silty; conchoidal fracture,

10 in., sandstone as above, but with
one claystone streak at top; grades
into siltstone with two »¢-in.-thick
lenses of clay ironstone and medium-
gral,%r .claystone laminae in lower

alf.

2 in., claystone with laminae of silt-
stone.

9 in., siltstone and clay shale, inter-
laminated, slightly carbonaceous,
with small amount of clay ironstone
in upper half.

4 ft 8 in., clay shale, medium-gray,
slightly silty, noncalcareous, with
common laminae of medium-light-

ray argillaceous siltstone and part-
ings of carbonized plant fragments,
Dip 13°. A 3-in. interval of cross-
Pedded very sandy siltstone at 1,011
t

4 in., siltstone, very sandy, cross-
bedded, as at 1,011 ft.

3 in., clay shale as above.

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

11 ft 6 in., clay shale, medium-gray,
silty, noncalcarecus, good to poor
shaly cleavage, with siltstone laminae
and medium-dark-gray clay laminsae.
Siltstone beds 2—4 in. thick at 1,015,
1,016, and 1,021 ft. Streaks of
slightly yellowish-gray clay ironstone
rare. Dip 13°. Immature speci-
men of Inoceramus labiatus Schlot-
heim at 1,015 ft.

Sandstone, medium-light-gray, very fine-
grained, calcareous, very slightly
bentonitic.

Recovered 10 ft: Microfossils abundant. .

11 in.,lclg.y shale as in base of core 18;
ip 14

8 in,, siltstone, light-gray, sandy, as in
core 18, slightly crossbedded, with
carbonaceous and clay shale laminae.
Clay ironstone one-half an inch
thick 2 in. below top of interval.

5 in., clay shale, medium-gray, silty,
noncaleareous, with fair shaly cleav-
age dipping 15°,

1 ft 2 in., sandstone, light-gray, very
fine-grained, very silty and argil-
laceous, noncalcareous, massive; 1-
by 2-in. pyrite nodule 7 in. below
top of interval is underlain by 1-in,
fragment of coal.
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Core

Depth (feet)

Remarks

Core

Depth (feet)

Remarks

20

1, 050-1, 060

1, 060-1, 090

1, 090-1, 100 -

1, 100-1, 150

1, 150-1, 160

1, 160-1, 170
1, 170-1, 180

1, 180-1, 220

1, 220-1, 230

1,230-1, 245

1, 245-1, 295

- 1,295-1, 305
1, 305-1, 310

1, 310-1, 315
1, 315-1, 322

1,322-1, 330

3 in., claystone, medium-gray, very
silty, with streaks of siltstone.

2 ft 4 in., sandstone as above, but with
streaks (one-half an inch thick) of
claystone, dipping 22°-27°, near top,
and scattered fragments of clay
shale up to 134 in. long, which are
inclined 20°-30°.

4 ft 8 in., clay shale as above, with a few
carbonaceous partings and thin (as

much as 2 in.) beds and laminae of

giltstone totaling:10 percent of core.

One 1-in. bed of very fine-grained .

sq,ndstogle 7 in. below top of interval

ps 10°. .
Sandstone, medium-light-gray, very fine-
grained, nonbentonitic,
noncaleareous; trace of white benton-

ite. .
Clay shale, medium- to medium-dark-
gray, silty, bentonitic; and medium-

argillaceous,

gray noncalcareous siltstone; slightly

bentonitic in lower half,

Clay shale, medium-dark-gray, less ben-
tonitic and harder than that above;
some siltstone.

Clay shale, medium-dark-gray, with mi-

nor siltstone at base,

Clay shale with some siltstone.

Clay shale.

Clay shale and light-gray slightly argil-
‘laceous bentonite,

Clay shale, medium- and medium-dark-
gray, with some siltstone; small amount

of - very fine-grained medium-light-.

gra
10 £t.
Clay :shale, medium-gray
tonitic, and medium-dark-gray very
slgght]y bentonitie, slightly harder clay

bentonitic sandstone in bottom

glightly ben-:

shale. :
Recovered 15 ft: Microfossils very rare.

