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LITHOLOGY
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CANADIAN BEAUFORT

(17 GAS, 22 OIL, OIL AND

GAS FIELDS REC. RES. =

SCHRADER BLUFF (400 MMBOR)

WEST SAK (541 MMBOR)

UMIAT (70 MMBOR, 0.05 TCFGR)

{PT THOMSON (329 MMBOR, 8 TCFGR)
BURGER (724 MMBOR, 14 TCFGR)

PRUDHOE BAY(13.7 BBOR, 26 TCFGR)

LISBURNE POOL-PRUDHOE

BAY (192 MMBOR, 1,000 BCFGR)

?

LOWER
KINGAK FM.

IVISHAK FM.

FIRE CRK FM.

ECHOOKA FM.

1.1 BBOR AND 12.7 TCFGR)

GUBIK AND E. UMIAT (350-900 BCFGR)

PRUDHOE BAY-SAG RIVER (4 BBOIP)

PRUDHOE BAY-SHUBLIK (250-500 MMBOIP)

SAND PIPER (45 MMBOR)

HAMMERHEAD (100-200+ MMBOR; RESERVOIR
NOT FULLY DELINEATED)

NIAKUK (65 MMBOR, 0.03 TCFGR)

NORTHSTAR (196 MMBOR)

JU

ACOUSTIC
BASEMENT

1.8 {

GWYDYR BAY (30-60 MMBOR)

N. PRUDHOE (4 MMBOR)

{

FRANKLINIAN
SEQUENCE

IVISHAK (ENDICOTT) (6+MMBOR)

RIFT
SEQUENCE

PU

LOWER
ELLESMERIAN

SEQUENCE

UPPER
ELLESMERIAN

SEQUENCE

FISH CREEK (RU)
SIMPSON (12 MMBOR)

{
{
}

UPPER
BROOKIAN
SEQUENCE

LOWER
BROOKIAN
SEQUENCE

mBU

BU

KUVLUM (160-300+ MMBOR; RESERVOIR NOT
FULLY DELINEATED)

BADAMI (5+ MMBOR), FLAXMAN ISLAND (RU)

TARN (126 MMBOR), MELTWATER (44 MMBOR)
TABASCO (24 MMBOR)

WALAKPA (38 BCFGR)

KUPARUK (2.9 BBOR, 1.5 TCFGR)

MILNE PT (404 MMBOR), FIORD (50 MMBOR)

PT MCINTYRE (582 MMBOR); PALM (35 MMBOR)
{

ALPINE (536 MMBOR)

S.BARROW + E.BARROW (39 BCFGR)
SIKULIK (12 BCFGR)

ENDICOTT (571 MMBOR, 1.0 TCFGR){
LIBERTY-TERN (120 MMBOR)

Net North Slope oil production through 2003 =
14,422 millions of barrels. Net gas

(to energize production and gas
re-injection facilities) = 4,939 billions of cubic
feet. The gas recycling (production and re-
injection) rate in 2003 averaged 8.3 billion
cubic feet per day.
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EXPLANATION

LOWER ELLESMERIAN PRESENT

INDEX
MAP

ISOPACH, IN FEET, FOR LOWER ELLESMERIAN
SEQUENCE (GENERALIZED FROM SEISMIC MAPPING)

ISOPACH, IN FEET X 1,000, FOR LOWER ELLESMERIAN
SEQUENCE (GENERALIZED FROM SEISMIC MAPPING)

CLOSED ISOPACH WITH THICKNESS EXCEEDING
VALUE, IN FEET X 1,000, FOR LOWER ELLESMERIAN
SEQUENCE

CLOSED ISOPACH WITH THICKNESS LESS THAN
VALUE, IN FEET X 1,000, FOR LOWER ELLESMERIAN
SEQUENCE
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PLUGGED AND ABANDONED WELL WITH THICKNESS,
IN FEET (AND METERS), OF LOWER ELLESMERIAN
SEQUENCE (+INDICATES BASE NOT PENETRATED)

CITY OR VILLAGE

4,000 ft = 1,220 m 20,000 ft = 6,100 m
8,000 ft = 2,440 m 24,000 ft = 7,320 m

12,000 ft = 3,660 m 28,000 ft = 8,540 m
16,000 ft = 4,880 m 36,000 ft = 10,980 m
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UPPER ELLESMERIAN PRESENT

ISOPACH, IN FEET, FOR UPPER ELLESMERIAN
SEQUENCE (GENERALIZED FROM SEISMIC MAPPING)

