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undercompacted and(or) overpressured intervals in the lower parts of
Beaufortian megasequences have been deeply buried and

both megasequences. In the Tulugak well, which penetrates the
exhumed, and now exhibit characteristics of "tight gas sandstones". North Alaskan Straﬂgraphy Brookian section, a transition from high to low sonic transit time and an
The data recovered from drilling, well tests, and cores exhibit the

Structural Cross Section - increase from low to high resistivity with decreasing depth suggest that

: . Key to well symbols : .
potential for substantial gas reserves over a large area. These | | Tectono-Stratigraphic S Avivak M | N X gua 5o eade the top of an overpressured interval lies at a depth of about 10,500 ft.
data include recovery of gas from drillstem tests, indications of " Tuktu e i Big Bend Deformation

70.5 v Ipikpuk I I
) _ . Ayiyak anticlinorium  Escarpment Syncline Anticline Umiat Anticline Front .. However, higher than normal pressure was also encountered in the
overpressure from well tests and mud weights, low porosity and Tertiary and Megasequences A\ , . on

, 700 - o ok © ik Rver sand-shale sequence above this depth, as evidenced by the drill-stem
permeability in sandstones, and vitrinite reflectance values ranging Upper Cretaceous _ BROOKIAN

© Tusen test and increase in mud weight to more than 12 ppg at 9,000 ft. In this
from 1.0 to 2.0 percent throughout substantial depth intervals. : 69.5 Ao particular well, the three tested intervals at 16,000, 9,000, and 8,000 ft
(Foreland basin
& passive margin)

science for a changing world

Logs and Tests from the Tulugak Well
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LATITUDE

-20,000 s all produced gas to surface on the first test, but subsequent tests at the
69.0 + Tulugak

cast g same depths showed declines in gas rates and pressures (for example,
o5 0.48, 0.43, 0.35 psi/ft at 8,300 ft), indicating either poor reservoir quality
162 -160 -158 156 -154 152 -150 -148 146 or limited reservoir volumes.
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EXPLANATION

Jurassic through Tertiary strata beneath the Brooks Range foothills Jurassic Kingak Shale ( Rift) Endicott Mts. allochthon Higher allochthons North Slope autochthon Colville basin e
comprise two major overlapping tectonostratigraphic megasequences. —_— - Pebble shale Nanushuk Fm.
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_ _ e _ TG e Sadlrochi Kingak Shale Torok Fm. thrust faults
Shale) is an offlapping depositional succession that prograded o y— (@IS -~ Group ELLESMERIAN (Jurassic-Lower Cretaceous) (Lower Cretaceous)
southward (present coordinates) during rifting and opening of the Arctic ermian e : : .
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Favorable conditions for gas generation in the lower part of the Torok
Formation are evidenced by (1) intermittent gas shows, (2) a vitrinite
reflectance trend that exceeds 1.0 percent at 8,000 ft and 2.0 percent at
14,000 ft, and (3) total organic carbon values of 1.5 weight percent from
11,000 to 14,000 ft depth in the Tulugak well. Similar, if not more
favorable, conditions for gas generation exist in the Hue Shale, a
condensed section and oil-prone source rock interval at the base of the
Brookian megasequence and only partially penetrated by the Tulugak well.
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2000 -
Cross section by T.E. Moore and C.J. Potter, USGS,

No vertical exaggeration modified after Moore and Potter, 2000; Potter and Moore, 2005.
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megasequence consists of a series of depositional sequences derived Carboniferous ﬁf’m _ P(rl\él_-:n?;s-x;r;::nsylvaman) “

from the Brooks Range and deposited to the north in the Colville - — Reservolr Geomet I’y (Proterozoic to Devonian)

Foreland Basin, which was progressively filled as clastic systems Devonian and FRANKLINIAN 4000

prograded eastward and northward. older (Economic basement) ™,

Both the Beaufortian and Brookian megasequences generally display

similar vertical successions of facies, including in ascending order (1)

6000 -

Tulugak Total —_
. Vitrinite
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BB Sandstone Bl Marine shale (source) Metasediments
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. . . . . ' E Lll_J Gamma Ray Induction Log 8 (pounds pe.r gallon) 18 Shows | Carbon
a basal condensed section that includes low-velocity shales with good B Carbonates Bl Marine shale (non-source) Granite . . n T T T R R R — :
to excellent source-rock character, (2) a base-of-slope succession that Geolo gic Cross Section = = == —
IS mostly marine mudstone in the Beaufortian megasequence and that South 3 o = g - Fm
includ_es marine mudstone plus turbi_dite-sa_ndstone_ facies in the. Grandstand Big Bend Fossil Creek _umiat _Gubik - Q100007 ] S ey — H
Brookian megasequence, (3)iaireiative b atlIe I Tecaca utgak Overpressured Natural Gas in the Colville Basin, Northern Alaska = — ||

consisting of mostly mudstone, and (4) a marine shelf-to-shore system ET e E e
that includes sandstone and mudstone. In the Brooks Range foothills,
these coarsening-upward megasequences are stacked vertically, with
the Beaufortian megasequence as thick as ~4,000 ft and the Brookian
megasequence as thick as ~20,000 ft. Even greater thicknesses are
expected southward toward the Brooks Range, where structural
deformation has produced stacked sections.
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Legend: Hydrocarbon Shows Types