Claystone, medium-gray, noncalcare-
ous; conchoidal fracture; with some
laminae of medium-dark-gray clay-

stone and medium-light-gray silty

claystone.
mately 10
1,230 ft. Fish
fragments throughout core;

Clay shale as in core 20 above, with clay

ironstone at 1,275-1,285 ft, and minor’

siltstone at 1,265-1,275 ft.

Claystone as above, and light-bluish-gray
slightly argillaceous bentonite.

Clay shale as above, but slightly silty
in R

No sample.

Sandstone, light-gray, very fine-grained,
caleareous, very micaceous; composed
of clear and white quartz and dark

- roek fragments.

Recovered 7 ft 8 in.: Mierofossils absent.
Sandstone, medium -light - gray, very:
fine-grained, very silty and argilla-
ceous, noncalcareous, massive, coms~
posed of angular to subangular clear.
and white quartz and gray rock frag-'

ments, with abundant biotite flakes.

Lower 18 in. of core slightly coarser,
grading to fine grained at base; bot~’

tom 1 ft calcareous. Beds (5 in. thick)

of claystone, as in core 20 above, at: |

1,323 and 1,324 ft; dip 10°,

Dig of laminae approxi-:
°:  Borissiakoceras sp. at .
scales .and fishbone .

22

23

24

1, 330-1, 341

1, 341-1, 354

1, 354-1, 356

1, 3561, 357
1, 357-1, 377

Recovered 6 ft 6 in.: Microfossils absent.
3 ft 9 in,, sandstone, medium-light-gray,
fine-grained, very calcareous, hard,
massive, with abundant biotite plates
and a few nearly vertical calcite
veinlets (under one-sixteenth of an
inch thick). Sand grains angular to
subangular clear quartz with white
quartz and gray rock fragments; rare
grains of carbonaceous material and
gypsum (?) also present.

2 ft 9 in., sandstone as above, but
slightly darker, noncalcareous, mod-
erately hard.

Recovered 5 ft 4 in.: Microfossils absent.

6 in., sandstone as in core above,
slightly to very calcareous.

4 ft 10 in., sandstone, medium-gray,
fine- to very fine-grained, silty, non-
calcareous, very slightly. bentonitic,
massive, with abundant biotite plates.

- A 2-in. bed of medium-gray noncal-
careous siltstone with carbonaceous

artings and rare grains of amber at
ase 1 ft. above base of core.
Recovered 1 ft 6 in.: Microfossils absent.

Sandstone, olive-gray, very fine-grained,
slightly silty, very calcareous (car-
bonate content 47.7 percent by
weight), hard; composed of angular to
subangular grains of clear and white
quartz with abundant green (chert?)
grains, gray and dark rock fragments,
and biotite.

Sandstone as in core 24 above.
Recovered 18 ft 4 in.: Microfossils absent.

11 ft 8 in., sandstone, medium-light- to
light-gray, fine-grained, silty, argilla-
ceous, slightly calcareous to non-
calcareous, massive; slightly coarser
grained at base. Flat pebble of -
medium-gray clay shale 3 in. 'in
diameter and one-half an inch thick
4 in. below top of core; a few chips of
medium- or medium-dark-gray shale
oceur in a Y-in. streak of slightly

_coarser sand; dip approximately 15°.
A 7-in. interval of medium- to fine-
grained sandstone 2 ft below top of
core contains flat or oval well-rounded
pebbles of medium-gray clay shale;
pebbles concentrated in central third
of interval but are present through-
out. They range from % in. to 2% in.
in long diameter and lie nearly flat.
Two %-in. beds of medium-gray clay

. shale at 1,359 ft.

6 in., clay shale, medium-gray, non-
ealcareous, slightly silty in lower part,
with silty laminae dipping 20°-23°.
Sharp basal contact with underlying
sandstone dips 15°, in same direction
as laminae.