ISOPACH, IN FEET X 1,000, FOR UPPER ELLESMERIAN
SEQUENCE (GENERALIZED FROM SEISMIC MAPPING)
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4,000
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2,000 ft = 610 m 8,000 ft = 2,440 m
4,000 ft = 1,220 m 10,000 ft = 3,050 m
6,000 ft = 1,830 m 12,000 ft = 3,660 m

CLOSED ISOPACH WITH THICKNESS EXCEEDING
VALUE, IN FEET X 1,000, FOR UPPER ELLESMERIAN
SEQUENCE

CLOSED ISOPACH WITH THICKNESS LESS THAN
VALUE, IN FEET X 1,000, FOR UPPER ELLESMERIAN
SEQUENCE
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C,K,P,T COMPOSITED DK Pe

HANNA
TROUGH

EAST MARGIN
HANNA TROUGH

Lower to Upper Jurassic (Lower Kingak Shale -Equivalent):
Minimum thickness in Hanna trough, 680 feet (207 m); 605 feet
(185 m) thick at east margin. Bathyal gray shales with glauconitic
siltstones and sandstones in beds <5 feet (1.5 m) thick. East
margin sequence locally includes Simpson sandstone (120 ft or 37
m) and Barrow sandstone (40 ft or 12 m).

Triassic to Jurassic (Sag River Formation-Equivalent): 140 feet
(43 m) thick in Hanna trough (Tunalik), 85-125 feet (26-38 m) thick
on east margin; not penetrated in offshore wells but thought to be
present in Hanna trough away from uplifts. Glauconitic, very fine- to
fine-grained sandstone at east margin, grading into shale and

Upper Triassic (Shublik Formation-Equivalent): Abbreviated by
unconformable truncation in offshore wells but at least 480 feet
(146 m) composited thickness in Hanna trough; 285-414 feet (87-
126 m) thick on east margin (Peard). Organic carbon-rich shales
and carbonates (potential oil source) in Hanna trough; carbon-poor
carbonates, shales, siltstones, and sandstones on east margin.

Lower Triassic (Fire Creek Formation-Equivalent): 215 feet (66
m) thick at Klondike well in Hanna trough (not identified at Tunalik);
85-105 feet (26-32 m) thick on east margin (Diamond and Peard).
Composed of shales and siltstones both in Hanna trough and along
east margin. Organic carbon-rich potential oil source in Hanna
trough; non-source along east margin.

Lower Triassic (Ivishak Fm.-Equivalent): 445-565 feet (136-172
m) thick in Hanna trough; 440-505 feet (134-154 m) thick on east
margin. Organic carbon-rich potential oil source in Hanna trough;
marginal marine to marine sandstones at east margin Hanna
trough.

Permian to Triassic (Kavik Formation-Equivalent): Minimum
thickness 1,630 feet (497 m) in Hanna trough (Tunalik); 65-110 feet
(20-34 m) on east margin. In western Hanna trough consists of
glauconitic shales and siltstones with medial sandstone sequence
525 feet (160 m) thick. On eastern margin and at Tunalik consists

Upper Permian (Echooka Formation-Equivalent): 499 feet (152
m) thick in Hanna trough; 85 feet (26 m) thick on east margin
(Brontosaurus well), thickening to 627 feet (191 m) locally within
half-graben (Diamond well). In Hanna trough consists of spiculites,
argillaceous cherts, and shales. On eastern margin consists of

Lower Permian (Permian Transitional Sequence of Lisburne
Group-Equivalent): 1,940 feet (592 m) composited thickness in
Hanna trough. 470 feet (143 m) thick at east margin (Kugrua well),
thickening locally to over 753 feet (230 m) in half-graben
(Diamond). Spiculitic siltstone, shale, and carbonates (lower part)
in Hanna trough, including 730 feet (223 m) of basaltic volcanics at
Tunalik well. Carbonates, sandstones, and shales at Diamond,
Kugrua, and Tunalik wells. Tunalik well includes 730 feet (223 m)
of basaltic volcanics.

Pennsylvanian (Equivalent to Wahoo Formation of Lisburne
Group): 2,165 feet (660 m) thick in Hanna trough; over 944 feet
(288 m) at Kugrua well. Carbonates, sandstones, siltstones,
shales. Granitoid rock fragments prominent in sandstones and
carbonates in western Hanna trough (Popcorn well).