Oil recovered in drill stem test

Trace oil in drill stem test

Oil "bleeding" from core

Stain—good

Stain—fair to poor

Oil show

Oil show—slight

Fluorescence or visible oil cut
Fluorescence—bright, cut fluor.—strong
Fluorescence—medium, cut fluor.—fair
Fluorescence—dull, cut fluor.—w eak
Dead oil (bitumen, solid hydrocarbon)
Drillstem test interval

Gas recovered in drillstem test

Trace gas in drillstem test

Gas "bleeding" from core

Gas show

Gas show—slight

Ethane (C2) concentration >2,000 ppm
Methane (C1) concentration >20,000 ppm

Porosity, Permeability, and Grain Density of Brookian Sandstones and Siltstones from Selected Wells
Well Formation Depth Number  Porosity Permeability Grain Density

(ft) of Samples (percent) (millidarcies) (g9/cc)

Awuna LowerTorok 3664 3 810 10 less than 0.05 271
Heavenly Seabee & Torok 7980-9540 12 poor to fair poor to fair --
Narvaq Seabee 7314-7340 23 6to 17, avg 12 0.01 to 0.26, avg 0.09 2.71
Pipeline State above Canning 7537-7600 31 3to 15,avg 9 7,2,2,2,1and <1 2.65
Pipeline State Canning 8763-8815 18 2 to 15, avg 10 0.01t0 0.6, avg 0.3 2.69
Pipeline State Canning-Seabee 9472-9525 38 6to 11, avg 10 0.01to 0.2, avg 0.04 2.71
Toolik Fed 1 Canning 8360-8390 -- none observable - --
Tulaga LowerTorok 9027-9627 5 810 10.5, avg 9.1 0.03t0 0.1, avg 0.04 2.73
Tulaga LowerTorok 9683-9694 12 6to 8,avg 7.0 0.01to0 4.0, avg 0.81 2.74
Wolfbutton 25-6-9 Canning 8311-8366 25 6to 13, avg 10 0.001 to 1.0, avg 0.07 --
Wolfbutton 32-7-8 Torok 8319-8379 24 7to 11, avg 9 0.01 to 0.5, avg 0.06

Uplifit and Eresiien

of numbers below give the approximate amount of uplift and Tulugak well
in feet, from analysis of sonic logs (Burns and others, in
ong the geologic section from the Tulugak well to the

well. These values are consistent with O'Sullivan's (1999)
of 6,900 feet of uplift in the Seabee well from apatite fission- DST 2. 15,440-15,930 ft. No gas or fluid to surface. ISIP 8,830 psi, FSIP 9,958 psi.
a. Formation depths in the foothills have been substantially
n the past than at present. For example, the top of Kingak

the Seabee well, presently at 13,000 feet, has been buried DST 3-RR5. 14,664-15,930 ft. No gas or fluid to surface. ISIP 6,009 psi, FSIP 6,009 psi.

Permeabil Ity and Porosi Ly are Low imum depth of 20,000 feet according to these estimates of

d erosion, leaving vitrinite reflectance signatures that are DST 4. 8,818-9,374 ft. Recovered 2 bbls of mud cushion and light gas flow to surface for
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Normal pressure

DST 1. 15,840-15,930 ft. Flowed 6,700 ft of mud & cushion to surface in 12 hrs, flowed

Franklinian 78,000 cu ft gas in 2.3 hrs, no oil or water. ISIP 9,718 psi, FSIP 11,123 psi.

megasequence
(basement)

Xeo+XEH:>o000O oDD># XX

Cross

DST 3. 14,664-15,930 ft. No gas or fluid to surface. Pressures not recorded.
Section

Tulugak 1 ¢

I I DWH March 2005

. . srandsfond rexace N |[|S Ein Raid Arca NS HuskY  ipns NS i Arca Atfantic Richfiald union N . . . R % :
Extent of Tight Gas Potential R pihe || 0 i ¢ | 0 e T the gas window. Thus, high levels of thermal maturity have 6 hr; iniia rate of 1800 mofd declining to 10 mefd afte 6 hrs. ISIP 4,070 psi, FSIP 5,401

iched in Beaufortian and Brookian formations despite the psl-

ermal gradients present in the foothills. DST 4A. 8,818-9,374 ft. Gas to surface in 6.1 hrs at initial rate of 1950 mcfd declining to
3 mcfd after 12 hrs. ISIP 4,002 psi.

Explanation

Selected exploration wells

SCALE Trans-Alaskan pipeline system

0 20 40 60 80 MILES Federal boundary
HEHHA——

20 0 20 40 60 80KILOMETERS Federal/State water boundary
HHHHH— —o ]

b

South North DST 5. 7,898-8,572 ft. Light gas flow to surface for 21 hrs. ISIP 3,797 psi, FSIP 3,099
8000 8000 6500 4500 1525 0 psi.

Tulugak  Big Bend Seabee Tulaga Itkillik Kookpuk
River Unit DST 5A. 7,898-8,572 ft. Light gas flow for 4 hrs. ISIP 3,036 psi, FSIP 3,349 psi.

Twa-Way Travel Time {sec.)

Twa-Way Travel Time [3ec.)

Two-Way Travel Time [sec.)
Approximate Depth 1,000 ft
Approximate Depth 1,000 ft
Approximate Depth 1,000 ft

10 Dist (miles) 20 a0 10 20 an 40 50 60
i i Istance {miias i i
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Native land holdings

DST 5-RR2. 7,898-8,572 ft. Total of 4 mcf in 5 hrs. ISIP 2,024 psi, FSIP 2,935 psi.

Abbreviations explained in table on sheet 2