7 in., sandstone as above; contact with
underlying shale is sharp and dips 45°
in opposite direction from that at top
of sandstone. )

1 ft 8 in., fragment (?) of clay shale as
above, with many fine laminae dip-
ping parallel to contact of shale and
sandstone deseribed immediately
above. Slickensides on surface of one
lamina. Base of clay shale has sharp,
irregular contact that dips from 60°
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Core

Depth (feet)

Remarks

Core

Depth (fect)

Remarks ~

27

1,377-1, 393

1, 3931, 400
1, 400-1, 410

1, 410-1, 417
1, 417-1, 429

1, 429-1, 452

1, 452-1, 469

to vertical. Laminae in lowest part
of shale body sharply curved. gla,y
shale may be large fragment that was
detached from underlying clay shale,
and surrounded by sand that settled
around it. Laminae probably curved
by contemporaneous deformation
which - presumably slightly preceded
shift from its original position. Sand-
stone surrounding shale also contains
some pebbles as large as 2 in. in diam-
eter, of the same type of clay shale.

3 ft 11 in., clay shale, medium-gray,
noncalcareous, with faint  slightly
silty laminae dipping - 16°. aood
shaly cleavage along. lamipae; con-
choidal fracture in other directions.
Fishbone fragments scattered
throughout.

Claystone, medium-dark-gray, noncalcar-
eous, nonbentonitic; conchoidal frae-
ture; and medium-gray very slightly
bentonitic claystone in lower half.

Sandstone, light-gray, fine-grained, very
argillaceous and silty, calcareous.

Clay shale, medium-gray and slightly
bentonitic to medium-dark-gray. and
nonbentonitic; and light-gray argilla-
ceous bentonite.

Clay shale, medium-dark-gray, with small -

amount of clay ironstone.
Recovered 11 ft 4 in.: Microfossils absent.
7 ft. 4 in., interbedded sandstone,
medium-light-gray, noncaleareous, very

fine- or fine-grained; siltstone; and a -

few thin beds of medium-gray clay
shale; all nonealcareous. Contacts
" are sharp, as grain size changes ab-
ruptly, and individual beds are 34 in.
to 6 in. thick, with the exception of

2 sandstone beds, both of which are -

approximately 12 in. thick and grade
from very fine grained at top to fine
grained at base. On top of lower bed
of sandstone, at 1,422 ft, is & 4 in.
unit of very fine-grained sandstone

containing abundant carbonaceous .

flakes that dip from less than 1° to
20°, Beds lie essentially flat.

4 ft, clay shale as at base of core 25
above. Silt laminae, common near
top and bottom, dip 10°, A 6-in,
section of very silty, sandy claystone
3 in. above base of interval contains
a few rounded pebbles (as much as 1
in. in diameter) of sandstone, and ir-
regular areas (3¢-2 in. across) of non-
silty, slightly darker clay. Borissia-
“koceras sp. and a fragment of an
Inoceramus shell occurred at 1,427 ft.

Sandstone, medium-light-gray, very fine-
to fine-grained, noncalcareous to very
slightly calcareous, with small amount
of clay shale.

Recovered 13 ft 2 in.: Microfossils absent.

2 ft, sandstone, medium-light-gray,
very fine- to fine-grained, silty,
slightly calcareous to noncalcareous,
massive. .

7 ft 9 in,, interbedded clay shale, fine-
grained sandstone, and siltstone, as

"is core 26 above; some sandstone is
calcareous, and a few steeply dipping
white calcite veinlets are present in
the sandstone. - Carbonaceous part-
ings at 1,455-ft contain }-in. frag-

28

29

1, 469-1, 476

1, 476-1, 485
1, 485-1, 495
1, 495-1, 670

1, 670-1, 690

1, 690-1, 715
1, 715-1, 720

1, 720-1, 730
1, 730-1, 780
1, 780-1, 790

1, 790-1, 800
1, 800-1, 809

1, 809-1, 823

1, 823-1, 843

ments of amber and fishbone frag-
ments, .