Mississippian (Equivalent to Alapah Formation of Lisburne
Group: Only uppermost 337 feet (103 m) penetrated in Hanna
trough; not encountered in wells along east margin but probably
present south of erosional truncation. Consists of sandstones,
carbonates, siltstones, and shale. Granitoid rock fragments
prominent in sandstones and carbonates in western Hanna trough
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HANNA TROUGH WELLS

EAST MARGIN HANNA
TROUGH WELLS

C: CRACKERJACK
K: KLONDIKE
P: POPCORN
T: TUNALIK

K: KUGRUA
D: DIAMOND
Pe: PEARD

LITHOLOGY

SANDSTONE

SILTSTONE

SHALE, MUDSTONE

SPICULITIC SHALE

CHERTS, SPICULITES

CARBONATES

VOLCANIC ROCKS
(TUNALIK)

LCU:

JU:

PU:

LOWER
CRETACEOUS
UNCONFORMITY

JURASSIC
UNCONFORMITY
PERMIAN
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COMPOSITE WELL BORE LITHOSTRATIGRAPHY, HANNA TROUGH

ISOPACH MAPS AND STRATIGRAPHIC PANEL
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WITHIN BASEMENT ON CHUKCHI PLATFORM
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HIGH (AFTER HERMAN AND
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AL. [1986])
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DISTRIBUTION OF UPPER ELLESMERIAN SEQUENCE
(UPPER PERMIAN TO UPPER JURASSIC) AND MAGMATIC

ARC(?) WITHIN BASEMENT ON CHUKCHI PLATFORM

PENNSYLVANIAN ROCKS

MISSISSIPPIAN ROCKS

SEDIMENTARY EVIDENCE IN PENNSYLVANIAN AND MISSISSIPPIAN
ROCKS, POPCORN WELL, CHUKCHI SHELF, FOR PRE-DEVONIAN
MAGMATIC ARC IN BASEMENT BENEATH CHUKCHI PLATFORM

9,359 feet: Sandstone with
clasts of plutonic rocks (Lp),
feldspar (F), quartz (Q), and
abundant fragments of
echinoderm, brachiopod, and
bryozoan fossils.

9757 feet. Calcite-cemented
sandstone with clasts of
gneissic rock (Lm), plutonic
rock (Lp), and sandstone (Ls),
with abundant fossil fragments

Lm

9806 feet. Calcite-cemented
sandstone with clasts of
feldspar (F), quartz (Q), and
glauconite (G), with abundant
echinoderm fossil fragments (E)

E

E

Lp
Lv

Lp

F

9900 feet. Very coarse-grained
sandstone with clasts of
volcanic rocks (Lv), plutonic
rocks (Lp), feldspar (F), and
quartz, with abundant
echinoderm fragments (E)

9966 feet. Calcite-cemented
sandstone with abundant
plutonic rock fragments (Lp),
quartz, and fragments of
echinoderms and brachiopods
(Bp)

STRUCTURE OF HANNA TROUGH AND FACIES OF
ELLESMERIAN SEQUENCE, U.S. CHUKCHI SHELF, ALASKA

KEY POINTS

1. Magnetic and gravity data suggest a northerly structural fabric within pre-Late
Devonian basement beneath Hanna trough.

2. Hanna trough rifting developed as swarms of half-grabens along northerly faults
probably templated on basement fabric.

3. On the south, Hanna trough merges with the east-trending faults of the
contemporaneous Arctic Alaska basin. On the north, Hanna trough is segmented by a
trans-rift “accommodation zone”, across which the northern segment is offset at least
100 km west of the axis of the southern segment.

4. The fault-driven rift phase of subsidence occurred from Devonian(?) to Late
Permian time and is recorded by the Lower Ellesmerian sequence, which reaches
maximum thicknesses of 36,000 feet in deep basins south of the accommodation zone.

5. Thermal subsidence or “sagging” occurred from Late Permian to Late Jurassic time
and is recorded by the Upper Ellesmerian sequence, which reaches maximum
thicknesses of 12,000 feet in southern parts of Hanna trough.

6. Facies maps based on well data indicate that uplifted areas both east and west of
Hanna trough contributed clastic debris to Hanna trough from Mississippian (and
earlier?) time through Permo-Triassic time. The uplifts to the west on Chukchi
platform apparently became subdued (as sediment sources) after Permo-Triassic time.

7. North-trending magnetic and gravity anomalies on Chukchi platform are interpreted
by Herman and Zerwick (1994) as possibly marking a magmatic complex (arc terrane?)
amalgamated within basement. Plutonic and volcanic detritus is prominent in
Mississippian, Pennsylvanian, and Permian (less so) rocks in western Hanna trough,
and, was presumably derived from the hypothesized magmatic complex within
basement to the west.