3 ft 5 in,, sandstone, medium-light-gray,
intergrading very fine- to fine-grained,
silty, calcareous at top; top 3 in. con-
taing abundant carbonaceous flakes.
Steeply dipping calcite veinlets pre-
sent. A 2-in. bed of medium-gray
clay shale with 1 in. of siltstone above
and below is present 1 ft. above base
of core. k

Clay shale as in core 27 but with very
small amount of light-gray very fine-
to fine-grained very argillaceous and
silty honecalcareous sandstone, with car-
bonaceous flakes,

Clay shale, with some siltstone similar to
sandstone above, but finer grained.
Sandstone, medium-light-gray, very fine-

grained, slightly calcareous.

Clay shale, medium-dark-gray, fissile in
lower part; small amount of siltstone
at 1,495-1,505 ft and minor amount at
1,665~1, 575 ft; a minor amount of
sandstone at 1,515-1,525 ft, and small
amount at 1,555-1,5635 ft; small amount
bentonite at 1,535-1,545 ft. Trace of
bluish-white bentonite at 1,626-1,635
ft had abundant, minute, euhedral cubic
and dodecahedral pyrite crystals. Fish-
bone fragments at 1,625-1,635 ft and
Inoceramus shell fragment at 1,595 ft.

Recovered 20 ft: Microfossils very abun

dant, )

Clay shale, medium-gray (with medium-~
light- or medium-dark-gray streaks)
noncaleareous; silty and slightly ben-
toniti¢ in part; a few silty slightly
calcareous laminae and lenticles that
dip from less than 1° to 5°; poor to
good shaly cleavage, Top 2 ft con-
tains . 2-3-in. beds of argillaceous
medium-light-gray bentonite; upper-
most bentonite bed distorted though
shale immediately above and below
is flat .lying. Pyrite, minute clay
balls, and white bentonite with mi-
nute biotite flakes present.

Clay shale as in core 28 above.

Clay shale, with bentonite containing
abundant small euhedral biotite plates,

Clay shale and siltstone.

Clay shale with minor siltstone.

Siltstone, medium-gray, slightly calcare-
ous, argillaceous.

Clay shale, with some siltstone.

Siltstone and clay shale with small amount
of coal.

Sandstone, medium-light-gray, very fine-
grained, very silty and argillaceous,
nonbentonitic, slightly to very slightly
calcareous, very slightly pyritic, hard
to friable.

Recovered 19 ft 7 in.: Microfossils absent.
6 ft, sandstone, medium-light-gray,

very fine-grained, very slightly ar-
gillaceous, slightly calcareous, with
abundant ~ biotite; massive, Sand
graing are angular clear and white
quartz with some gray and dark rock
fragments. A few rounded pebbles
of medium-gray clay shale %-1 in. in
diameter. at 1,825 and 1,828 ft. At
1,824 ft effective porosity 9.66 per-
cent; rock is impermeable; carbonate
content percent by weight 10.3.
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Core Depth (feet) Remarks Core Depth (feet) Remarks

8 in.,, claystone, medium-gray, non- 6 in., claystone, medium-dark-gray,
calcareous, slightly micaeeous; irreg- silty, noncalcareous, micaceous.
ular fracture; sharp contact with 9 in., sandstone, medium- to medium-
overlying sandstone dips 10°. light-gray, very. fine-grained, argil-

1 ft 2 in.,, sandstone, medium- to laceous, very ecalcareous.
medium-light-gray, very fine-grained, 1 ft 7 in., siltstone as above, medium-
very silty, very slightly calcareous, gray, with rare particles of carbo-
with faint slightly carbonaceous naceous material. ’
streaks that suggest ‘“swirly” bed- 7 £t 9 in., claystone as above, with thin
ding, in lower half of unit. (as much as 1 in. thick) beds of

2 ft 6 in., sandstone, medium-light- medium-gray very argillaceous silt-
gray, very fine- to fine-grained, stone dipping 5°-20°; siltstone aver-
slightly calcareous to calcareous, ages less than 10 percent of section
with 6 in. of medium-gray claystone except for a 1 ft 5 in. interval 1 ft
between 1,841 and 1,842 ft, and 2 above base of core, which is approxi-
in. of clay shale pebbles with minor mately two-thirds siltstone with
amount of sandstone matrix 8 in. interbedded clay shale. Pelecypod
above base of interval. (Mytilus?) shells at 5 ft above base of

5 ft 8 in., sandstone, medium-light- core,
gray, very fine-grained, very silty and { _____ 1, 983-1, 990 | Siltstone, with minor shale and abundant
argillaceous, with 6 in. of medium- pyrite grains.
gray claystone at 1,836 ft; 2-in. | _____ 1,990-2, 015 | Clay shale, with minor siltstone.
interval of poorly rounded claystone | _____ 2, 015-2, 025 { Clay shale with some siltstone.
pebbles and 4-in. bed of medium-gray | ___.__ 2, 025-2, 035 | Siltstone with some very slightly benton-
claystone at 1,836 ft. itic claystone.

2 ft 3 in., claystone as above, with thin | _____ 2, 035-2, 040 | Clay shale, medium-dark-gray, and very
beds (up to one-half an inch thick) silty medium-light-gray clay shale.
and laminae of medium-light-gray | _____ 2, 040-2, 047 | Sandstone, medium-light-gray, very fine-
siltstone, grained, slightly calcareous, argilla-

1 ft 4 in., sandstone as above, with 114 ceous. Top of Ninuluk formation at

© in. at top containing varvelike 2,040 ft.
laminae of medium-gray clay shale. 35 | 2,047-2, 068 | Recovered 20 ft: Microfossils absent.
Bottom 3 in. is also claystone as Sandstone, medium-light-gray, very

B ove. fine- to fine-grained at top, grading

30 | 1, 843-1, 863 | Recovered 2 ft 10 in.: Microfossils absent. to only fine-grained at base, very
. 1.t 7 in., claystone as above, with argillaceous, calecareous; massive, ex-
abundant laminae of siltstone. Ino- cept for 8 in. at 2,065 ft that con-

ceramus fragment at top. tains ecommon carbonaceous partings

1 ft 3 in.; sandstone as above, with two dipping 15°. Fair odor of oil in core.
1+in. beds of claystone 6 in. above Light-yellow cut, yellow residue in
base, and at base of interval. CC), at 2,060 ft; composed of angular

31 | .1, 863-1; 864 | Recovered 1 ft 3 in.: Microfossils absent, to subangular grains of clear and
Sandstone as above, with laminae and white quartz and dark rock frag-
thin beds of claystone as above, ments, with some yellow quartz and
. totaling 40 percent of core. gypsum (?); many grains frosted.
_____ 1, 864-1, 910 | Siltstone; medium-light-gray, argillaceous, Mica present but not common.
noncalcareous, nonbentonitic, very mi- 36 | 2,068-2, 069 | Recovered 1 ft: Microfossils absent.
caceous (biotite), with silty shale at Sandstone as above.

1,864-1,870 and 1,900-1,910 ft, and 37 | 2,069~ Recovered 8 ft 5 in.: Microfossils absent.

traces of siltstone at 1,870-1,880, 1,890, 2,077. 3

and 1,900 ft. 7 ft 9 in., sandstone as above, .fine-

_____ 1, 910-1, 930 | Clay shale, with argillaceous siltstone. grained, coarsening _slightly with
————— 1,930-1, 940 | Claystone, with trace of gray argillaceous depth. Fair to good oil odor.” Light-
limestone, dense, with very thin light- yellow cut, yellow residue in CCl; at
gray laminae. 2,075 ft. :
----- 1, 940-1, 950 | Siltstone, withsmall amount sandstone and 8 lgiéigiﬁdsmne as above but very fine
1. 950-1. 955 ‘claystone. 38 | 2,077. 5- Recovered 19 ft 7 in.: Microfossils absent.
‘‘‘‘ ’ , Siltstone. 2, 097 9 ft 6 in., sandstone as above, but very
32-34 Recovered 18 ft 8 in.: Intervals described

1, 955-1, 983

below are in proper sequence, but
their exact depth is unknown. Mi-
crofossils very rare,

6 ft 8 in., siltstone, medium-light-gray,
very slightly calcareous to noncal-
eareous, argillaceous; sandy in lower
part, with very rare very faint
carbonaceous streaks.