8. In eastern Hanna trough, facies transitions from margin to paleogeographic deep
mimic the familiar transitions in time-equivalent strata from north (margin) to south
(deep basin) in the Arctic Alaska basin.

STRUCTURE OF HANNA TROUGH AND FACIES OF ELLESMERIAN SEQUENCE ,

U.S. CHUKCHI SHELF, ALASKA

Kirk W. Sherwood

Minerals Management Service, Centerpoint Financial Center, 3801 Centerpoint Drive, Anchorage, Alaska 99503 -5823

Hanna trough is a rift basin of probable Devonian to Late Jurassic age that trends north beneath

the U.S. Chukchi shelf offshore northwestern Alaska. The basin formed a depocenter for the

accumulation of over 38,000 feet (11,600 m) of strata of the Ellesmerian sequence and is a

westward extension of the petroleum-rich Arctic Alaska basin that underlies the Alaska North

Slope. Hanna trough overlies a seismic basement that appears to consist of Devonian and older

terranes that were assembled into a crustal unit with a northerly structural grain in pre-Middle or

Late Devonian time. A magnetic high may mark a magmatic arc within basement that

apparently contributed granitic sedimentary debris found within Mississippian and

Pennsylvanian calcareous sandstones beneath Chukchi shelf.

Hanna trough rift structures also developed along northerly lines that mimic the northerly grain

of basement. The fundamental structural units of Paleozoic rifting, and the sites of earliest

sedimentation, are half-grabens that pervasively floor Hanna trough. The half-grabens are

floored by wedge-shaped bodies of strata that are correlated by seismic inference to the Endicott

Group (Upper Devonian to Mississippian). Fault-driven subsidence occurred mostly from

Devonian (inferred) to Permian time and controlled deposition of over 36,000 feet (11,000 m) of

strata of the Lower Ellesmerian sequence. From Late Permian to Late Jurassic time, a sag

phase of subsidence controlled the deposition of up to 12,000 feet (3,660 m) of strata of the

Upper Ellesmerian sequence in Hanna trough.

The oldest rocks penetrated by wells on Chukchi shelf are Upper Mississippian rocks equivalent

to the Lisburne Group. The lithofacies and petrology of clastic rocks suggest the existence of

highland sediment sources both east and west of Hanna trough for Mississippian through

Permian sequences. The western highland (Chukchi platform) was subdued or absent by the

time of deposition of the mostly basinal rocks of Triassic and younger ages in western Hanna

trough. The eastern highland sediment source (Arctic platform) remained active through Late

Jurassic time. Within the Upper Ellesmerian sequence (Late Permian to Late Jurassic), facies

transitions from the east margin to paleogeographic deeps in Hanna trough mimic the well-

documented and familiar facies transitions in time-equivalent strata from north (margin) to south

(deep basin) in the Arctic Alaska basin.

Additional Information: Sherwood, K.W., Johnson, P.P., Craig, J.D., Zerwick, S.A., Lothamer, R.T., Thurston, D.K., and Hurlbert, S.B., 2002,

Structure and stratigraphy of the Hanna Trough, U.S. Chukchi Shelf: in Miller, E.L., Grantz, A., and Klemperer, S.L. (eds.), Tectonic Evolution

of the Bering Shelf-Chukchi Sea-Arctic Margin and Adjacent Landmasses: Boulder, Colorado, Geological Society of America Special Paper 360,
p. 39-66.

Presented at Joint Conference of Geological Society of America (Cordilleran Section), American Association of Petroleum Geologists (Pacific
Section), and Society of Petroleum Engineers (Western Region), N orth to Alaska: Geoscience, Technology and Natural Resources, 08-10

May 2006, Anchorage, Alaska.

Structure of Hanna Trough and Facies of Ellesmerian Rocks, U.S. Chukchi Shelf, Alaska

Reference: Sherwood, K.W., 2006, Structure of Hanna Trough and Facies of Ellesmerian Sequence, U.S.
Chukchi Shelf, Alaska (Abstract with 2 Posters.):

Geological Society of America
Abstracts, Volume 38, No. 5, abstract 37-2, p. 85. Updated with higher-resolution facies maps on 24 May ‘07.

2006 Joint Meeting of Cordilleran Section, Geological Society
of America (GSA), Pacific Section, American Association of Petroleum Geologists (AAPG), and Alaska/Western
Section of Society of Petroleum Engineers (SPE), 08-10 May, Anchorage, Alaska,
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