1 f& 6 in., bentonite, grading from
medium light gray, very argillaceous,
and slightly micaceous to very light
gray, slightly argillaceous, with very
abundant euhedral plates of biotite.
Aragonite veins, ¢4 in. across, are
very common in central part of
interval.

calcareous and with poor shaly
cleavage below 2,079 ft. Good odor
oil, pale-yellow cut, yellow residue in

_ GOl at 2,085 ft. :

4 ft, sandstone, medium-light-gray,
fine- to medium-grained, with a few
streaks of medium- to coarse-grained
sandstone, argillaceous, calcareous,
with common streaks of carbonaceous
and coaly material as much as one-
fourth of an inch thick, dipping as
much as 30°. Faint oil odor.

3 ft 10 in., sandstone, medium-gray,
very fine-grained, very silty and
argillaceous, slightly caleareous to
noncaleareous, with common carbo-
naceous particles.
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Core

Depth (foet)

Rama.rks

Core

Depth (feet)

Remarks

2, 097-2, 105
2, 105-2, 109

2, 109-2, 128

2, 128-2, 145

2, 145-2, 150

2, 150-2, 151

2, 151-2, 152
2 152-2, 153
2 153-2, 173

9 in.,, claystone, medium-dark- to
medium-gray, noncalcareous, with
conchoidal fracture.

11 in., siltstone, medium-light-gray,
argillaceous, with faint laminae me-
dium-dark-gray clay shale.

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

thin beds of medium-gray, noncal-

careous siltstone.
Siltstone, with sandstone and clay shale.

Sandstone, fine- to medium-grained, with :
-small amount of fine-grained friable -

noncaleareous sandstone.

Recovered 18 ft 5 in.: Microfossils sbsent. |
1 ft 6 in., sandstone, medium-light-gray, !

fine-grained, slightly to noncalcare-

ous, with good oil odor. Light-
yellow cut and brownish-yellow resi-

"~ due in CCL at 2,110 ft.

3 ft 6 in., sandstone as above but very ‘
‘fine-grained, faint oil odor. Grades .

into rock below.

1 ft 8 in., sandstone as at top of core, !
with good oil odor. Light-yellow

;zut, brownish-yellow residue at 2,117
t.

8 ft, sandstone as in 3i4-ft interval

above,

8 ft 9 in., sandstone as at top of core; :
yellow cut, brownish-yellow residue :

in CCl, at 2,120:ft, light-yellow cut,
yellow residue at 2,128 ft.

’Réeovered 16 ft 4 in.: Microfossils:

abundant.

14 ft 3 in., sandstone, medium-light- :
gray, fine-grained, silty, very slightly

caleareous to noncalcareous, massive;

cormaposed of angular grains of clear :
quartz with small amount of white :

quartz and dark rock fragments;

_frosted grains rare. Streaks of. car-.

bonaceous material dipping . 5°-15°

common in lower 1 ft, rare elsewhere;
-gtreaks of clay ironstone rare through-

out.
2 ft 1 in., claystone, medium-dark-gray,

very slightly micaceous, noncalcare- :

ous; subconchoidal fracture. .
Sandstone as in sandstone of core 40.

" Clay shale, very silty, with small amount’

of siltstone and minor amount of
' bpentonite. -

Siltstone, with small amount of clay shale. .

No sample.

Recovered 19 ft 2 in.: Microfossils abun-f

dant.

2 ft 4 in.,  interbedded claystone,-
medium-dark-gray; and medium-gray !
giltstone, with proportion of siltstone |-
"decreasing from 24 to % of rock with'
depth. Individual laminae irregu-:
larly lenticular, all less than one-half -

an inch thick.
12 ft. 6 in., claystone as in core 40

above, with 2-in. sandy interval at:

. '2,164 ft, and silty claystone between

2,164 and 2,165 ft. Coaly laminae’

42

43

in basal 8 in, of claystone. Approxi-.{